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This paper is an excellent documentation of the opera
tional problems associated with the Multiple Hearth 
Furnaces (MHFs) at the Manchester WPCF. Further, the 
paper provides convincing arguments that the use of the new 
Fluid Bed Incineration System (FBIS) will solve most (if not 
all) of the problems that were experienced. Presumably the 
authors did not yet have sufficient test information available 
at the time of the writing of this paper to discuss the perfor
mance of the new FBIS, because this would have been quite 
an interesting addition to the paper. In particular, some per
formance questions would be as follows. 

(a) Is it possible to operate satisfactorily with less than 
30% excess air? 

(b) Is the temperature increase in the freeboard above the 
bed as expected? 

(c) What emissions resulted from the operation 
(d) Have any bed agglomerations been observed? 
Comments on the text are the following: 
(e) It is not clear by the description of the fluidizing tuy

eres how backsifting of sand into the tuyeres during shut
down will be eliminated. 

(f) It is clear that the dome water spray will provide a 
method of controlling the freeboard exit temperature with a 
rapid response time. It is not as clear why the water spray 
nozzles are required in the bed itself. Couldn't the bed tem
perature be reduced by reducing fuel oil feed, or perhaps by 
bypassing air around the air preheater? What is the limiting 
bed temperature? 
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AUTHORS' REPLY 

Data from the Acceptance Testing of the Fluid Bed 
Incineration System (FBIS) are now available and are pre
sented in Tables 1, 2, and 3. In general, the FBIS performed 
quite well and easily passed its design criteria. Emissions of 
particulate, carbon monoxide, total hydrocarbons, nitrogen 
oxides, and sulfur dioxide were all very low. The FBIS has 
been in intermittent operation (dependent on sludge avail
ability) since April 1994, and it has proven to be a much 
more stable and easily operable system than the MHFs. It 
should be emphasized that most of the operating problems 
encountered with the Manchester MHFs (Le.. smoky and 
odorous emissions) were attributable to the variability of the 
sludge feed. The variability was due to poor mixing and 
blending of the primary and secondary sludges prior to de
watering. The FBIS was readily able to handle the variabil
ity in the sludge feed and still achieve stable and essentially 
complete combustion. 

(a) Fluid bed incinerators combusting sewage sludge gen
erally are designed for 30-45% excess air. Operation at less 
than 30% excess air may result in incomplete combustion 
and may adversely affect emissions. The Manchester FBIS 
has always been operated at approximately 40% excess air. 
Operation at 30% or less excess air has not been attempted. 

(b) The difference in temperature between the bed and 
freeboard represents the amount of freeboard burning. A cer
tain amount of freeboard burning is inevitable. Generally, 
less than 200°F of freeboard burning is desirable, and 
250-3OO°F of freeboard burning is considered excessive. 
The Manchester FBIS had bed to freeboard temperature dif
ferentials of 234-250°F, indicating a significant but not ex
cessive amount of freeboard burning. 

(c) Air emissions data are presented in Table 3. 
(d) Through June 16, 1994 the FBIS had over 600 hr of 
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operation and no indication of bed agglomeration has been 
observed. 

(e) The tuyeres are cone shaped with flat, disc-shaped 
tops. The flat plate on top has numerous slits which have 
been punched into the plate. The opening of each slit is ap
proximately the same diameter as the finer grain sand in the 
bed. The slits are oriented such that the fluidizing air must 
flow horizontal to the plate to pass through the slits. 
According to the manufacturer, it is the size and orientation 
of the slits which cause the sand to bridge and prevent back
sifting when the unit is shutdown. 

(f) It was found during preliminary operations that the re
actor-side-wall water spray nozzles and the water injection 
guns in the bed were not necessary, and they have been taken 
out of service. In general, the bed temperature is always very 
stable, varying approximately ±soF, even though the sludge 
feed rate and feed characteristics vary significantly. The sta
bility of the bed is undoubtedly due to its large thermal in
ventory, and hence large thermal inertia. Although the bed 
temperature is stable, the freeboard temperature can vary 
considerably from 1450 to 1 600°F during transient feed con
ditions. 

Discussion by: 

Ben C. Wester 
Havens and Emerson 

A Division of Montgomery Watson Americas, Inc. 
Cleveland, Ohio 

The paper was well written. I have only three comments: 
(a) In the third paragraph following the heading "Short 

Term Improvements," I believe the word "off' should be 
changed to "from" to make the sentence read, "The clinkers 
would break from the rabble teeth and get rabble through the 
furnace." 

(b) In the second paragraph following the heading 
"Particulate Emissions," it was mentioned that the feed rate 
dropped, corresponding to a hearth loading rate of 4.48 wet 
lblhr-ft2. The writer should go further and explain that a 
mUltiple hearth is roughly sized using 8- 10 wet Iblhr-ft2, 
thus showing that the capacity/loading is about one-half of 
what would be expected. 

(c) Lastly, in the first, second, and fourth paragraphs fol
lowing the heading "Fluid Bed Incineration System at 
Manchester, NH WPCF," the following design criteria are 
given: 

• Design feed rate: 
• Percent solids of sludge feed: 
• Reactor diameter at the bed: 

43 DTPD 
22% 
14 ft 

73 

We would not expect a l 4-ft diameter fluid bed incinera
tor to have this capacity. 

AUTHORS' REPLY 

(a) Your rewording is correct. 
(b) Multiple hearth incinerators are typically sized to han

dle 8+ wet Iblhr-ft2 and thus the 4.48 wetllb-ft2 loading rate 
indicates that the capacity of the MHF had been reduced to 
about half of what would be expected. 

(c) The l 4-ft diameter is at the bottom of the bed. The top 
of the bed and the freeboard are 17 ft in diameter. During the 
Acceptance Testing, the solids content of the sludge feed av
eraged only 14.86%, significantly less than the design solids 
content (22%). However, as shown in Table 1 and 2, the 
FBIS was able to meet its capacity requirement in terms of 
total Btu input; namely, minimum of 32 MM Btulhr. 

Discussion by: 

Ky Dangtran 
Niro Inc. 

Columbia, Maryland 

(a) Gas spatial velocity in the freeboard is 3 ft/sec, which 
is very high. What is the sand loss (in terms of % bed in
ventory per 24 hr)? 

(b) You have a very special hot wind box with a metallic 
distribution plate. What is the material used and what is the 
pressure loss across the plate? 

AUTHORS' REPLY 

(a) During the Acceptance Testing, the FBIS was loaded 
above its design total Btu input of 32 MM Btulhr. As a re
sult, the freeboard superficial space velocities ranged from 
3.6 to 3.8 ft/sec which are quite high. However, the sand loss 
was 2 1 1blhr, which is not excessive. Since the total bed con
tains approximately 123,000 Ib of sand, the sand loss in 24 
hr is approximately 0.4 1 % of the total bed inventory. Sand 
loss is also largely dependent on the type of sand used. At 
Manchester, the sand used is Olivine, sp. gr. 3.2-3.4. 

(b) Yes, this is one of the first hot windbox fluid bed in
cinerators using a metallic distribution plate with such a high 
preheated air temperature ( l200°F). The air distribution 
ducts are constructed of Type 3 10 stainless steel and the tuy
eres are constructed of Type 330 stainless steel. The pressure 
drop across the tuyeres is 20-25 in. w.c. at design condi
tions. 



Initial Year: 

ERRATA 

In the "Appendix - Design Criteria of Fluid Bed 
Incineration System," under the heading "WWTP Solids 
Loadings," change the third and sixth lines to read as fol
lows: 

U.S. Units S.1. Units 

Scum (dry) (7 day basis 7550 Ib/week 3420 kg/week 

Design Year: 
Scum (dry) (7 day basis) 12,0301b/week 5460 kg/week 
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