


























• ln view of the fact that the first two superheaters were in service during 

boiler operation with the scrubber, we feel that this current superheater can 

be expected to at least double the life of the second unit and give us 20,000 

or more operating hours. Postulating this to a one boiler plant operation, 

this means a five year or more life. It is significant to note that the 

Hydraulic Ram Feeder recently installed has allowed improved combustion, 

improved fuel/air control and is expected to extend boiler tube life through­

out the unit by improving our combustion process. 

Generating Tubes - Reference Figure 1, Item 3 
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· Failures of generating bank tubes occurred in 1978, following 11,000 

hours of operation. Failures were in the cavity between the first and second 

tube bank in the area of the soot blowers. Ultrasonic thickness testing deter­

mined that tube wastag~ had occurred throughout the first bank and into the 

first three rows of the center bank. Replacement tubes were equipped with angle 

iron shields in the path of the soot blowers. Again, we learned in 1978 on soot 

blowing prectice in the generating bank of the boiler what we learned in 1976 

on the superheater, i.e., to reduce soot blowing frequency. Accordingly, soot 

blowing has been reduced from once per day to a 4 to 6 day frequency, such 

frequency determined by monitoring of boiler exit gas temperatures. 

Soot blowing, as practiced in industrial and power boilers, is to keep 

boiler surfaces clean and boiler efficiencies up. We have had to readjust our 

thinking on solid waste. It is clear that a dirty boiler, up to the limit of 

heat transfer capability and boiler water circulation, is the way to operate 

to minimize contact between corrosive furnace gasses and boiler surfaces. 
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Front Wall Tubes - Reference Figure 1, Item 4 

In December, 1978, six months after generating tube failures at approx­

imately 13,000 operating hours, failures of front wall tubes occurred. Twenty 

foot long panels were added and an additional two feet of silicon carbide was 

added to studded tubes at the bend in the bottom of the front wall. 

Upper Side Walls - Reference Figure 1, Item 5 

In June, 1979, six months after front wall tube failures or at approxi­

mately 15,000 operating hours, we experienced a series of failures in the side­

walls above the silicon carbide. This necessitated replacement of twenty foot 

long panels. In these panels we added .015" (.038 cm) to tube wall thickness 

and metallized with aluminum to an additional .010" (.0254 cm). 

Economizers 

We have no evidence of corrosion in the economizers. These have been 

trouble free from start up. Soot is blown daily in the economizers. 

It is significant to note that this confirms the Gennan experience and 

Battelle studies and reports which indicate that waterwall boiler surface chlo­

ride ~ttack decreases as a problem when temperatures of the gasses are reduced 

to sooo F (426° C). We must accept as a fact that boiler tube surface corrosion 

is c0Im11on and that chlorides are c0Im11on to municipal solid waste. 

Current Status - Boilers 

The boiler tube replacement to date has involved large parts of the 

waterwall furnace. However, the top ten feet of tubing on the front wall and 

sidewalls is original installation. Also, the rear wall below the burners is 

original, as is the major part of the center bank of generating tubes and the 

entire rear bank. 
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We have attemptetl to monitor tube wall thickness by ultrasonic testing. 

Our experience with this tedmique has shown that it is not a reliable test on 

a badly pitted surface. 

Present boiler operation, with adequate draft and a fuel feed control, 

has improved to the po.int that combustion is now being completed in the lower 

part of the furnace. We believe that tube wastage is now a significantly slower 

process than that which accompanied our early operating conditions. 

Historically, Nashville Thennal boiler availability has been 50%. 

We do anticipate problems with original boiler tubing in the roof tubes, 

the top 10 feet of the side walls and the top 10 feet of the front walls. 

Boiler ratings on solid waste, on the original design data, now some 

ten years old, were 360 tons per day (327 mTPD) with solid waste at 6000 BTU/# 

(13.97 J/kg). Subsequently, we have increased boiler ratings to 530 tons per 

day (481 mTPD) based on as fired BTU of 4500 B11J/# (10.48 J/kg). Original 

steam ratings of 109,000 #/Hr (49 mTPH) on solid waste have been increased to 

125,000 #/Hr(S7 mTPH), giving the same capacity on solid waste as the original 

ratings on gas or oil. This accomplishment has been made possible by a conser­

vative boiler-furnace design and a series of boiler tD1dercarriage modifications 

and improvements. 

On January 9, 1979, we burned 590 tons (535 m tons) of solid waste in one 

boiler, 64% over original design capacity. 
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Plant ratings must be placed in proper coutext to properly evaluate 

plant performance. Fol lowing is a tabulation which attempts to place ratings 

in perspective: 

BO I U:R R/\TI NGS 

Original Nominal 
Nameplate Uprating Plant Operation 

Solid Waste 360 TPD 530 TPD 400 TPD 
Tons Per Day (327 mTPD) (481 mTPD) (363 mTPDJ Average 

Solid Waste 131,400 TPY 193,450 TPY 146,000 TPY 
Tons Per Year (l l9, 20u mTPY) (] 7 5 , 4 98 mTPY) (132,450 mTPY) 

Steam Rating 109,000 11/llr 125,000 II/Hr 100,000 #/Hr 
Solid Waste ( 4 ~ mTPI 1J (57 mTPJJ) ( 4 5 m'J'Pll) 

Steam Rating 125,00U ff/llr 125,000 ff/Hr Not Applicable 
Gas or Oil ( 5 7 mTPIIJ ( 5 7 mTPII) 

Table 5 

Our upruting of the hui lcrs thus does not place us in an overload situ­

ation, but rather proves out that the capacity on solid waste is up to the 

design capacity on gas or oil.· 

The literature often refers to the plant as a 720 (653 mTPD) ton/day 

plant. In actual practice and in future plant operations as well plant capacity 

will be 140,000 (J27,009 mT) tu 160,000 (145,152 mT) tons per year or 400-440 

(361-399 mTPD) tons/day. This is basic and results from plant loads which are 

dependent on weather, pl..mt load factor (which is about 60%), boiler availability 

and peak loading. 

In operation we nonnally steam at 100,000 ti/hr (45 mTPH) steady state. 

Sterun not used for customer load and chilled water production is dumped to the 

Surplus Stean1 Condenser. Only in high load periods, i.e.,outside temperatures 

below 20° F (-6.0° C) do we operate at higher boiler ratings. 
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Refuse Fuel Burning Systems 

The refuse fuel burning system consists of the Stoker, a Hydraulic Ram 

Feeder, a Siftings Collection and Removal System, an Ash Hopper and a Hydraulic 

Power Drive and Control System. All this constitutes the boiler undercarriage, 

a vital part of the entire system which detennines boiler reliability and boiler 

availability. 

The modifications and improvements to the Refuse Fuel Burning System have 

been accomplished by Thermal personnel and the equipment supplier. The major 

items are as follows: 

• Addition of a Hydraulic Ram feeder to replace the original Feed Grate. 

• Redesign and rebuild of the Grate Support Structure. 

• Elimination of Annor Block on Lower Side Walls and replacement with 

refractory coating on Studded Tubes. 

• Isolated Siftings Removal Drive from Grate Drive. 

• Installed Dual Grate Drive on first two Burning Grates. 

The reciprocating grate stokers at Thennal require grate replacement on 

an average of four times per year. This is an average of three months or 2000 

to 25QO operating hours per set of grates. 

This is inherent in the design of a reciprocating grate, coupled with 

our operation on a continuous 24 hour per day full load basis. 

Occasional grate breakage can force an outage. Such unplanned outage may 

be repaired in from four to ten hours. 

No discussion of incinerators would be complete without a mention of 

clinkers. A clinker is a mass of material, hardened and heat sealed on the out­

side which can block grates, break grates and force shutdown. Following shut­

down these clinkers can require the use of pavement breakers to break up and 

remove them from the grate. In the past we have attributed clinkering to the 

feed stock. Chemical analysis has convinced us that clinkers are not a feed 



18 

stock related problem. Rather they result from unstable feed an<l a non-uniform 

fuel bed and hot spots followed by cooling of the outside of the mass. 

Our recent experience with a Ram Feeder has been very successful. We 

now regard this modification as going a long way toward eliminating clinkering. 

It further gives us a controlled fuel bed height and fuel-air ratio control. 

The feeder has eliminated the four foot high bed of material that was gravity 

fed into the furnace. 

Electrostatic Precipitators 

The Electrostatic Precipitators, the first of which went in service in 

September, 1976, the second in August, 1977, have enabled the turnaround of this 

project. Interestingly enough it is not generally realized that both the design 

engineer and the backers of the project wanted to install Electrostatic Precip­

itators in 1970, when initial concepts were being developed. Financial con­

traints, along with construction cost escallations during the period 1972-1975, 

prevented installation of Electrostatic Precipitators and in fact resulted in 

other equipment omissions from the plant. 

Particulate emissions on our Electrostatic Precipitators in five certified 

tests ranged from .0068 to .00103 Grains per Standard Cubic Feed corrected to 12% 

co2 vs the EPA limit of .08 Gr/SCF corrected to 12% CO2. This is 8.5% to 13% 

of allowable. In more practical terms this emission level is in the range of 

50-75 #/Day (23-34 kg/Day) with a catch by the Electrostatic Precipitators of 

6000-8000 #/Day (2722-3629 kg). With the exception of wintertime vapor pll.Uiles 

our stacks contain no visible emissions. 

Operation and maintenance of the Electrostatic Precipitators has been 

generally good tmtil the winter of 1978-1979. At this time it was discovered 

that the tmits were not properly seal welded during the erection period and 
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that in addition both the top deck plate and the lagging over the thennal 

insulation were not properly sealed. Resulting water migration into the unit 

caused ntnnerous hopper pluggages. Extensive effort was required to properly 

seal up the units. This effort continues. 

Refuse Pit 

The ideal solid waste storage would be a first-in, first-out system. 

A pit from which material is reclaimed is a first-in, last-out system. To 

properly manage the operation of our pit it is necessary to empty it completely 

on a regular basis. We accomplish this by a complete clean out of one half of 

the pit weekly. The following week we clean out the other one half. This 

management prevents putrefaction, spontaneous combustion, methane generation, 

densification and concentration of wet material in the bottom of the pile. We 

have no significant odor problem in our normal operation. We also have elimi­

nated most of the fire hazard potential by these operating procedures. 

Chilling Plant 

The Chilling Plant at Thermal is a conventional facility with steam 

turbine driven plUilps and chillers. The export steam and chilled water lines 

leave the Chilling Plant underground. 

The most significant improvement in the Chilling Plant is the replacement 

of a single Surplus Steam Condenser with two new tmits, installed in line with 

the refrigeration condensers and the surface condensers on the 7500 H.P. chiller 

turbine drives. These new tmits have added to plant reliability and have been a 

factor in holding down maintenance costs of the original Surplus Steam Condenser. 

Since our heat balance and our standard operating procedures are to steam at 

steady state conditions, we are condensing surplus steam alnDst all the time 

except during maximtnn peak load periods. 
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Other recent Chilling Plant improvements are as follows: 

• Improved Ventilation 

• Annunciator m1d Control Panels 

• Export Steam and Chilled Water Metering 

• Improved Water Treatment and Control Equipment 

The Chilling Plant contributes approximately 50% of our revenues. 

Other Plant and Equipment 

As in any power plant, numerous ptunps, compressors, instrument and control 

systems, fans and motors are an integral part of the plant. Our plant is divided 

into two physical plants, the Heating Plant and the Chilling Plant. Auxiliary 

equipment is time teste<l and reliable power equipment, now operating with mini­

mum problems in a continuous 24 hour-per-day operation. Recent modifications 

in the Heating Plant include the follow:ing: 

• Instrument Air Compressors 

• 1V l\bnitors on Boilers 

• Improved Ventilation 

• Remote Control of Stoker Drives 

• Improved Burner Controls on B 4 W Boilers 

• Power Factor Correction 

Conclusions 

Numerous proprietary interests claim credit for "straightening out" 

Nashville Thermal. While many of these interests were represented, it is signi­

ficant to note that the Corporation itself, its management and staff along with 

the Metropolitan Government of Nashville-Davidson County, the two Mayors involved 

over the lifetime of the project, the Metropolitan Cm.mcil, the Thermal Board of 

Directors, our Legal Counsel, Officials of the State of Tennessee and last and 
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most important the Employees of Thermal, who were the driving force that ma<le 

this project the success it is today. Thermal is entirely a Nashville accomp­

lislunent. Not one nickel of Federal FW1ds were involved in this project. 

The entire effort is a credit to a group of positive thinking individ­

uals, who had enough guts to try something totally new and later on to tackle 

and solve the problems encoW1tered. 

Nashville Thennal, ten years after its conception, has proven the vision 

and foresight of the Nashville Co1mnW1ity by fulfilling the role it was created 

for. The physical plant is a for better plant than a multitude of critics have 

reported and represents an achievement of American technology. Again, teclmology, 

in our view breaks down to solid, basic, hard nosed and sometimes "dirty shirt", 

"hands on" engineering effort. 

Earlier reporting of Nashville emphasized post-mortems. Today, I report 

on one of America's success stories in Resource Recovery. 

Today we see a climate demanding "risk-free" ventures. Realistically, 

there is no such thing, risk being a part of every project, private and public. 

Nashville Thermal, ten years later, does prove the following: 

• A resource recovery plant is an expensive plant to build and is 

expensive to operate. The economics of scale appear to favor plants 

larger than Nashville Thermal. 

• Energy sales alone cannot support a resource recovery venture. Front 

end money, or a disposal fee is required to make the venture financially 

SOWld, 

• Continuing engineering effort is demanded in plant operation and mainte­

nance. One cannot simply design, build and forget. These plants 

deserve the kind of ongoing effort that any other technical project in 

our society receives, i.e., high level of technical and professional 

competence. 
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• Solid waste fuel is hostile, non-homogeneous and rc4uires a consid­

erable amount of "lmow how'' to successfully burn. 

• Boiler tube wastage is a continuing problem and must be considered 

a cost of doing business. 

• America needs more of these plants. 

• ·Resource recovery plants must have the unqualified support of the 

Municipal Governments involved. They simply connot operate without 

this support. 



• BIBLIOGRAPHY 

Beck, R. W. & Associates, "Annual Survey and Report," as of May 31, 1979, 
Nashville Thennal Transfer Corporation. 

Ben1heisel, J. Frank "Nashville." N. C.R. R. Bulletin, Vol. 9, No. 1, 
(March, 1979) p. 14. 

23 

Buhler, Franchot "Is There Gold Among the Garbage?" SKY-Delta Airlines Inflight 
Magazine, (April, 1979) p. 11. 

Clunie, Jeffrey A., and Taylor, Robert G. "Elements of Financial Risk." ASME 
National Solid Waste Processing Conference. 

Engdahl, R. B. "Identification of Technical and Operating Problems of Nashville 
Thermal Transfer Corporation Waste To Energy Plant." Battelle Columbus 
Laboratories, (February 25, 1976). 

Heidenreich, Peter A. "Nashville Develops A Solid Waste System." Solid Waste 
Systems, Vol. 3, No. 1, (January-February, 1974), p. 3. 

Levy, Steve, and M:Ewen, Larry, "Can Nashville's Story Be Placed In Perspective." 
Solid Waste Management, (August, 1976). 

Bozeka, Carl G. "Nashville Incinerator Performance Tests, Babcock & Wilcox. 

"Nashville's Trash Crisis." Business Week, (February 23, 1976). 

"Nashville Thermal Back On Track, Proves Value During Big Freeze." Solid Waste 
Systems, (March-April, 1977). 

Miller, P. D. "Fireside Metal Wastage In Mt.micipal Incinerators." Battelle & 
Research Report, (April 28, 1972). 

Patton, S. R. & el al. "They're Making A Successful Trash Energy Swap In Nashville." 
Resource Recovery & Energy Review, Vol. 4, No. 4, (Fall, 1977), p. 22. 

Rochford, R. S. and Witkowski, S. J. "Superheater Tube Corrosion on Mt.micipal 
Solid Waste Fired Boilers At Nashville." (September 19, 1976). 

Vaughan, D. A., et al, "A Study of Corrosion In Mt.micipal Incinerators Versus 
Refuse Composition," Battelle Columbus Laboratories, PB-238-747. 

Wilson, Maurice J., I. C. Thomasson & Associates. "A Chronology of The Nashville, 
Tennessee Incinerator With Heat Recovery and The Compatible Central Heating 
and Cooling Facility." ASME, 1974 Incinerator Conference. 

York, Max. "Life Is Cooling Off At The Thermal Plant." Nashville Tennessean 
Magazine, (December, 1977), p. 7. 




