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1 .O INTRODUCTION 

1.1 BACKGROUND AND REGULATORY OBJECTIVES 

proposed in the form of emission guidelines under the authority of Section 
lll(d) of the Clean Air Act (CAA). 
specific regulations for their existing MWC's consistent with the Federal 
guidelines. This rulemaking will force some facilities to retrofit 
combustion systems and add-on emissions control. The purpose o f  this 
document is to identify the major categories of MWC's in the population and 
evaluate the technical feasibility, environmental benefits, and cost impacts 
of various retrofit options. Representative model plants have been 
developed and will serve as the basis for these evaluations. 
technical feasibility and cost impacts of applying retrofit control options 
are site-specific, it is expected that the model plant retrofit evaluations- 
will address the majority of site-specific situations that will be 
encountered in retrofitting controls to the full MWC population. 
1.2 OVERVIEW OF EXISTING MWC POPULATION 

Regulations for existing municipal waste combustors (MWC's) will be 

States will be required to develop 

Although the 

There are currently about 160 MWC's in operation. Three main types of 
combustors are used: mass burn, modular, and refuse-derived fuel (RDF)- 
fired. The first type is called "mass burn" because the waste is combusted 
without any pre-processing other than the removal of large noncombustible 
items. In a typical mass burn combustor, refuse is placed on a grate system 
that moves the waste through the combustor. Combustion air in excess of 
stoichiometric amounts is supplied both below (underfire air) and above 
(overfire air) the grate. 
and range in size from 50 to 1,000 tons per day (tpd) of refuse throughput 
per unit. The majority of mass burn facilities have two or more combustors 
and many have site capacities of greater than 1.000 tpd. 

refractory-wall designs. 
energy in the form of steam. Refractory-wall combustors are used for waste 
volume reduction and do not recover energy. Most refractory-wall combustors 
were built prior to the early 1970's. Newer units are waterwall designs. 

Mass burn combustors are usually field-erected 

The mass burn category can be further divided into waterwall and 
Waterwall combustors are designed to recover 
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Modular combustors also burn waste without pre-processing, but they are 
typically shop fabricated and generally range in size from 5 to 120 tpd of 
refuse throughput. 
the starved-air or controlled-air type, incorporating two combustion 
chambers. 
substoichiometric levels. 
secondary combustion chamber where excess air is added and combustion is 
completed. 
larger, mass burn units, uses excess air in the primary chamber. 
additional air is added in the secondary chamber. 

The third main combustor type burns refuse derived fuel (RDF). This 
type of combustor burns a more refined waste which may vary from shredded 
waste to finely divided fuel suitable for co-firing with pulverized coal. 
Most systems that are designed to burn RDF use a spreader-stoker combustor. 
The RDF is burned in a semi-suspension mode. Feeding is accomplished using - 
an air-swept distributor. 
introduced beneath the grate by a single plenum. 
through rows of high-pressure nozzles. 
1,400 tpd. 
capacities range up to 3,000 tpd. 

majority of MWC‘s. 
refractory-wall combustors, and 25 plants with waterwall combustors. 
are over 50 plants with modular starved-air combustors and about 10 plants 
with modular excess air combustors. Refuse-derived fuel combustors are used 
at about 17 plants, and there are 3 existing plants with rotary waterwall 
combustors. Since modular combustors tend to be much smaller than mass burn 
and RDF combustors, they account for a lower percent age of the national 
capacity despite their greater numbers. 

of MWC’s. 
pre-processing but have a different design from most mass burn units. 
are also a few fluidized-bed combustors (FBC’s). 

One of the most common types of modular combustors is 

Combustion air is supplied to the primary combustion chamber at 
The incomplete combustion products pass into the 

Another type of modular combustor, functionally similar to 
No 

Underfire air is normally preheated and 
Overfire air is injected 

Combustor sizes range from 320 to 
Most RDF facilities have two or more combustors, and site 

In terms of numbers, modular and mass burn units account for the 
There are currently about 24 plants with mass burn 

There 

The remaining MWC population is made up of small numbers of other types 
For example, rotary waterwall combustors burn waste without 

There 
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1.3 ORGANIZATION OF REPORT 
This document Is dlvided into two basic parts: (1) Introduction 

(Sections 2.0 and 3.0), and (2) case studies. 
overview on the selection and development o f  model plants, pollutants and 
emission rates, and technologies for controlling MWC air emissions. Case 
studies for model facilities are presented in Sections 4.0 through 10.0. 
Sectlon 4.0 contains case studies for three mass burn refractory-wall 
combustors with different grate configurations. 

waterwall models. 
small RDF-fired model. 
modular starved-air combustor. 
modular excess-air model. 
watemall combustor. 

to represent project lll(d) facilities. These are facilities which will 
comnence constructlon prior to November 1989 and will be subject to the 
lll(d) guidelines. Each of these model plants i s  generally similar to one 
of the existing model plants in Sections 4.0 through 9.0. 

In sections where more than one model of similar type is presented, 
there is an introductory section which provides discussion relevant to all 
of the case studies in that section. 

gather information for model development, as well as a detailed description 
of the model itself. The remaining subsections of each case study detail 
the possible retroflt control options as well as the environmental and the 
cost impacts of implementlng each option. 

The introduction provides an 

Section 5.0 contains case studies for three different sized mass burn 

Section 7.0 contains case studies for two types o f  
Section 6.0 contains case studies for both a large and 

Section 8.0 presents a case study for a 
Section 9.0 presents a case study for a rotary 

Section 10.0 presents summaries for model plants which were developed - 

Each case study contains a description of an actual facility visited to 

1-3 



2 .O BACKGROUND AND METHODOLOGY 

2.1 SITE SELECTION AND DEFINITION OF MODEL PLANTS 

o f  the  roughly  160 e x i s t i n g  MWC‘s, a model p l a n t  approach was chosen t o  
evaluate the  impacts o f  r e t r o f i t  con t ro ls .  The i n i t i a l  s tep i n  se lec t i ng  
model MWC’s f o r  study was t o  def ine key c r i t e r i a  f o r  ca tegor i z ing  the  
popu la t ion  o f  e x i s t i n g  combustors. Major categor ies o f  combustors inc lude:  

Due t o  the  i n f e a s i b i l i t y  o f  conducting s i t e - s p e c i f i c  evaluat ions o f  each 

o Mass Burn Watemal l  F a c i l i t i e s  
o Mass Burn Refractory  F a c i l i t i e s  
o Refuse-Derived Fue l -F i red  (RDF) F a c i l i t i e s  
o Modular F a c i l i t i e s  

f a c i l i t i e s  based on combustion technology. However, w i t h i n  each o f  these 
groups there  are combustion technologies w i t h  d i s t i n c t  design features which- 
requ i re  fu r the r  subcategor izat ion.  For example, there  are modular f a c i l i t i e s  
designed t o  operate i n  an excess-a i r  mode wh i le  others have a s ta rved -a i r  
pr imary chamber fo l lowed by an excess-air  secondary chamber. Such design 
features s i g n i f i c a n t l y  in f luence the  techn ica l  f e a s i b i l i t y  and cost  impacts 
o f  r e t r o f i t  con t ro l  opt ions.  Furthermore, s ize  d i s t r i b u t i o n s  i n  some 
categor ies warranted subcategor i zat  i on by s ize  . 

The e x i s t i n g  MWC populat ion was d i v ided  i n t o  12 categor ies,  and a p l a n t  
i n  each category was v i s i t e d  t o  gather in fo rmat ion  f o r  representa t ive  model 
p l a n t  development. 
i s  contained i n  memoranda as Appendix A t o  t h i s  repor t .  Table 2.1-1 
i d e n t i f i e s  the  s i t e s  v i s i t e d  and provides in fo rmat ion  on the  combustor type, 
size, age, and a i r  p o l l u t i o n  con t ro l  device (APCD) appl ied a t  each s i t e .  

Based on the  p l a n t  inspect ions and in fo rmat ion  on the c h a r a c t e r i s t i c s  
o f  MUC‘s i n  each category, model p l a n t  parameters were developed f o r  each 
category. 
respects f r o m  the  v i s i t e d  p l a n t  i n  order  t o  b e t t e r  represent the  category as 
a whole. I n  a d d i t i o n  t o  the  12 model p l a n t s  developed t o  represent e x i s t i n g  
MwC’s, 5 model p l a n t s  were developed t o  represent p lan ts  c u r r e n t l y  under 
cons t ruc t ion  which w i l l  be subject  t o  the  l l l ( d )  emission guide l ines,  and due 
t o  s ize,  combustion technology, o r  o ther  fac to rs  are s i g n i f i c a n t l y  

These categor ies provided a l o g i c a l  s t a r t i n g  p o i n t  f o r  grouping 

A d e t a i l e d  d iscuss ion o f  the  r a t i o n a l e  f o r  s i t e  se lec t i on  

I n  some cases, t he  model p l a n t  parameters d i f f e r e d  i n  some 
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d i f f e r e n t  from the model p l a n t s  f o r  e x i s t i n g  MWC’s. Table 2.1-2 l i s t s  
in fo rmat ion  on a l l  17 model p l a n t s  developed, inc lud ing  combustor type, 
number, size, and APCD. Fur ther  d e t a i l s  on s i t e s  v i s i t e d  and development o f  
t h e  model p l a n t  parameters are contained i n  Sections 4.0 through 10.0 o f  t h i s  
document. 

2.2 WASTE CHARACTERIZATION AND EMISSIONS 
Each case study presents in fo rmat ion  on base1 i n e  p o l l u t a n t  emissions, 

emissions reduc t ion  achievable w i t h  r e t r o f i t  con t ro ls ,  costs o f  con t ro ls ,  and 
o ther  environmental impacts i n c l u d i n g  q u a n t i t i e s  o f  s o l i d  waste (combustor 
bottom ash and f l y  ash) generated w i t h  each c o n t r o l  a l t e r n a t i v e .  
sec t ion  discusses waste character izat ion,  MWC a i r  emissions, and MWC residues 
(ash). 
2.2.1 

p l a s t i c s ,  food, yard  wastes, glass, fe r rous  and nonferrous metals, and many 
o ther  mater ia ls .  The composition o f  MSW received by a s i n g l e  MWC var ies  
s i g n i f i c a n t l y  from day-to-day as w e l l  as seasonally. 
d i f f e r e n t  reg ions o f  t h e  country and d i f f e r e n t  loca les  w i t h i n  t h e  same region 
e x h i b i t  s i g n i f i c a n t  d i f ferences.  The ex ten t  o f  mater ia l  r e c y c l i n g  
accomplished by waste disposers p r i o r  t o  d e l i v e r y  t o  the MWC f a c i l i t y  a lso  
has a s i g n i f i c a n t  impact on waste composition. 

I n  t h i s  study, two model waste compositions were used, one represent ing 
unprocessed waste and t h e  o ther  represent ing processed wastes r e f e r r e d  t o  as 
refuse-der ived f u e l  (RDF) which i s  MSW t h a t  has been shredded, and from which 
most o f  t h e  noncombustibles such as f e r r o u s  metals and g lass have been 
removed. 
presented i n  Table 2.2-1. 
modular MWC’s w h i l e  processed waste i s  burned i n  RDF-f ired f a c i l i t i e s .  
2.2.2 P o l l u t a n t s  o f  Concern 

This  

)Jaste Ch a r a c t e r i  za t  i oq 
Municipal  s o l i d  waste (MSW) i s  a h i g h l y  v a r i a b l e  mix tu re  o f  paper, 

I n  addi t ion,  MSW i n  

The assumed chemical compositions o f  these two waste types are 
Unprocessed waste i s  burned i n  mass burn and 

The s i x  a i r  p o l l u t a n t s  addressed i n  t h i s  analys is  are: 
1. 
2. carbon monoxide (CO) 
3. p a r t i c u l a t e  mat ter  (PM) 
4. t r a c e  metals 
5. hydrogen c h l o r i d e  ( H C l )  
6. s u l f u r  d i o x i d e  (SOz) 

po lych lo r ina ted  dibenzo-p-dioxins and dibenzofurans (CDD/CDF) 
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TABLE 2.2-1. TYPICAL WASTE FEED C O M P O S I T I O N ~ ’ ~  

Comoositlon ( %\ 

Constituent Unprocessed Waste RDF 

Carbon 25.6 33.8 

Hydrogen 3.4 4.5 

Oxygen 20.3 27.9 

Sulfur 0.2 0.2 

Nitrogen 

Water 

0.5  

25.2 

0.5 - 
25.2 

Chlorine 0.5 0.4 

Inerts (ash) 24.3 7.5 
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A brief discussion of the formation mechanisms for each of these pollutants 
and the basis for estimating baseline emissions is provided in the following 
section. 

CDD/CDF 
Only a small portion of the existing MWC’s have been tested for CDD/CDF. 

Furthermore, available measurements of CDD/CDF from the existing population 
of combustors are highly variable. 

PCDF’s from MSW combustion systems. 
breakthrough of unreacted PCDD/PCDF present in the raw refuse. 
samples at several facilities have identified trace quantities of CDD/CDF, 
there is general agreement that air emissions of CDD/CDF from MWC’s are n o t  
primarily the result of these trace quantities in waste feed. 
plausible theory involves the conversion of species referred to as precursors 
which are of similar structure. For example, relatively simple reactions can 
convert chlorophenols and polychlorinated biphenyls to PCDD/PCDF‘s. 
precursors can be in the refuse and can be produced by pyrolysis in 
oxygen-starved zones. A third mechanisms involves the synthesis of PCDD/PCDF 
from a variety of organics and a chlorine donor. A fourth mechanism involves 
the downstream formation of PCDD/PCDF due to the catalytic reaction of heavy 
organics and a chlorine donor. 
suggests that maximum COD/CDF formation occurs at temperatures of 
approximately 5OO0F to 60OoF. 
reactions are slowed considerably. 
c arbon? 

hydrocarbons. Additional air then reacts with the gases escaping from the 
fuel bed to convert CO and H2 to C02 and H20. Adding too much air to the 
combustion zone will lower the local gas temperature and quench (retard) the 
oxidation reactions. If too little air is added, the probability of 
incomplete mixing increases, allowing greater quantities of organics to 
escape the furnace. 
concentration relationship in a mass burn waterwall MWC. 

There are a number of theories concerning the formation of PCDD’s and 
The first theory involves the 

Although MSW 

A more 

The 

The limited data on this fourth mechanism 

At temperatures above 75OoF the formation 

As waste burns in a fuel bed it releases CO, hydrogen (H2), and unburned 

Flgure 2.2-1 depicts the CO concentration versus oxygen 
The curve 



0 3 6 9 IS 12 

OXYGEN CONCENTRATION 

8 - APPROPRIATE OPERATING REGION 
C - "COLD BURNING" 

Figure 2.2-1. Relationship o f  CO and O2 in a mass burn waterwall WC. 
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demonstrates t h a t  CO emissions a r e  minimized i f  an appropr ia te range o f  
oxygen concentrat ion i s  maintained. 

e f f i c i e n c y ,  and are important c r i t e r i a  f o r  i n d i c a t i n g  p o t e n t i a l  i n s t a b i l i t i e s  
i n  the  combustion process. The r e l a t i o n s h i p  between emissions o f  CDD/CDF and 
CO i nd i ca tes  t h a t  h igh  l e v e l s  o f  CO correspond t o  poor combustion condi t ions 
and hence, h igh  CDD/CDF emissions. When CO l e v e l s  are low, however, a range 
o f  CDO/COF l e v e l s  have been observed, and co r re la t i ons  between CO and CDD/CDF 
are no t  we l l  def ined. 
P a r t i c u l a t e  Mat te r  

c h a r a c t e r i s t i c s  and the  phys ica l  nature o f  the  combustor design and 
operat ion.  As s ta ted  prev ious ly ,  f l y  ash q u a n t i t i e s  vary g r e a t l y  f o r  mass 
burn, RDF-fired, and modular s ta rved -a i r  combustors. However, the  l e v e l  o f  

uncont ro l led  PM emissions w i t h i n  each o f  these technologies are r e l a t i v e l y  
consis tent .  

c o n t r i b u t e  t o  a i r  emissions i n  two o the r  ways. 

a p o r t i o n  o f  t o t a l  p a r t i c u l a t e  emissions. Secondly, the  amount o f  p a r t i c u l a t e  
surface area con t r i bu tes  t o  the  a v a i l a b i l i t y  o f  s i t e s  f o r  c a t a l y t i c  reac t ions  
i n v o l v i n g  organic compounds, thus p l a y i n g  a r o l e  i n  p o t e n t i a l  downstream 
format ion o f  CDO/CDF. 
Trace Metals 

PM (e.g., arsenic, cadmium, chromium, and lead) and as a v o l a t i l e  gas (e.g., 
mercury). Contro l  l e v e l s  f o r  PM-associated t r a c e  metals are genera l l y  
s i m i l a r  o r  s l i g h t l y  l e s s  than those associated w i t h  t o t a l  PM. 

v o l a t i l e  t r a c e  metals, such a mercury, i s  less  we l l  def ined and va r ies  based 
on the  opera t ing  p r i n c i p l e s  o f  the  s p e c i f i c  con t ro l  technology used. 
Acid Gases 

the  c h l o r i n e  and s u l f u r  content i n  the  waste. 

content  va r ies  considerably based on seasonal o r  l o c a l  waste va r ia t i ons .  
Actual emissions of SO2 and HC1 from MWC's depend on the  chemical form o f  

Carbon monoxide concentrat ions are good ind i ca t i ons  o f  combustion 

5 

The amount o f  PM e x i t i n g  the  furnace o f  an MWC depends on the  waste 

I n  a d d i t i o n  t o  the  d i r e c t  impact o f  PM emissions, p a r t i c u l a t e s  
F i r s t ,  t r a c e  metals comprise 

Trace metals present i n  MSW are emi t ted from MWC's i n  assoc ia t ion  w i th  

Contro l  o f  

Concentrat ions o f  HC1 and SO2 i n  MWC f l u e  gases are d i r e c t l y  r e l a t e d  t o  
The c h l o r i n e  and s u l f u r  
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s u l f u r  and c h l o r i n e  i n  t h e  waste, t h e  a v a i l a b i l i t y  o f  a l k a l i  m a t e r i a l s  i n  
combustion-generated f l y  ash t h a t  a c t  as sorbents, and t h e  type o f  emission 
c o n t r o l  system used.. 
2.2.3 Basel ine Emissions 

us ing a v a i l a b l e  emissions data from f a c i l i t i e s  s i m i l a r  i n  design and/or 
operat ion t o  each model p l a n t .  
a v a i l a b l e  f o r  a given p l a n t  type, engineer ing judgement was used t o  e s t a b l i s h  
basel ine emission values. 
analys is  o f  t h e  model combustor's design and operat ion r e l a t i v e  t o  p rac t ices  
i n  p lace a t  f a c i l i t i e s  from which emissions data are ava i lab le .  
emission-producing condi t ions,  such as inadequate mixing, inadequate 
combustion c o n t r o l ,  and temperature amendable t o  downstream format ion o f  
CDD/CDF, were considered i n  the development o f  basel ine emission estimates. 
For purposes o f  est imat ing basel ine emission l e v e l s  i t  i s  assumed t h a t  a l l  o f  
the c h l o r i n e  and s u l f u r  i n  t h e  waste are converted t o  H C l  and SO2. The 
r a t i o n a l e  f o r  e s t a b l i s h i n g  t h e  base l ine  uncont ro l led  emission l e v e l s  o f  
CDO/COF, CO, and PM i s  discussed i n  a separate repor t .  
2.2.4 MWC Residues 

One goal o f  the combustion process i s  t o  maximize t h e  reduct ion o f  waste 
volume and minimize t h e  combustible content  o f  t h e  remaining ash residues. 
Residues are c l a s s i f i e d  as bottom ash, cons is t ing  o f  l a r g e l y  i n e r t  mater ia l  
which remains on t h e  waste bed a f t e r  combustion i s  completed, and f l y  ash, 
p a r t i c u l a t e  mat te r  which i s  c a r r i e d  o u t  o f  the combustor w i t h  t h e  combustion 
gases and deposi ted on heat t r a n s f e r  surfaces and c o l l e c t e d  by the APCD's. 
Bottom ash i s  genera l l y  discharged from t h e  combustion chamber i n t o  a water 
f i l l e d  quench p i t .  However, a few e x i s t i n g  MWC's use d r y  ash removal 
systems. F l y  ash no t  c o l l e c t e d  by an APCD i s  discharged through a stack t o  
t h e  atmosphere. The m a j o r i t y  o f  e x i s t i n g  MWC's t r a n s f e r  c o l l e c t e d  f l y  ash 
from hoppers back t o  t h e  ash quench p i t  where i t  i s  mixed w i t h  bottom ash f o r  
co-disposal .  
disposed independently. 

chemical and phys ica l  composition o f  t h e  waste and on combustor design and 

Basel ine emissions f o r  CDD/CDF, CO, PM, SO2, and HC1 were establ ished 

I n  cases where l i t t l e  o r  no data were 

Engineering judgements were made based on an 

Potent ia l  

6 

I n  some cases t h e  two ash streams remain separated and are 

The amount o f  bottom ash and f l y  ash generated i n  an MWC depends on t h e  
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operating conditions. Refuse-derived fuel is much lower in total ash content 
due to waste processing activities which take place prior to combustion. 
However, the physical characteristics of fluff RDF and the manner in which 
combustion takes place (semi-suspension burning) may contribute to higher fly 
ash quantities. By contrast, multiple chamber starved-air modular combustors 
have much lower gas velocities in the primary combustion chamber, resulting 
in lower percentages of total ash being entrained as fly ash. A good measure 
of combustion efficiency is the amount of remaining carbon in the combined 
residues. 
2.3 OVERVIEW OF TECHNOLOGIES CONSIDERED 

Four retrofit control technologies are examined: 
1. good combustion, 
2. flue gas temperature reduction, 
3. PM control, and 
4. acid gas control coupled with PM control. 

Good combustion practices include three elements: combustion design, - 
combustor operation/control and verification of combustor performance. These 
practices promote destruction and inhibit formation of CDD/CDF. In some 
cases, achievement of good combustion practices requires modification o f  

combustor design as well as combustor operating practices and verification 
of combustor performance. 

in the flue gas. Particulate matter control rechnologies reduce particulate 
emissions, including various trace metals. Acid gas controls reduce HCl and 
SO2 emissions as well as PM, CDD/CDF, and condensible particulate emissions. 
Performance levels for each of these four technologies are summarized in 
Table 2.3-1 and are discussed in Sections 2.3.1 through 2.3.4. 
for estimating costs for each of these technologies are presented in a 
companion report and in Appendix B to this report. 

Estimates o f  the amount of time required by an individual MWC for 
regulatory compliance (from notification of retrofit requirements through 
system start-up) and the amount of time an MWC is likely to be out.of service 
during installation o f  equipment are presented in Table 2.3-2. 
and downtime requirements for actual MWC’s will depend on the amount of time 
required to obtain needed Federal, State, and local approvals, the 

Flue gas temperature reduction minimizes downstream formation o f  CDD/CDF 

Procedures 

6 

Compliance 

2-10 



V 

30- - 0  n .. 
Y { i  

. . s 
ii 
W . 
yo 

6 
5 

2 
% 

1 . 
? 

9 

9 

0 

n 

0 

.# 

0 

4 . Y 

4 
P 

D .A 
Y 

I 

B 
d 

u d 

i 

2-11 



uN 
N 

s 

? 
0 

N 

m 

0 

Y) 

N 

ul 
c 

0 
N 

? 
0 

U m 

N 

Q 

n 

Q 

m 

2-12 



site-specific difficulty of retrofitting controls due to site congestion, and 
the ability of vendors to meet equipment delivery schedules. 
2.3.1 Combustion Modifications 

designs. 
emissions from operating MWC’s span at least three orders of magnitude. 
wide range of emissions reflects the variations in combustor designs and 
operating procedures used in the existing MWC population. 

characteristics of facilities representing the existing MWC population. 
Model plants representing subcategories of the existing population were 
developed based on information gathered at the site visits and through other 
sources. Baseline uncontrolled emission levels were established for each 
model using the existing MWC emissions data base, and in some cases, 
engineering judgement. - 

The design and operation of each combustor in this study was evaluated 
against a set o f  criteria that defines good combustion practice. The focus 
of the combustion evaluation was directed primarily toward minimization of 
CDD/CDF emissions. 
on three elements: 

The existing MWC population includes a wide variety of combustor 
Available emissions data indicate that uncontrolled CDD/CDF 

This 

Twelve site evaluations were conducted to examine design and operation 

The criteria defining good combustion practice are based 

1. 

2. Operation/Control - MWC’s must be operated according to their 
design, and control schemes must be in place which prevent 
operation outside of the established operating envelope. 

Verification - Monitors must be in place to verify system 
performance on a continuous basis. 

Design - MWC’s must be designed in a manner that will ensure 
minimization of air emissions. 

3. 

Table 2.3-3 presents a set of criteria against which the performance of 
each model plant was evaluated. 
CDD/CDF emissions are minimized. Recommended values for each of the elements 
are available for most combustion technologies. The recommended values 
ensure that, in the allowable operating envelope, mixing occurs at sufficient 
temperatures to destroy CDD/CDF, and that the potential for downstream 
formation of CDD/CDF is minimized. These are two key premises upon which the 
combustion recommendations are based. Optimizing the mixing process requires 

Satisfying these criteria will ensure that 
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TABLE 2.3-3 .  COMBUSTION PARAMETERS USED TO EVALUATE MWC'S 

Element Component 

Design 

Operati  on/Control 

V e r i f i c a t i o n  

Temperature a t  f u l l y  mixed l o c a t i o n  
Underf i r e  a i r  c o n t r o l  
O v e r f i r e  a i r  capac i ty  
Over f i re '  a i r  i n j e c t o r  design 
A u x i l i a r y  f u e l  capaci ty  
Downstream f l u e  gas temperature 

Excess A i r  
Turndown r e s t r i c t  ions 
Star t -up  procedures 
Use o f  a u x i l i a r y  f u e l  

Oxygen i n  f l u e  gas 
CO i n  f l u e  gas 
Furnace temperature 

E x i t  gas temperature 
Adequate a i r  d i s t r i b u t i o n  - 
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t h a t  several design and operat ing features be addressed. 
these a r e  temperature a t  the  f u l l y  mixed loca t i on ,  con t ro l  and d i s t r i b u t i o n  
o f  under f i re  (pr imary) a i r ,  design and operat ing capaci ty  o f  o v e r f i r e  
(secondary) a i r ,  and o v e r a l l  system excess a i r  l e v e l s .  Because no 
was te - f i r ed  system w i l l  achieve p e r f e c t  mixing, the  second key requirement o f  
good combustion (downstream temperature c o n t r o l )  i s  necessary. 
t h i s  requirement invo lves con t ro l  o f  combustor e x i t  gas temperatures so t h a t  
f l u e  gases do not  experience long residence t imes a t  temperatures where 
CDD/CDF format ion occurs. 

The requirement f o r  a u x i l i a r y  f u e l  f i r i n g  capaci ty  ensures t h a t  operat ion 
dur ing  s t a r t - u p  and shutdown cond i t ions  r e s u l t s  i n  minimal emissions, and the 
c o r r e c t i v e  ac t ions  are ava i l ab le  i n  the  event t h a t  low temperature condi t ions 
o r  h igh  CO emissions occur dur ing  normal operat ion.  Turndown r e s t r i c t i o n s  
d i c t a t e  upper and lower load l i m i t a t i o n s ,  thus d e f i n i n g  the  normal operating, 
envelope. The v e r i f i c a t i o n  measures ensure, through continuous moni tor ing 
and p e r i o d i c  tes t i ng ,  t h a t  t he  system i s  operated according t o  i t s  design 
goals. These are important because CDD/CDF emissions cannot be cont inuously 
monitored. 
CO and O2 content, furnace combustion and exhaust gas e x i t  temperatures, and 
a i r  d l s t r l b u t i o n s ,  t he re  w i l l  be good assurance t h a t  s tab le  combustion 
cond i t ions  and low emission l e v e l s  are maintained. 

The basel ine design, operation, and emissions performance o f  each model 
p l a n t  were examined against  the  good combustion c r i t e r i a ,  and s p e c i f i c  areas 
were i d e n t i f i e d  where adherence t o  t he  c r i t e r i a  was lack ing.  Fol lowing t h i s  
evaluat ion,  combustion r e t r o f i t s  necessary f o r  good combustion were 
establ ished f o r  each model p lan t .  Each r e t r o f i t  was a h i g h l y  s i t e - s p e c i f i c  
a p p l i c a t i o n  i n v o l v i n g  a d d i t i o n  o r  mod i f i ca t i on  o f  e x i s t i n g  equipment o r  
operat ing procedures, and i n  some cases, a v i r t u a l  redesign and r e b u i l d  o f  
the  e n t i r e  combustor. The recommended approaches are based on past 
experiences a t  e x i s t i n g  p lants ,  and i n  some cases, on engineer ing judgment. 

Estimates o f  emission reduct ions associated w i t h  a combustion r e t r o f i t  
were made f o r  each model p l a n t .  The r a t i o n a l e  fo r  es tab l i sh ing  the  estimated 
emission reduct ions i s  explained i n  a separate companion r e p o r t  on 

Included among 

S a t i s f y i n g  

The o ther  components o f  good combustion a l l  have s p e c i f i c  ob jec t ives .  

By mainta in ing spec i f i ed  l e v e l s  f o r  parameters such as f l u e  gas 
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c o m b ~ s t i o n . ~  I n  some cases, mod i f i ca t i ons  d i d  not  r e s u l t  i n  reduc t ion  o f  
basel ine emissions. For example, r e t r o f i t  o f  a u x i l i a r y  f u e l  burners and CO 
monitors a t  a model p l a n t  t h a t  d i d  no t  p rev ious ly  inc lude these items would 
not  r e s u l t  d i r e c t l y  i n  lower CDD/CDF emissions. 
components o f  good combustion p rac t i ce .  
mod i f i ca t ions  r e s u l t e d  i n  subs tan t ia l  reduc t ion  o f  CDD/CDF and CO emissions 
from the  basel ine.  

The f i n a l  step i n  the  analys is  invo lved development o f  c a p i t a l  and 
annual costs  f o r  each combustion r e t r o f i t .  Capi ta l  costs  were developed 
based on in fo rmat ion  ava i l ab le  from r e t r o f i t s  made a t  e x i s t i n g  MWC’s, and f r o m  
o ther  s i m i l a r  s tud ies.  A desc r ip t i on  o f  the  cos t ing  methodology i s  presented 
i n  a companion document descr ib ing  cos t  procedures. 

2 . 3 . 2  F l u e  Gas TemDerature Reduction 

gas a t  temperatures o f  roughly 500 t o  60OOF. 
temperature o f  about 450°F o r  l e s s  i s  expected t o  i n h i b i t  COO/CDF format ion.  
Exhaust gas coo l i ng  a lso  r e s u l t s  i n  condensation o f  CDD/CDF and some metals, 
a l low ing  subsequent removal i n  PM con t ro l  devices. A t  l e a s t  th ree  
a l t e r n a t i v e s  are ava i l ab le  f o r  lower ing temperatures. 
h u m i d i f i c a t i o n  (evaporat ive coo l ing)  us ing water sprays, increas ing heat 
t r a n s f e r  area t o  remove more heat, and d i l u t i o n  o f  the  f l u e  gas w i t h  lower 
temperature a i r .  Cooling the f l u e  gas through humid i f i ca t i on  o r  add i t i ona l  
heat recovery r e s u l t s  i n  reducing the  actual  volume o f  f l u e  gas t o  be t rea ted  
and, as a r e s u l t ,  should improve the  emissions con t ro l  performance o f  
e x i s t i n g  ESP’s. Use o f  d i l u t i o n  a i r  increases the  actual  f l u e  gas volume and 
i s  thus l e s s  a t t r a c t i v e  as a r e t r o f i t  op t i on  i f  a s i g n i f i c a n t  amount o f  
coo l i ng  i s  required. 
h u m i d i f i c a t i o n  and heat recovery f o r  f l u e  gas cool ing.  
Humidi f i c a t  i o n  

re f rac to ry -wa l l  MUC’s t h a t  do no t  have heat recovery. 
un i t s ,  water i s  sprayed i n t o  the  f l u e  gas i n  a quench chamber. 
gas evaporates p a r t  o f  the  water, r e s u l t i n g  i n  a reduct ion i n  f l u e  gas 
temperature. The temperature o f  the  cooled f l u e  gas can be approximated 
using the  f o l l  owing equation: 

However, they are necessary 
I n  other  cases, combustion 

6 

As noted i n  Section 2 . 2 ,  COD/CDF may be c a t a l y t i c a l l y  formed i n  MWC f l u e  
Cooling CDD/CDF t o  a - 

These inc lude 

The fo l l ow ing  sect ions discuss the  use o f  

Humid i f i ca t i on  i s  c u r r e n t l y  used fo r  f l u e  gas coo l i ng  a t  many e x i s t i n g  
I n  most o f  these 

The hot  f l u e  
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where To i s  the o u t l e t  f l u e  gas temperature (OF), Ti i s  the  i n l e t  f l u e  gas 
temperature ( O F ) ,  Qw i s  the  quan t i t y  o f  water evaporated ( lb /h r ) ,  Q i s  the  
f l u e  gas f l ow  r a t e  (scfm), and Wxv i s  the  volume percent mois ture i n  the  
i n l e t  f l u e  gas. 

f l u e  gas residence t ime and i n l e t  temperature are s u f f i c i e n t l y  high, a l l  o f  
the  sprayed water w i l l  evaporate. 
the  w a l l s  and bottom o f  the quench chamber. This  water i s  then e i t h e r  
r e c i r c u l a t e d  o r  discharged. To increase the  amount o f  cool ing,  the  quan t i t y  
o f  water sprayed i s  increased wh i le  the  mean p a r t i c l e  s i ze  o f  the spray 
d rop le ts  i s  decreased. Through proper s i z i n g  o f  the quench chamber ( t .e . ,  
residence t ime) and spray system (i .e.,  water feed r a t e  and mean d rop le t  
diameter), f l u e  gas coo l ing  can be accomplished over a wide range o f  i n l e t  
and o u t l e t  f l u e  gas temperatures. 

For each o f  the  model p lan ts ,  t he  design f l u e  gas temperature a t  the  
humid i f i ca t i on  chamber o u t l e t  i s  450OF. A t  t h i s  temperature, CDD/CDF l e v e l s  
a t  t he  PM c o n t r o l  device i n l e t  and e x i t  are expected t o  be roughly equal. 
Flue gas temperature a t  the  h u m i d i f i c a t i o n  chamber i n l e t  i s  assumed t o  be the 
same as the  f l u e  gas temperature a t  the combustor o u t l e t .  

The design o f  the  humid i f i ca t i on  system used f o r  each model p l a n t  v a r i e s  
depending on whether the  model i s  a l ready equipped w i t h  a spray chamber. 
the  model p l a n t  i s  a l ready equipped w i t h  a spray chamber, add i t i ona l  f l u e  gas 
coo l i ng  can be accomplished by increas ing the  f low and atomizat ion pressure 
o f  water sprays. 

gas temperatures above 45O0F. r e t r o f i t  o f  a humid i f i ca t i on  chamber i s  
necessary. 
sprayed water (i.e., no l i q u i d  discharge).  Design f l u e  gas ve loc i t y .  i s  
10 feet/second and the  chamber length- to-d iameter  r a t i o  .(L/D) i s  3.  To 
minimize PM f a l l o u t  and impingement o f  wetted s o l i d s  on chamber wal ls ,  no 
b a f f l e s  or other  i n t e r n a l s  are used. 
water atomizat ion.  

9 

I f the  s i ze  o f  the  sprayed water d rop le ts  i s  s u f f i c i e n t l y  small and the  

I f  not,  unevaporated water w i l l  c o l l e c t  on 

I f  

For model p l a n t s  wi thout  an e x i s t i n g  humid i f i ca t i on  system and w i t h  f l u e  

This  chamber i s  designed t o  achieve complete evaporat ion o f  the  

High-pressure nozzles are used f o r  
To minimize MWC downtime associated w i t h  r e t r o f i t ,  t he  
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h u m i d i f i c a t i o n  chamber i s  assumed t o  be constructed as a modular system. 
Through appropr ia te cons t ruc t ion  planning, the chamber can then be i n s t a l l e d  
i n t o  the  e x i s t i n g  f l u e  gas duc t ing  w i t h  minimal downtime o f  the  combustor. 
Add i t iona l  Heat Transfer Surface 

A second approach f o r  reducing MWC exhaust gas temperatures a t  energy 
recovery f a c i l i t i e s  i s  t o  i n s t a l l  add i t i ona l  heat t r a n s f e r  surface. 
Municipal  was te- f i red  b o i l e r s  are genera l l y  designed w i t h  r a d i a n t  and 
convect ive sect ions.  
i s  d i r e c t l y  p ropor t i ona l  t o  the  amount o f  tube surface area ava f lab le  f o r  
convect ive heat t rans fe r .  
r a t e )  and gas v e l o c i t y ,  add i t i ona l  exhaust gas temperature reduc t ion  can be 
achieved by p rov id ing  more tube surface area. 

The t y p i c a l  a p p l i c a t i o n  o f  t h i s  r e t r o f i t  can i nvo l ve  the  add i t i on  o f  a 
bank o f  economizer tubes, replacement o f  an e x i s t i n g  economizer w i t h  a 
redesigned u n i t ,  o r  add i t i on  o f  a separate economizer where none prev ious ly  - 
ex is ted.  There are l i m i t a t i o n s  t o  t h i s  r e t r o f i t ,  however, i nc lud ing  
p o t e n t i a l  space cons t ra in t s  and p r a c t i c a l  1 i m i t s  on operat ing temperatures 
(steam s ide  and gas s ide) .  Because i t  i s  genera l l y  undesirable f o r  steaming 
t o  occur i n  the  economizer, there  are l i m i t a t i o n s  on the  amount o f  f l u e  gas 
temperature reduc t ion  t h a t  can be accomplished. App l ica t ions  a t  one modular 
f a c i l i t y  and one mass burn w a t e r w a l l  f a c i l i t y  have reduced f l u e  gas 
temperatures from 570 t o  6OO0F down t o  350 t o  45OoF p r i o r  t o  en te r ing  the  
ESP, thus min imiz ing the  gas residence t i m e  a t  temperatures where CDD/CDF 
format ion may occur. 

An added b e n e f i t  o f  increased heat recovery i s  improved b o i l e r  
e f f i c i e n c y .  As a r u l e  o f  thumb, a 25'F drop i n  e x i t  gas temperature equates 
t o  a 1 percent increase i n  b o i l e r  e f f i ~ i e n c y . ' ~  For example, reducing the 
economizer gas temperature from 6OO0F t o  450°F boosts b o i l e r  e f f i c i e n c y  by 
about 6 percent, w i t h  an at tendant increase i n  steam product ion and p o t e n t i a l  
revenues. Therefore, incent ives  e x i s t  both from an economic and an 
environmental s tandpoint  t o  maximize the removal o f  a v a i l a b l e  heat through 
the  b o i l e r  and prov ide lower e x i t  gas temperatures. The lower temperature 
boundary i s  d i c t a t e d  by concerns over ac id  gas dewpoint. 

few, i f  any, ESP's operat ing a t  temperatures below 35OoF, unless a c i d  gas 
removal i s  inc luded i n  the  system design. 

The quan t i t y  o f  heat removed i n  the  convect ive sec t ion  

For a b o i l e r  w i t h  a constant heat i npu t  ( f i r i n g  

. 

11,12 

Cur ren t l y  there  are 
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2.3.3 p a r t i c u l a t e  Mat ter  Contro 1 
A v a r i e t y  o f  PM c o n t r o l  technologies are i n  use by e x i s t i n g  MUC's, 

i nc lud ing  ESP's, f a h r i c  f i l t e r s ,  e l e c t r o s t a t i c  gravel  bed f i l t e r s ,  cyclones, 
and ven tu r i  scrubbers. The most common o f  these devices c u r r e n t l y  i n  use i s  
the ESP. When proper ly  designed and operated, ESP's are capable o f  achieving 
h igh  l e v e l s  o f  PH con t ro l .  
e f f i c i e n c y  o f  o ther  PM con t ro l  devices appl ied t o  MWC's. Therefore, the  
analys is  o f  r e t r o f i t  PM con t ro l  opt ions was l i m i t e d  t o  ESP's. 

Two l e v e l s  o f  r e t r o f i t  PH c o n t r o l  were considered, "good" con t ro l  as 
re f l ec ted  by 40 CFR 60, Subparts Ob and E, and "best"  con t ro l  as r e f l e c t e d  by 
cur ren t  best ava i l ab le  con t ro l  technology (BACT). Subpart Ob l i m i t s  PM 
emissions from new u n i t s  w i t h  heat recovery and heat i npu t  ra tes  o f  
100 m i l l i o n  Btu/hr and grea ter  t o  roughly  0.05 gr /dscf ,  wh i l e  Subpart E 
l i m i t s  PM emissions from a l l  o ther  MWC's g rea ter  than 50 tpd  t o  0.08 gr /dscf .  
Based on State o r  o the r  permi t  requirements, a number o f  e x i s t i n g  MWC ESP's 
are c u r r e n t l y  operat ing w i t h  PM emissions o f  0.01 t o  0.03 gr /dscf .  
Technical a l t e r n a t i v e s  f o r  reducing emissions from e x i s t i n g  MUC's inc luded 
r e b u i l d  o f  t h e  e x i s t i n g  ESP, increas ing the  p l a t e  area o f  t he  e x i s t i n g  ESP, 
and i n s t a l l a t i o n  o f  a new ESP. 

Rebuild o f  an e x i s t i n g  ESP may be f e a s i b l e  f o r  ESP's w i t h  PM removal 
e t f i c i e n c i e s  lower than achievable w i t h  a new ESP o f  equiva lent  s p e c i f i c  
c o l l e c t i o n  area (SCA, equal t o  the  t o t a l  p l a t e  area d i v ided  by the  f l u e  gas 
f low r a t e ) .  An ESP r e b u i l d  includes rep lac ing  worn and damaged i n t e r n a l  
components (e.g., p la tes ,  frame, e lect rodes) ,  upgrading o f  con t ro l s  and 
e lec t ron i cs  f o r  more e f f e c t i v e  energizat ion,  and f low modeling t o  improve 
f l u e  gas d i s t r i b u t i o n .  A r e b u i l d  does no t  inc lude changing p la te -e lec t rode 
geometry o r  adding p l a t e  area. 

I n s t a l l a t i o n  o f  add i t i ona l  p l a t e  area can be used when the  e x i s t i n g  ESP 
has i n s u f f i c i e n t  p l a t e  area t o  achieve the  requ i red  PM emission l i m i t .  
t h i s  study, t h i s  add i t i ona l  p l a t e  area was i n s t a l l e d  as a second ESP loca ted  
i n  ser ies  downstream o f  t he  e x i s t i n g  ESP. 
f a c i l i t y  downtime and s i m p l i f y  cost  es t imat ing  r e l a t i v e  t o  a d d i t i o n  o f  p l a t e  
area t o  an e x i s t i n g  ESP. 
analogous t o  adding one o r  more add i t i ona l  new f i e l d s  t o  the  e x i s t i n g  u n i t .  

Very l i m i t e d  data are a v a i l a b l e  f o r  t he  con t ro l  

14 

I n  

This approach was used t o  minimize 

I n  concept, l o c a t i n g  the  new ESP i n  ser ies  i s  
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I n s t a l l i n g  a new ESP may be requ i red  i f  the MWC does n o t  have an ESP o r  

I n  t h i s  st.udy, the  cos t  o f  the  new ESP was est imated by esca la t ing  
the  e x i s t i n g  ESP cannot be upgraded t o  achieve the  requ i red  l e v e l  o f  PM 
con t ro l .  
the  cos t  o f  a new ESP based on space l i m i t a t i o n  and other  r e t r o f i t  costs 
s p e c i f i c  t o  each model p lan t .  
2.3.4 Ac id Gas Con t ro l  

con t ro l s  are no t  used a t  most e x i s t i n g  MWC's i n  the  U. S. 
obtained from r e c e n t l y  b u i l t  u n i t s  i n d i c a t e  t h a t  ac id  gas con t ro l s  combined 
w i t h  e f f i c i e n t  PM con t ro l  can achieve s l g n i f i c a n t  reduct ions i n  ac id  gases, 
CDD/CDF, and v o l a t l l e  metal emissions.14 Removal o f  ac id  gases i s  achieved 
by chemical reac t i on  w i t h  a1 k a l i  sorbents. 
removal o f  CDD/CDF r e s u l t s  f r o m  condensation o f  organics a t  reduced 
temperatures and t h e i r  subsequent c o l l e c t i o n  i n  an e f f i c i e n t  PM c o n t r o l  
device. Ava i l ab le  data i n d i c a t e  a f a b r i c  f i l t e r  i s  needed t o  achieve maximum_ 
reduct ions o f  CDD/CDF and mercury. 

spray d r y i n g  fo l lowed by a r e t r o f i t  f a b r i c  f i l t e r  and d r y  sorbent i n j e c t i o n  
combined w i t h  reuse o f  e x i s t i n g  ESP's. The spray d ry ing / fab r i c  f i l t e r  
a l t e r n a t i v e  was used t o  evaluate the emission reduct ions,  costs, and other  
impacts associated w i t h  maximum reduct ions i n  a i r  emissions. The dry  sorbent 
in ject ion/ESP reuse a l t e r n a t i v e  was used t o  evaluate a l esse r  l e v e l  o f  
emissions con t ro l ,  w i t h  a lower cos t  impact. 

The major components i n  a spray d ry ing  system are the  s l u r r y  preparat ion 
system, the  slurry atomizer and reac t i on  vessel, and the  PM c o l l e c t i o n  
systems. The s l u r r y ,  cons i s t i ng  o f  a l k a l i  sorbent ( t y p i c a l l y  l ime)  and wa te r  
are i n j e c t e d  i n t o  the  f l u e  gas a t  a prescr ibed s to i ch iomet r i c  r a t i o  t o  cool  
the  f l u e  gas and t o  achieve the des i red ac id  gas removal e f f i c i e n c i e s .  High 
removal e f f i c i e n c i e s  f o r  HC1 (97 percent)  and SO2 (90 percent)  have been 
demonstrated by spray dryers  operat ing a t  s to i ch iomet r i c  r a t l o s  o f  near 2.5 
and a f a b r i c  f i l t e r  operat ing temperature o f  250 t o  30OOF. 
e f f i c i enc ies  f o r  CDD/CDF w i t h  spray d rye r  and f a b r i c  f i l t e r  systems have 
exceeded 99 percent, w i t h  o u t l e t  concentrat ions l e s s  than 10 ng/dscm.14 I f  
an ESP i s  used f o r  PM con t ro l ,  achievable emission reduct ions w i l l  be 

1 ower. 

Except f o r  f a c i l i t i e s  constructed o r  modi f ied i n  recent  years, ac id  gas 
Emission t e s t  data 

Current in fo rmat ion  suggests t h a t  

Two a l t e r n a t i v e s  f o r  ac id  gas c o n t r o l  a r e  considered i n  t h i s  study: 

Removal' 

14 
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Spray d ry ing  was used t o  evaluate the  environmental, economic, and 
energy impacts o f  "best"  ac id  gas c o n t r o l .  System design was based on a 
sorbent- to-ac id  gas s to i ch iomet r i c  r a t i o  o f  2.5. e x i t  f l u e  gas temperature o f  
300°F, and i n s t a l l a t i o n  o f  a new f a b r i c  f i l t e r  f o l l ow ing  the  spray dryer .  
Estimated long-term emission reduct ions were 97 percent f o r  HC1, 90 percent 
f o r  SO2, and 99 percent f o r  COD/CDF w i t h  a maximum CDD/CDF o u t l e t  
concentrat ion o f  5 ng/dscm. As with temperature and PM con t ro l s  discussed 
prev ious ly  and subject  t o  model p l a n t  space l i m i t a t i o n s ,  most o f  the spray 
dryer  system cons t ruc t ion  a c t i v i t i e s  can occur wh i le  the  MWC i s  s t i l l  
operating, thus l i m i t i n g  MWC downtime i n  most cases t o  system t i e - i n  and 
s ta r t -up .  

Dry sorbent i n j e c t i o n  e i t h e r  d i r e c t l y  i n t o  the combustor o r  i n  a 
downstream duct  has been used on MWC's i n  Japan and Europe s ince the  l a t e  
1970's. and has recen t l y  been i n s t a l l e d  on several MWC's i n  the  U. S.  Most 
o f  t he  performance data i s  l i m i t e d  t o  ac id  gas cont ro l  w i t h  on ly  l i m i t e d  
COD/COF data c u r r e n t l y  ava i lab le .  The major components i n  d r y  i n j e c t i o n  
systems inc lude sorbent storage and t ranspor t ,  sorbent i n j e c t i o n ,  f l u e  gas 
temperature con t ro l ,  and PM c o l l e c t i o n .  As w i t h  spray drying, emission 
reduc t ion  p o t e n t i a l  i s  a f unc t i on  o f  sorbent feed rate,  f l u e  gas temperature, 
and the  type o f  PM con t ro l  device. Because f l u e  gas temperatures i n  the  PM 
con t ro l  device o f  r e t r o f i t  d r y  i n j e c t i o n  systems are l i k e l y  t o  be h igher  than 
f o r  spray dryer  systems (350 t o  45OoF versus 250 t o  3OO0F), ac id  gas removal 
e f f i c i e n c i e s  w i t h  d ry  i n j e c t i o n  systems are expected t o  be lower than w i t h  
spray dryers.  

Dry sorbent i n j e c t i o n  was used t o  evaluate "good" ac id  gas con t ro l .  
t h i s  case, t he  focus was on achieving reasonable ac id  gas and CDD/CDF 
reduct ions wh i l e  min imiz ing emission con t ro l  system costs.  System design was 
based on a sorbent- to-ac id  gas s to i ch iomet r i c  r a t i o  of 2.0, f l u e  gas coo l ing  
t o  35OoF, and reuse o f  the  e x i s t i n g  ESP (w i th  upgrade if necessary t o  achieve 
average PM emissions o f  0.01 gr /dscf ) .  Estimated emission reduct ions i n  t h i s  
case were 80 percent f o r  HC1, 40 percent f o r  SO2, and 75 percent f o r  
CDD/CDF. 
f a b r i c  f i l t e r  was i n s t a l l e d  w i t h  the  D S I  system and the  e x i t  f l u e  gas 
temperature was reduced t o  30OoF. Emission reduct ions f o r  HC1, SO2, and 

- 

14 

I n  

For the  two model p lan ts  t h a t  d i d  not  have an e x i s t i n g  ESP, a new 
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CDD/CDF from t h i s  system were assumed t o  be the  same as discussed above. 
Except f o r  systems w i t h  very shor t  o r  t i g h t  f l ue  gas arrangements, sorbent 
was i n j e c t e d  i n t o  th.e cooled f l u e  gas downstream o f  the  h u m i d i f i c a t i o n  
system. Where duct  con f igura t ions  were 1 i m i t i n g ,  i n j e c t i o n  o f  sorbent 
d i r e c t l y  i n t o  the  combustor was assumed. As w i t h  spray dryer  systems, 
cons t ruc t ion  a c t i v i t i e s  were scheduled t o  occur wh i l e  the  MWC i s  s t i l l  
operat ing,  thus reducing MWC downtime except f o r  system t i e - i n  and s ta r t -up .  
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3.0 DEFINITION OF CONTROL OPTIONS 

Seven emission c o n t r o l  op t ions  are considered f o r  e x i s t i n g  sources. The 
seven opt ions are combinations o f  the  fou r  types o f  con t ro l  technologies 
described i n  Sect ion 2.3. The same seven con t ro l  opt ions apply t o  each model 
p lan t .  The basel ine l e v e l  o f  combustion con t ro l  and add-on con t ro l  f o r  the  
model p l a n t s  vary w i t h  combustor type, u n i t  size, age, and prevalence o f  
APCD's a t  e x i s t i n g  f a c i l i t i e s  represented by the model p lan t .  
a model p l a n t  a t  basel ine i s  a l ready c o n t r o l l e d  t o  the  l e v e l  o f  some o f  the  
cont ro l  opt ions.  
associated w i t h  those opt ions f o r  t h a t  p a r t i c u l a r  model p lan t .  Only one 
l e v e l  o f  combustion m o d i f i c a t i o n  ("good combustion" as descr ibed i n  Sect ion 
2.3) was evaluated. The seven r e t r o f i t  con t ro l  opt ions are descr ibed below: 

I n  some cases, 

I n  such cases, t he re  are no cost  o r  emission reduct ions 

- 
Option 1 "Good Combustion and Temperature Contro l "  

- good combustion - 
- basel ine PM con t ro l  
- no ac id  gas con t ro l  

"Good Combustion and Temperature Control  w i t h  Good PM Contro l "  
- good combustion - 
- good PM c o n t r o l  (0.05 gr /dsc f )  - no a c i d  gas con t ro l  

Option 3 "Good Combustion and Temperature Control  w i t h  Best PM Cont ro l "  
- good combustion - exhaust gas temperature con t ro l  t o  45OoF - best PM con t ro l  (0.01 gr /dscf )  
- no a c i d  gas con t ro l  

Option 4 'Good Acid Gas Control  w i t h  Best PM Contro l "  - base1 i n e  combustion con t ro l  - 
- good ac id  gas con t ro l  - d r y  sorbent i n j e c t i o n  - best PM con t ro l  (0.01 gr /dsc f )  

exhaust gas temperature c o n t r o l  t o  45OoF 

Option 2 

exhaust gas temperature con t ro l  t o  45OoF 

exhaust gas temperature con t ro l  t o  35OoF 
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Option 5 "Good Combustion and Temperature Control  w i t h  Good Acid Gas 

- good combustion - exhaust gas temperature con t ro l  t o  35OoF 
- good ac id  gas con t ro l  - d r y  sorbent duct  i n j e c t i o n  - best PM con t ro l  (0.01 gr /dsc f )  

"Best Acid Gas Control  w i t h  Best PM Contro l "  - base1 i n e  combustion c o n t r o l  - exhaust gas temperature con t ro l  t o  30OoF - best ac id  gas con t ro l  - spray d rye r  - best PM con t ro l  (0.01 gr /dscf )  

"Good Combustion and Temperature Control  w i t h  Best Acid Gas 

- good combustion - exhaust gas temperature con t ro l  t o  30OoF 
- best ac id  gas con t ro l  - spray dryer  - best PM con t ro l  (0.01 gr /dscf )  

Control  and Best PM Contro l "  

Opt ion 6 

Opt ion 7 
Contro l  and Best PM Contro l "  
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4.0 MASS BURN REFRACTORY-WALL COMBUSTORS 

P r i o r  t o  the  1970's. there  were hundreds o f  municipal  waste combustors 
(MWC's) burn ing re fuse  i n  the  Uni ted States. The goal o f  these p lan ts  was t o  
achieve waste volume reduct ion;  energy recovery was no t  incorporated i n t o  
t h e i r  designs. Due t o  a number o f  reasons--economic, environmental, and 
p l a n t  age--most o f  t he  municipal combustors ceased t o  operate dur ing  the  
1970's. Some o f  these r e f r a c t o r y - w a l l  p lan ts  were replaced by energy 
recovery p lan ts .  Others were replaced by l a n d f i l l s .  The handful o f  
r e f r a c t o r y - w a l l  p l a n t s  t h a t  s t i l l  operate do so w i t h  l a r g e l y  outdated 
technology. 
l a n d f i l l s  may cause some o lde r  r e f r a c t o r y - w a l l  p lan ts  t o  renew operat ion w i t h  
revamped designs. This sect ion descr ibes the  cur ren t  design and operat ion o f  
o lde r  r e f r a c t o r y - w a l l  combustors, and i d e n t i f i e s  design and operat ing 
fea tures  which may con t r i bu te  t o  a i r  emissions. 

The e x i s t i n g  popu la t ion  o f  mass burn r e f r a c t o r y - w a l l  MWC's cons is ts  o f  
more than 20 operat ing p lan ts .  Table 4.0-1 l i s t s  the  mass burn r e f r a c t o r y -  
wa l l  p lan ts  t h a t  remain i n  operat ion as o f  1988. Included i n  the  t a b l e  are 
g ra te  type, number o f  un i t s ,  u n i t  capaci ty,  year o f  s ta r t -up ,  and a i r  
p o l l u t i o n  con t ro l  device (APCD) i n  p lace a t  each p lan t .  Although none o f  the 
p l a n t s  were o r i g i n a l l y  constructed w i t h  heat recovery c a p a b i l i t i e s ,  a t  l e a s t  
two r e f r a c t o r y - w a l l  combustors (Uaukesha, W I  and Be t t s  Avenue, NY, NY) have 
been r e t r o f i t  w i t h  a waste heat b o i l e r ,  and three add i t i ona l  p l a n t s  (North 
and South Dayton, OH and Tampa, FL) are consider ing adding b o i l e r s  i n  the  
fu tu re .  Most p l a n t s  i n  t h i s  category use e l e c t r o s t a t i c  p r e c i p i t a t o r s  (ESP's) 
f o r  p a r t i c u l a t e  con t ro l .  However, a number o f  the p lan ts  use a wet 
p a r t i c u l a t e  con t ro l  device such as a wet scrubber. One p l a n t  (Framingham, 

MA) i s  equipped w i t h  a spray dryer  and f a b r i c  f i l t e r .  Most o f  these p lan ts  
are p u b l i c l y  owned, and operate on a 24-hour/day, 5-day/week schedule w i t h  
weekend shutdowns. 

popu la t ion  o f  r e f r a c t o r y - w a l l  combustors. The f i r s t  design i s  a batch-fed 
up r igh t  combustor, which may be c y l i n d r i c a l  o r  rectangular  i n  shape. Very 
few of these systems cont inue t o  operate. Three u n i t s  have been i d e n t i f i e d  

I n  add i t ion ,  the  inc reas ing  l i m i t a t i o n s  o f  ava i l ab le  space f o r  

- 

A t  l e a s t  t h ree  d i s t i n c t  combustor designs make up the  e x i s t i n g  
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i n  the  e x i s t i n g  populat ion (Stamford I ,  CT, and two u n i t s  a t  Huntington, NY). 
The Stamford u n i t  i s  ra ted  a t  150 tpd  and i s  equipped w i t h  a water quench and 
an ESP. The u n i t s  i n  Huntington, NY are repor ted t o  have u n i t  capac i t ies  o f  
150 tpd  and use water sprays t o  con t ro l  emissions p r i o r  t o  discharge through 
i n d i v i d u a l  stacks. A l l  th ree  o f  these u n i t s  were constructed p r i o r  t o  1960. 
Figure 4.0-1 shows the  t y p i c a l  con f i gu ra t i on  o f  a batch- fed rectangular  
combustor. This type o f  combustor was prevalent i n  the  195O’s, but  no 
add i t i ona l  u n i t s  of t h i s  design are expected t o  become operable. 

w i t h  t rave l i ng ,  rocking, o r  rec ip roca t ing  grates. This type o f  combustor i s  

cont inuously  fed and operates i n  an excess a i r  mode. 
between p l a n t s  w i t h  t h i s  design i s  the  manner i n  which the  waste i s  moved 
through the  combustor. 
i n  F igure 4.0-2. 
not  a g i t a t e  the  waste bed as it advances through the  combustor. 
waste burnout i s  i n h i b i t e d  by f u e l  bed thickness, and there  i s  considerable 
p o t e n t i a l  f o r  unburned waste t o  be discharged f r o m  the grates unless f u e l  
feeding, g ra te  speeds, and combustion a i r  f lows and d i s t r i b u t i o n s  are wel l  
con t ro l l ed .  It i s  u n l i k e l y  t h a t  these operat ional  requirements are r o u t i n e l y  
accomplished i n  e x i s t i n g  un i t s .  
burn p lan ts  c u r r e n t l y  operat ing which use t r a v e l i n g  grates.  The average u n i t  
capaci ty  f o r  t he  operat ing p lan ts  i s  approximately 300 tpd. 

There are eleven mass burn re f rac to ry -wa l l  p lan ts  i n  operat ion t h a t  use 
rock ing  o r  rec ip roca t ing  grates.  The average u n i t  capaci ty  o f  these p lan ts  
i s  230 tpd. While none o f  these systems represent s t a t e - o f - t h e - a r t  
combustion prac t ice ,  rock ing  o r  rec ip roca t ing  grates have advantages ove r  
t r a v e l i n g  grates. Rocking and rec ip roca t ing  gra te  systems a g i t a t e  and aerate 
the  waste bed as i t  advances through the  combustion chamber, a l low ing  more 
waste surface area t o  be exposed t o  the combustion a i r  and increas ing burnout 
o f  combustibles. 
i s  shown i n  F igure  4.0-3. 

i s  a system which combines g ra te  burning technology w i t h  a r o t a r y  k i l n .  

A second, more common design cons is ts  o f  rectangular  combustion chambers 

The primary d i s t i n c t i o n  

A schematic o f  a t r a v e l i n g  g ra te  combustor i s  shown - 
The t r a v e l i n g  g ra te  moves on a set o f  sprockets and does 

As a r e s u l t ,  

As shown i n  Table 4.0-1, there  are s i x  mass 

The con f igu ra t i on  and operat ion o f  a rock ing g ra te  sect ion 

The l a s t  major design type i n  the  mass burn r e f r a c t o r y - w a l l  populat ion 
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Figure 4.0-4 shows, a schematic o f  t h i s  design. Two g r a t e  sect ions (dry ing 
and i g n i t t c n )  precede a r e f r a c t o r y - l i n e d  r o t a r y  k i l n ,  where combustion i s  
completed. 
average s i ze  among these u n i t s  i s  250 tpd. 

combustors were developed. The models were selected t o  be representat ive o f  
the most t y p i c a l  designs i n  the r e f r a c t o r y - w a l l  populat ion. The f i r s t  uses a 
t r a v e l i n g  gra te  and has an ESP f o r  f l u e  gas cleaning. The second has a 
rock ing gra te  and a wet b a f f l e d  system f o r  f l u e  gas cleaning. The t h i r d  
model p lan t  i s  o f  the  gra te / ro ta ry  k i l n  design, and has an ESP. Descr ipt ions 
and analyses o f  these model p lants  are presented i n  the Sections 4.1 through 
4.3.  

place a t  these r e f r a c t o r y - w a l l  WC’s which cause elevated emission l e v e l s  o f  
a i r  p o l l u t a n t s .  Some o f  the  primary areas o f  concern include: 

There are f i v e  e x i s t i n g  p l a n t s  i n  t h i s  subcategory, and the 

For t h i s  study, three model p l a n t s  represent ing r e f r a c t o r y - w a l l  

There are a number o f  inherent design features and operat ing prac t ices  i n  

1. Fuel feeding 
2. Combustion a i r  d i s t r i b u t i o n  and cont ro l  
3. Excess a i r  l eve l s  
4. Start-up/shutdown procedures 
5. Temperature cont ro l  

These t o p i c s  are discussed below. 
Fuel Feedinq 

t h i s  type o f  p l a n t  t o  u t i l i z e  a g r a v i t y  feed system. 
con t ro l  o f  f u e l  feeding i s  achieved by ad jus t ing  the gra te  speed d i r e c t l y  
below the feed chute. This i s  t y p i c a l l y  a manual adjustment. I n  general, 
g ra te  speeds should be adjusted so t h a t  the waste feed i s  evenly d i s t r i b u t e d  
on the grates, w i t h  the  m a j o r i t y  o f  burning being concentrated i n  the middle 
p o r t i o n  o f  the grate.  Problems may occur as waste proper t ies  (i.e., moisture) 
change, r e s u l t i n g  i n  clumping and poor d i s t r i b u t i o n  o f  waste on the  gra te  and, 
hence, po ten t i a l  burnout problems. Reciprocating and rock ing grates have the 
a b i l i t y  t o  minimize these problems by c o n t i n u a l l y  a g i t a t i n g  and aerat ing the  
f u e l  bed, but  t r a v e l i n g  grates cannot respond t o  changes i n  f u e l  proper t ies.  
Therefore, t r a v e l i n g  grates are not acceptable technology f o r  mass burn 
systems. 

Y h i l e  ram feeders are employed i n  a few uni ts ,  it i s  more t y p i c a l  f o r  
I n  t h i s  instance, 
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A second problem with gravity feed systems relates to maintaining proper 
combustor drafts. Combustor seals are maintained by the waste in the feed 
chute. Episodes where the hopper seal is broken contribute to problems in 
combustor draft control and have an adverse effect on combustion conditions. 
Unstable combustor drafts can result in upsets which affect air flows, 
temperatures, and air emissions. Use of ram feeders can minimize these 
episodes. 
Combustion Air Distribution and Control 

A number of deficiencies in combustion air flows can potentially occur 
in older refractory-wall combustors. The amount. location, and distribution 
of combustion air are all critical to ensuring that organic species emitted 
from the burning waste bed are oxidized to the maximum extent possible. 
Available information for this category of MWC’s indicates that combustion 
air systems are generally inadequate to provide good combustion and minimize 
levels of trace organic emissions. 

Good combustion practice requires that underfire air be adequately 
distributed to the waste on the grate to provide proper burnout. This i s  
necessary to complete the burning process prior to discharge of ash from the 
end of the grate. 
least four separate underfire air plenums. The ability to individually 
monitor and control underfire air pressures or flow rates to each plenum i s  
also a necessary element of good combustion. 

which do not provide adequate mixing for minimizing organic emissions. 
Rather than providing penetration and coverage of the combustor cross 
section, the overfire air systems simply inject air for dilution and cooling. 
There i s  no well-defined point in the system where mixing is complete. In 
addition, air flows are seldom measured or monitored, and adjustments are 
left to the experience of the operator. It is important that overfire air 
systems be designed to supply an adequate quantity of air in a location which 
provides penetration and coverage of the combustor cross-section to ensure 
good mixing and complete combustion. 
result in higher levels of CO and organic emissions, and greater particulate 

- 

Underfire air distribution can be optimized by using at 

Mass burn refractory-wall combustors typically have overfire air designs 

Failure to achieve good mixing can 
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carryover out of the combustor. The number, diameter, velocity, and 
arrangement of overfire air nozzles all contribute to the proper design and 
operation of the system. Nozzle header pressures are typically measured to 
provide verification of velocities and flows. Overfire air patterns can best 
be established as a result of cold flow modeling. Verification of mixing 
should be established by continuous CO monitoring. It is doubtful that many 
existing refractory-wall combustors are equipped with continuous CO monitors. 

tor Fxcess Air Levels 
Refractory-wall combustors typically operate at higher excess air rates 

(150 to 300 percent) than mass burn waterwall combustors (80 to 100 percent). 
This is because refractory-wall combustors contain no heat transfer medium 
such as the waterwalls which are present in modern energy recovery units. 
The higher design excess air levels are specified to prevent excessive 
temperatures which can result in refractory damage, slagging, fouling, and 
corrosion problems. Figure 4.0-5 illustrates the relationship between excess 
air levels (expressed as a percentage of stoichiometric air) and adiabatic 
flame temperature. Adiabatic flame temperature is the theoretical maximum 
temperature that can be achieved, assuming that perfect mixing is achieved 
and that no heat loss occurs. When applying this relationship to 
refuse-fired systems, the adiabatic flame temperature can be considered 
analogous to the maximum theoretically achievable mass mean gas temperature 
at the fully mixed location. As shown in Figure 4.0-5, the highest 
theoretical temperature occurs at stoichiometric conditions, and as excess 
air levels increase, the adiabatic flame temperature is reduced. 
with 20 percent moisture content (typical of MSW), the adiabatic flame 
temperature of 1800°F occurs at 150 percent excess air. At excess air levels 
of greater than 150 percent, the 1800°F temperature cannot be attained. 
Thus, it is recomnended that the 150 percent excess air be selected as an 
operating target (maximum) for refractory-wall MWC's. 

increased carryover of PM from the combustion chamber and ultimately stack 
emission rates. 
contribute to increased CDD/CDF emissions by providing increased surface 
area for downstream catalytic formation to take place. 

- 

For a fuel 

One adverse effect of higher excess air levels is the potential for 

It is hypothesized that high PM carryover may also 

A second problem is 
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Figure 4.0-5. Theoretical temperature of products of combustion as 
a function of excess air for unprocessed MSW with feed 
characteristics typical of raw waste in Table 2.2-1. 
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the potential for high excess air levels to quench the combustion reactions, 
preventing destruction o f  organic species. Because there are problems with 
operating an excess air level too low or too high, systems must select an 
excess air level which allows for both safe operation and minimal emissions. 

air levels. Few, if any, older refractory-wall combustors are equipped with 
oxygen monitoring. Oxygen monitoring is an important means o f  verifying 
performance so that air flows can be optimized. 

Oxygen monitors are used in mass burn watenall WC's to verify excess 

Start -uD/Shutdown Proc edures 
The majority of refractory-wall combustors are municipally owned and 

operated, and typical operating schedules include five days on line with 
shutdowns on weekends. Start-ups and shutdowns are episodes during which 
CDD/CDF emissions are expected to be above normal operating levels. A 
substantial number of the combustors currently operating are not equipped 
with auxiliary fuel sources for process start-up and shutdown. Auxiliary 
fuel firing capabilities are required for good combustion practices and 
should be included in the design of all MWC's. If a system shuts down over 
the weekend, one operating procedure that will enable start-up time to be 
minimized is to keep all combustor seals intact, enabling the system to act 
as a 'thermos bottle" and retain available heat so that a totally cold start 
is avoided. This is a standard operating procedure for many refractory-wall 
combustors. 
Jemoerature Control 

All mass burn WC's must have the ability to maintain combustion 
temperatures above lBOO°F as part of good combustion. Refractory-wall MWC's 
should have no problem attaining this combustion temperature if the above 
described design and operating features are in place. However, recent bench- 
scale and full-scale data suggests that CDD/CDF formation may also occur in 
the low temperature regions of the waste combustion system. Available data 
indicates that CDD/CDF formation is maximized at temperatures between 500 
and 600OF. This is a typical operating temperature range for many ESP's in 
the waste combustion industry. Based on the available data it appears that 
formation does not occur at temperatures in the range of 450°F or less. 

- 
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Therefore, e x i s t i n g  systems must attempt t o  minimize r e t e n t i o n  time o f  f l u e  
gases i n  the  range o f  500 t o  6OO0F by lowering ESP operat ing temperatures. 
Refractory-wal l  combustors a r e  equipped t o  address t h i s  problem through the 
use o f  e x i s t i n g  water sprays. 
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4.1 TRAVELING GRATE MASS BURN REFRACTORY-WALL COMBUSTOR 
This section presents the retrofit case study results for a mass burn 

refractory-wall combustor equipped with a traveling grate. As shown in 
Table 4.0-1, there are six known plants in this subcategory. Section 4.1.1 
presents a description of the Philadelphia Northwest (NW) MWC plant which 
was visited in order to gather information for model development. 
Section 4.1.2 describes the model plant. Sections 4.1.3 through 4.1.7 
detail the retrofit modifications, estimated performance, and costs 
associated with various control options. Section 4.1.8 summarizes the 
control options, which are discussed in more detail in Section 3.0 of this 
report. 
4.1.1 pescriotion of the PhiladelDhia Northwest Plant 

The Philadelphia NU plant consists of two identical refractory-wall 
combustors, each with a design capacity of 375 tons of municipal solid waste 
(MSW) per day. Table 4.1-1 presents key design data for the plant. The 
facility has been in operation since 1957 and processes an estimated 
25 percent of the city’s municipal waste, burning waste 5-dayslweek with 
weekend shutdowns. 
does not charge a tipping fee. 
waste at the plant during designated hours. 
waste holding pits at the plant which are emptied by two overhead cranes 
equipped with clamshell buckets. 

4.1.1.1 Combustor Desia n and Onerat ion. Each refractory-lined 
combustor consists of a water-jacketed gravity-feed chute, an inclined 
traveling grate, a horizontal traveling grate, and an ash discharge chute. 
The feed rate to each combustor is controlled by the speed of the inclined 
grate. A 4-1/2 foot vertical drop separates the inclined grate and the 
horizontal grate. The speed of the horizontal grate controls the depth of 
the waste bed. Bottom ash is discharged from the end of the horizontal 
grate into a water quench pit. 
designed to maintain a pressure seal between the combustor and the ash 
handling system. 

it moves through the furnace. 

1 

The plant accepts no commercial or industrial waste and 
Individuals are permitted to dump household 

There are two 2,850 cubic yard 

The water level in the quench pit is 

The water level is controlled by an automatic float valve. 
The traveling grates do not provide any agitation of the waste bed as 

As a result, burnout of the waste is not 

4-14 



TABLE 4.1-1. PHILADELPHIA NORTHWEST DESIGN DATA 

Combustor (two i d e n t i c a l  combustors): 

Capacity 
Grate Area 

I n c l i n e d  Grate 
Hor izonta l  Grate 

Combustor Dimensions 

Lower Chamber 
Upper Chamber 

E x i t  Breeching , 

- 375 tons per day each 
- 480 square f e e t  each 
- 8 f e e t  wide by 22 f e e t  long, 20' i n c l i n e  - 8 f e e t  wide by 40 f e e t  long 
- Each combustor cons is ts  o f  two connected chambers 

(See Figure 4-1.1) 
- 55 f e e t  long  by 8 f e e t  wide by 21  f e e t  h igh 
- 21 f e e t  long by 8 f e e t  wide by 13 f e e t  h igh 
- rectangular ,  8 f e e t  by 7 f e e t  

Gas Condi t ion ing ( i d e n t i c a l  f o r  each combustor): 

1 Spray Tower and 
1 Evaporation Tower 
Water Spray - 100 gpm, f i r s t  tower .on ly  

- - 14 f e e t  i n  diameter by 42 f e e t  h igh (each) 

Emission Contro ls  ( i d e n t i c a l  f o r  each combustor): 

Type - 2 - f i e l d  ESP 
Manufacturer - Combustion Engineering 
Gas Flow - 219,000 acfm a t  550 F 
C o l l e c t i n g  Area - 47,000 square f e e t  
SCA - 215 square f e e t  per  1000 acfm 
Dimensions - 11 x 33 x 22.4 f e e t  (11.2 f e e t  per f i e l d )  
Gas V e l o c i t y  - 4 f t / sec  
Gas Residence Time - 6 seconds 
C o l l e c t i o n  E f f i c i e n c y  - 97.5% 
E x i t  Concentrat ion - 0.02 gr /dsc f  a t  12 percent C02 
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completed prior to discharge from the horizontal grate to the quench pit. 
Based on visual observation, it was estimated that waste volume reductions 
are no greater than 50 to 75 percent. 

a height of approximately 17 feet from the top of the horizontal stoker to 
the roof. 
to about 32 feet, forming the upper rectangular combustion chamber, which 
was a burnout area for volatiles. The length of this chamber was 20 feet, 
7 inches. Combustion gases originally passed from the burnout chamber 
through a rectangular opening approximately 8 feet by 12 feet, 8 inches to 
the flue gas cleaning system. 
profile. 

combustors. First, the configuration of the upper combustor chamber was - 
altered by addition of structural steel refractory-lined arches on the front 
and rear walls of the chamber to reduce the cross-sectional area of the 
inlet to the upper chamber from its previous dimensions of 8 feet by 21 feet 
to an opening 8 feet wide by about 7 feet long. In addition, a vertical 
baffle was installed at the exit of the combustion chamber, and the water 
sprays which were previously at that location were moved approximately 
25 feet downstream into the first tower. These modifications were made in 
an attempt to increase mixing and flue gas retention time. 
o f  this type are not expected to have these types of modifications. 

A single forced-draft fan provides underfire air to both grates and 
overfire air to 3 rows of nozzles located on the top of the lower combustion 
chamber. There are 4 underfire plenums beneath the inclined grate and 
6 plenums beneath the horizontal grate. Each plenum has a separate manually 
operated damper to adjust air distribution. Each of the 3 overfire air rows 
consists of seven 4-inch diameter nozzles on 12-inch centers. T h e  first row 
is above the inclined grate near its center. 
dlrectly above the end of the inclined grate, and the third row is above the 
horizontal grate approximately one-third of the way along its total length. 
Each row has an individual damper which is either fully open or fully 
closed. No accurate estimates of underfire/overfire air splits are 
avail able. 

The original furnace configuration included a rectangular chamber with 

At a point 34 feet from the front wall the roof height increased 

Figure 4.1-1 shows the original combustor 

Several modifications have recently been made to each of the 

Other facilities 

The second row is located 
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A second f o r c e d - d r a f t  fan  suppl ies w a l l  c o o l i n g  a i r ,  which i s  
introduced i n t o  the'combustion chamber through s i x  4- inch diameter nozzles 
on each s i d e  o f  t h e  combustor a t  a l e v e l  approximately 6 inches above the 
t o p  o f  the h o r i z o n t a l  grate.  Add i t iona l  o v e r f i r e  a i r  p o r t s  which were 
loca ted  about 1-1/2 f o o t  above t h e  h o r i z o n t a l  g r a t e  are now br icked over and 
inoperable. 
t o  a he igh t  o f  2 t o  3 f e e t  above t h e  grates.  

There are a number o f  sources o f  a i r  leakage t o  t h e  combustor, 
i n c l u d i n g  t h e  space where t h e  waste drops from t h e  i n c l i n e d  g r a t e  t o  the 
h o r i z o n t a l  grate.  A s t e e l  p l a t e  with a v iewing p o r t  has been constructed a t  
t h i s  l o c a t i o n  t o  prevent p r o j e c t i l e s  from shoot ing o u t  o f  t h e  combustor, bu t  
the p l a t e  does n o t  r e s t r i c t  a i r f l o w  i n t o  the combustor. This area was 
o r i g i n a l l y  open. 
o f  t h e  combustion chamber, and on t h e  r e a r  wa l l  where t h e  h o r i z o n t a l  g r a t e  - 
dumps i n t o  t h e  ash quench p i t .  

The combustor has a l o c a l  requirement t o  operate above 1,4OO0F i n  order  
t o  minimize odors. 
loca ted  on t h e  s ide  w a l l s  i n  the r e a r  o f  the combustor. These readings are 
cont inuously  recorded on a c i r c u l a r  c h a r t  on t h e  c o n t r o l  panel i n  the Plant  
Superintendent's O f f i c e .  
a d j u s t i n g  combustion a i r  f lows and MSW feed rates.  No automatic c o n t r o l s  
are ava i lab le .  

V a r i a t i o n  o f  t h e  combustion a i r  d i s t r i b u t i o n  i s  l e f t  t o  t h e  d i s c r e t i o n  
o f  t h e  operator based on h i s  v isua l  observat ion o f  t h e  flame pat te rns  i n  the 
combustor. An automatic d r a f t  c o n t r o l  provides feedback t o  t h e  induced- 
d r a f t  fan; a negat ive d r a f t  o f  0.2 t o  0.5 inches o f  water i s  maintained by 
t h i s  c o n t r o l .  

achieved by feeding waste onto t h e  i n c l i n e d  g r a t e  u n t i l  i t  i s  covered, 
stopping t h e  grate,  and i g n i t i n g  the waste. 
i n c l i n e d  g r a t e  and becomes more intense, the gra te  i s  turned on. 
personnel i n d i c a t e d  t h a t  normal ly i t  takes 2 t o  3 hours t o  achieve t h e  
requ i red  operat ing temperature. 

S i l i c o n  carb ide blocks l i n e  t h e  lower p o r t i o n  o f  t h e  combustor 

Inspec t ion  p o r t s  a r e  a lso  loca ted  on t h e  upper f r o n t  w a l l  

This temperature i s  v e r i f i e d  by two thermocouples 

The temperatures are maintained by manually 

There i s  no a u x i l i a r y  f u e l  a v a i l a b l e  i n  e i t h e r  combustor. S tar t -up  i s  

As the flame t r a v e l s  up the 
Plant  
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4.1.1.2 Emission Control Svstem Desian and Ooeration. Each combustor 
is equipped with one spray tower, one evaporation tower and an electrostatic 
precipitator (ESP). 
refractory-1 ined breeching connecting the combustor to the first of the two 
cylindrical towers, both of which are 14 feet in outer diameter and 
approximately 42 feet high. 

A spray ring with 14 air atomizing spray nozzles located in the first 
tower provides up to 200 gpm of city water for quenching the gas. 
second tower provides additional residence time for water evaporation and 
gas cooling. 
pressure. The water injection rate is automatically controlled to maintain 
the ESP inlet temperature at 550°F, as recommended by the ESP manufacturer. 
A circular chart recorder on the control panel records the ESP inlet 
temperature, and a strip chart recorder records the actual water Plow rate, 
which is normally about 100 gpm. 
sound an alarm and then shut down the system induced-draft fan. The bottom 
of each tower is open to the residue quench pit which removes any large ash 
particles that accumulate in the tower and maintains the tower pressure 
seal. 

ESP. The precipitators on both combustors are identical 2-field units 
manufactured by Combustion Engineering and were rebuilt in 1986 according to 
designs by Research Cottrell. The ESP's are reportedly designed to handle 
219,000 acfm at 55OoF with 47,000 square feet of collecting plate area; 
specific collection area (SCA) is 215 ft /1,000 acfm. Each ESP vents to a 
separate stack. Emissions were nearly invisible during the visit (opacity 
less than 5 percent). A continuous opacity monitor is the only monitoring 
equipment instal 1 ed. 

transformer-rectifier and is equipped with instrumentation for monitoring 
primary voltage, primary current, and secondary current. The instruments 
are located on the control panel and recorded by the operator hourly. 
Values noted on one field at the time of the visit were 300 volts AC, 
170 amps AC and 1,050 ma DC. 

Furnace exhaust gases pass through a section of 

The 

Booster pumps are installed to provide necessary water 

Excessive ESP inlet temperature will first 

Cooled gases exit the top of the second tower through breeching to the 

2 

Each ESP field is energized by a 1,250 ma, 104 KVA silicon 
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There are a lso  t i m e r  c o n t r o l l e r s  loca ted  on t h e  panel f o r  a c t i v a t i n g  
The c o l l e c t i o n  hoppers i n  t h e  rapping system on each f i e l d ’ s  e lect rodes.  

both f i e l d s  are equipped w i t h  res is tance heaters.  
f o r  these heaters are a lso  loca ted  on t h e  c o n t r o l  panel. 
blower which provides preheated a i r  from a res is tance heater  t o  t h e  
i n s u l a t o r s  on bo th  f i e l d s  o f  t h e  p r e c i p i t a t o r .  
panel f o r  moni tor ing t h e  i n s u l a t o r  blower motor current .  

97.5 percent c o l l e c t i o n  e f f i c i e n c y  wi th  an e x i t  PM concentrat ion o f  
0.02 gr /dscf .  
according t o  EPA Method 5. 

quench p i t  as t h e  bottom ash and t h e  p a r t i c u l a t e  removed i n  t h e  c o o l i n g  
towers. 
conveyor a t  a speed o f  8 f e e t  p e r  minute. 
quench p i t  and t h e  res idue i s  discharged from t h e  end o f  t h e  drag conveyor 
i n t o  w a i t i n g  t rucks  (20 cubic yard capac i ty  each). Ash disposal  costs  are 
$52.00 per ton. 
t o  t h e  c i t y  sewer system. 
4.1.2 Descr iDt ion o f  Model P lan t  

4.1.2.1 Combustor Design and Ooeration. Table 4.1-2 presents basel ine 
data f o r  t h e  model p lan t .  For purposes o f  model development, it was assumed 
t h a t  t h e  model comprises two combustors w i t h  operat ing c a p a c i t i e s  o f  375 tpd 
of MSW each. As shown i n  Table 4.0-1. ac tua l  u n i t  capac i t ies  f o r  combustors 
i n  t h i s  subcategory range from 225 t o  375 tpd. 

i s  t y p i c a l  o f  t h e  e x i s t i n g  f a c i l i t i e s  represented by t h i s  model p lan t .  The 
model cons is ts  o f  a rectangular  r e f r a c t o r y - l i n e d  furnace w i t h  two t r a v e l i n g  
g r a t e  sect ions.  Waste i s  de l i vered  by crane t o  a water-cooled g r a v i t y  feed 
chute which cascades t h e  feed onto an i n c l i n e d  grate. 
c o n t r o l l e d  by t h e  speed o f  t h e  i n c l i n e d  grate.  
drops v e r t i c a l l y  approximately 4 1/2 f e e t  onto a h o r i z o n t a l  t r a v e l i n g  g r a t e  
where burn o u t  i s  completed. 
hor izontal  f i n i s h i n g  g r a t e  i n t o  a w a t e r - f i l l e d  quench p i t .  The combustor 

Temperature c o n t r o l l e r s  
There i s  a s i n g l e  

An ammeter i s  loca ted  on the 

Acceptance t e s t i n g  o f  t h e  r e b u i l t  p r e c i p i t a t o r s  showed approximately 

The t e s t s  were performed i n  February 1987 and were conducted 

The f l y  ash c o l l e c t e d  i n  t h e  p r e c i p i t a t o r  i s  discharged t o  t h e  same ash 

The combined res idue i s  p u l l e d  up a 6 - f o o t  drag chain-type i n c l i n e d  
Excess water d r a i n s  back i n t o  the 

The p l a n t  r e p o r t e d l y  discharges 200 t o  300 gpm o f  wastewater 

The o r i g i n a l  design c o n f i g u r a t i o n  o f  t h e  Phi ladelph ia NW i n c i n e r a t o r s  

The feed r a t e  i s  
The i n c l i n e d  g r a t e  discharge 

Bottom ash i s  discharged from t h e  end o f  t h e  
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TABLE 4.1-2. MODEL PLANT BASELINE DATA 

Combustor: 
Capacity 
Grate Area 
Combustor 

- 2 u n i t s  a t  375 tons per day each - 480 square f e e t  

- Combustors each cons is t  o f  two connected chambers - 55 f e e t  l ong  by 8 f e e t  wide by 21 f e e t  h igh 
- 21 f e e t  l ong  by 8 f e e t  wide by 13 f e e t  h igh  
- rectangular,  8 f e e t  by 13 f e e t  

Conf igura t ion  

E x i t  Breeching 
Design Percent 

Excess A i r  - 200 percent 
Tota l  Excess A i r  
( i n c l u d i n g  in leakage) - 250 percent 

Gas Condi t ion ing:  
I n l e t  PM Loading 
2 lowers 
Uater Spray 

Emission Controls:  
Type - 2 - f i e l d  ESP 
Gas Flow 
C o l l e c t i n g  Area 
SCA 
I n l e t  PM Loading 

Lower Chamber 
Upper Chamber 

- 3.0 gr/dscf  a t  7 percent O2 - Diameter 14 f e e t  by he ight  42 f e e t  (each) - 147 gpm, f i r s t  tower on ly  

- 224,000 acfm a t  55OoF 
- 42,500 square f e e t  - 190 square f e e t  per 1000 acfm 
- 0.7 gr /dscf  a t  7 percent O2 

Stack Emissions: a 
CDD/CDF ( t e t r a - o c t a )  
CO - 500 DDmv 

- 6,000 ng/dscm (1.5E-6 gr /dscf )  

PM - O.OB'gr/dscf 
HC1 - 500 ppmv 
so - 200 ppmv 
So?id Waste 

Stack Parameters: 
Height - 100 f e e t  
Diameter - 8 f e e t  

Remaining P lan t  L i f e  - 15 years 
Annual Operat i ng 

Annual Operating 

- 187.5 tons per  day 

Operating Data: 

Hours - 6,500 

cos t  - B,457,000/year 

a A l l  values are on a dry,  7 percento02 bas is .  Normal and standard 
cond i t ions  are 1 atmosphere and 70 F. 
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arrangement i s  t he  same as shown i n  F igure 4.1-1.  A p l o t  p lan  o f  t he  model 
p l a n t  i s  shown i n  F igure  4.1-2 .  

There are 4 i n d i v i d u a l  a i r  plenums supplying u n d e r f i r e  a i r  t o  the  
i n c l i n e d  g ra te  and 6 plenums beneath the  hor izon ta l  g ra te .  A s i n g l e  
fo rced -d ra f t  fan provides u n d e r f i r e  and o v e r f i r e  a i r  t o  each combustor. 
O v e r f i r e  a i r  i s  suppl ied through 3 rows o f  nozzles i n  the  combustor roo f ,  
s i m i l a r  t o  the  cu r ren t  arrangement a t  Ph i lade lph ia  NW. 
suppl ied along the  combustor s ide  wa l l s  a t  a l e v e l  j u s t  above the grate.  
These design features are expected t o  be f a i r l y  t y p i c a l  o f  o ther  p lan ts  i n  
t h i s  subcategory. 

excess a i r .  
t h i s  may be considered a representa t ive  value f o r  p lan ts  o f  t h i s  design. 
add i t i ona l  50 percent excess a i r  i s  assumed t o  be due t o  inleakage i n  the  
model p l a n t .  As discussed i n  Sect ion 4.1 .1 .1 ,  t h i s  add i t i ona l  a i r  i s  drawn 
i n t o  the  combustor through numerous openings i n  the furnace wa l ls .  This i s  
a lso  considered t y p i c a l  o f  o lde r  r e f r a c t o r y - w a l l  combustors. A t  250 percent 
excess a i r  t he  f l u e  gas f l o w  r a t e  from the  combustor i s  approximately 
90,900 scfm (84,300 dscfm). 
f l u e  gas products r e s u l t i n g  from combustion o f  the  waste feed. 

model p l a n t  i s  rec tangu lar  and conta ins no r e f r a c t o r y  arches o r  b a f f l e s  such 
as those c u r r e n t l y  i n  p lace a t  Ph i lade lph ia  NW. 
a u x i l i a r y  f u e l  i n  the  model p l a n t .  These design assumptions are t y p i c a l  o f  
the  m a j o r i t y  o f  p l a n t s  represented by t h i s  model. 

4.1.2.2 Emission Cont r o l  Svstem Desian and Ooeration. As shown i n  
Table 4.0-1, 4 o f  the  6 p l a n t s  i n  t h i s  subcategory are equipped w i t h  ESP’s. 
The Ph i lade lph ia  NU p l a n t  has r e c e n t l y  r e b u i l t  2 - f i e l d  ESP w i t h  p a r t i c u l a t e  
mat ter  (PM) emissions o f  0.02 gr /dscf  adjusted t o  12 percent C02. The 
Ph i lade lph ia  Eas t  Central  (EC) p lan t ,  another member of, t he  mass burn 
r e f r a c t o r y  category, has an o lde r  2 - f i e l d  ESP w i t h  the  same SCA t h a t  has the 
a b i l i t y  t o  meet the  0.08 gr/dscf  PM emission l i m i t .  For the  model p lan t ,  i t  

w i l l  be assumed t h a t  most e x i s t i n g  p l a n t s  are s i m i l a r  t o  Ph i lade lph ia  EC 
f r o m  a p a r t i c u l a t e  con t ro l  performance standpoint. 

Cooling a i r  i s  a l s o  

I t i s  assumed t h a t  each o f  the  model u n i t s  operates a t  200 percent 
Based on l i m i t e d  measured data ava i l ab le  from Ph i lade lph ia  NW, 

An 

This f i g u r e  includes the  c o n t r i b u t i o n  o f  the  

As s ta ted prev ious ly ,  the  upper combustor chamber con f igu ra t i on  o f  the 

There i s  no source o f  
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Both o f  the  Ph i lade lph ia  p l a n t s  (NU and EC) use water quench systems 
f o r  f l u e  gas temperature reduct ion.  Use o f  water sprays i s  t y p i c a l  f o r  t h i s  
c lass  o f  combustors and i s  assumed f o r  the model p lan t .  It i s  assumed t h a t  
the  water sprays reduce the  temperature o f  the  f l u e  gases t o  55OoF before 
they en ter  t he  ESP. 

basel ine emission r a t e s  f o r  the model p lan t .  Basel ine uncont ro l led  COO/COF 
emissions are assumed t o  be 4,000 ng/dscm. 
and operat ing p rac t i ces  which are n o t  representa t ive  o f  good combustion. 
Research i nd i ca tes  t h a t  ESP's operat ing i n  the 500 t o  6OO0F temperature 
range promote format ion o f  COD/CDF and can increase e x i t  concentrat ions by 
50 percent over combustor e x i t  leve ls . '  
assumed t o  have CDD/CDF emissions o f  6,000 ng/dscm corrected t o  7 percent O2 
a t  t he  stack e x i t .  

combustors i s  2.0 gr /dscf  a t  12 percent CO . 
h igher  i n  r e f r a c t o r y - w a l l  combustors, a g rea ter  amount o f  p a r t i c u l a t e  mat ter  
i s  assumed t o  be c a r r i e d  out  o f  t he  combustor. 
PM emission r a t e  o f  3.0 gr /dscf  a t  7 percent O2 i s  assumed f o r  basel ine 
cond i t ions .  

used i n  the  past  as an i n d i c a t o r  o f  CDD/CDF emissions. 
basel ine CO emissions o f  500 ppmv are assumed. Basel ine uncont ro l led  H C l  
and SO2 emissions are selected t o  be 500 ppmv and 200 ppmv, respec t i ve l y .  

achieves 50 percent weight reduct ion.  A t  a nominal 375 tons o f  MSW per day, 
the  bottom ash (dry)  i s  est imated t o  be 187.5 tons/day. It i s  assumed t h a t  
the  bottom ash and f l y  ash are mixed and co-disposed. as i s  t he  p r a c t i c e  a t  
Phi ladelph ia.  General ly, f l y  ash accounts f o r  about 5 percent o f  t he  t o t a l  
ash. 
4.1.3 Good Combustion and Exhaust Gas Temoerature Con t ro l  

combustion a t  t he  model p l a n t  descr ibed above. 

4.1.2.3 bv i ronmen ta  1 Basel ine . Table 4.1-2 presents the  environmental 

These l e v e l s  are due t o  design 

Therefore, the  model p l a n t  i s  

An average uncont ro l led  PM emission r a t e  i n  mass burn waterwal l  
2 Because excess a i r  l e v e l s  are 

Therefore, an uncont ro l led  

Emissions o f  CO c o r r e l a t e  we l l  w i t h  combustion e f f i c i e n c y  and have been 
F o r  the model p lan t ,  

The model p l a n t  reduces incoming waste volumes by 75 percent, and 

The f o l l o w i n g  sect ions out1 i n e  r e t r o f i t s  necessary t o  i nsu re  good 
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4.1.3.1 Descriotion of Modifications 
Pesian Modifications 
Grate Reolacement. Each unit is equipped with two traveling stokers 

which move the waste feed through the combustor. 
burn systems do not provide agitation and subsequent aeration of the fuel 
bed in the manner that rocking or reciprocating grates do. 
grates, therefore, are less able to provide good fuel bed burnout, 
particularly if specified grate loading rates are not carefully maintained. 

emissions. Retrofits necessary to insure good combustion and minimum levels 
of air emissions are: 

Traveling grates in mass 

Traveling 

Excessive bed loadings contribute to high concentrations of organic 

1) 

2) 

replace the traveling grate system with reciprocating grate 
sections that are equipped with individually controllable 
underfire air supplies. 
add a ram feeder to establish good feed control. - 

Grate replacement requires extensive demo1 ition and some redesign of the 
existing structural steel and refractory brickwork. The new design includes 
3 grate sections per furnace, each supplied by 2 separate underfire air 
plenums. 
pressure monitor/recorder. New siftings and ash hoppers and a new ash 
conveyor are also required as part of this modification. 
a new ram feeder is included as part of grate replacement for each unit. 

In addition to improving waste burnout and reducing solids disposal 
requirements, this retrofit will result in better control o f  feed rates, 
fuel bed distribution, supply of underfire air, and location of burning 
patterns on the grate. These improvements will help to optimize destruction 
of organic compounds in the combustor and will also reduce CO emission 
levels. 

is not adequate to achieve good combustion. 
model is provided in Figure 4.1-3. The reconfiguration includes a 
refractory-lined structural steel arch which is located on the rear wall of 
the furnace. 
raised in order to increase the available volume for completing the mixing 

Each of the 6 plenums is equipped with an individual damper and 

It is assumed that 

Furnace Reconfiauratipn. The base1 ine configuration of the model plant 
A conceptual redesign of the 

In addition, the roof of the upper combustion chamber has been 
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. .  

process. This  r e t r o f i t  requ i res  p a r t i a l  demol i t ion o f  the e x i s t i n g  furnace 
wa l l s  and roo f ,  and cons t ruc t ion  o f  a new furnace s h e l l  and r e f r a c t o r y  
brickwork. 

combusti on A i r f l o w  Mod i f i ca t ions  
The fo l l ow ing  design and operat ional  mod i f i ca t ions  must be made t o  the 

model p lan t ' s  combustion a i r  system. 

Excess a i r  operat ing l e v e l s  w i l l  be reduced from 200 t o  
150 percent excess a i r .  Th is  mod i f i ca t i on  has a number o f  
b e n e f i c i a l  e f f e c t s  on system performance. F i r s t ,  furnace 
operat ing temperatu6es can be maintained a t  h igher  l e v e l s  
(approximately 1800 F a t  t he  f u l l y  mixed l o c a t i o n ) .  Secondly, 
lower excess a i r  l e v e l s  reduce the  po ten t i a l  f o r  p a r t i c u l a t e  
carryover  by lower ing v e r t i c a l  v e l o c i t i e s  i n  the upper furnace. 
Las t ly ,  reduced excess a i r  l e v e l s  increase the  SCA o f  e x i s t i n g  
e l e c t r o s t a t i c  p rec ip i t a to rs ,  r e s u l t i n g  i n  improved p a r t i c u l a t e  
removal. 
combustor w i l l  be reduced t o  61,700 scfm (57,900 dscfm) per u n i t .  - A t  150 percent excess a i r ,  t o t a l  gas f low from the  

Each o f  t he  th ree  new gra tes  has two independently c o n t r o l l a b l e  
a i r  plenums w i t h  i n d i v i d u a l  supply dampers, duct ing,  and pressure 
monitors.  Approximately 125 percent t h e o r e t i c a l  a i r  (50 percent 
o f  t o t a l  a i r )  i s  suppl ied t o  the  s i x  under f i re  plenums. The 
u n d e r f i r e  a i r  d i s t r i b u t i o n  i s  estab l ished as a r e s u l t  o f  
operat ional  performance tes ts .  The under f i re  a i r  supply t o  the 
d r y i n g  g ra te  a lso includes a na tura l  gas burner which can be f i r e d  
as needed f o r  a i r  preheat when feeding w e t  refuse. 

New o v e r f i r e  a i r  headers, nozzles, dampers, duct ing,  and pressure 
monitors are i n s t a l l e d  t o  prov ide a source o f  a i r  f o r  mixing. Two 
rows o f  i n t e r l a c e d  nozzles are required, as shown i n  F igure 4.1-3 .  
Flow modeling s tud ies w i l l  be used t o  es tab l i sh  nozzle sizes, 
o r i en ta t i on ,  spacing, etc. In- furnace CO p r o f i l i n g  w i l l  be used 
t o  prov ide v e r i f i c a t i o n  o f  mix ing pat terns.  The quan t i t y  o f  a i r  
suppl ied through the  o v e r f i r e  mix ing nozzles i s  approximately 
75 percent t h e o r e t i c a l  a i r ,  o r  30 percent o f  t o t a l  a i r .  

The e x i s t i n g  o v e r f i r e  a i r  nozzles, comprising th ree  rows on the  
furnace c e i l i n g ,  are re ta ined  f o r  use as coo l i ng  a i r .  
Approximately 50 percent o f  t h e o r e t i c a l  a i r  (20 percent o f  t o t a l  
a i r )  i s  suppl ied by these e x i s t i n g  rows. New header pressure 
monitors are requ i red  as p a r t  o f  t he  system r e t r o f i t .  

The l a s t  improvement t o  the  combustion a i r  system i s  the  
e l i m i n a t i o n  o f  a i r  inleakage as a r e s u l t  o f  the  g ra te  replacement 
and furnace reconf igura t ion .  This r e s u l t s  i n  g rea ter  operat ional  
s t a b i l i t y ,  which cont r ibu tes  t o  lower a i r  emissions. 
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Auxiliary Fuel. The modified model plant has two auxiliary fuel 
burners sized to provide 60 percent of unit full load ( 8 4 . 4  MM Btu) for use 
during process start-up and during episodes of low temperature and high CO. 
The first burner is located at the head of the primary combustion chamber 
above the drying grate, and it is used to ignite the waste and maintain 
primary combustion chamber temperature during start-up. A second gas burner 
is located in the upper chamber just downstream of the mixing air nozzles. 
Location of the burner in the upper chamber helps achieve the requirement of 
1800°F at the fully mixed height during start-up, shutdown, and other 
episodes of high CO or low temperature. The upper auxiliary fuel burner 
also preheats and maintains the temperature of the flue gas cleaning 
equipment prior to initiating waste feeding and during shutdown. 
minimizes corrosion problems, thus improving system environmental and 
operational performance. The optimum location and orientation of the burners 
in the modified model will be established by flow modeling. - 

ODeration/Control Modifications 
Minimize Residence Time at Critical Temoerature. The goal of this 

operational modification is to minimize the effects of downstream COO/COF 
formation by minimizing the residence time of flue gases in the 500 to 600°F 
range, where research indicates that CDD/CDF formation is maximized. The 
model plant normally operates the water quench system at a flow rate that 
maintains a temperature of 55OoF in the ESP. 
be modified in order to lower the ESP temperature below the critical 
temperature window. 
point on the ESP temperature controller to increase the quench water flow 
rate and reduce the ESP temperature to 45OOF. This temperature provides an 
ample factor of safety in avoiding acid gas dew point problems. 

control scheme is entirely manual. 
improved controls are necessary. 
primary variables to include in the control scheme are excess oxygen and 
temperature. 
automatically adjusts the amount and distribution o f  underfire air in 

This 

This operating practice must 

The modification requires an adjustment to the set 

Combustion Control. In the base1 ine configuration the combustion 
A s  part of the combustion modifications 

Because there is no steam production, the 

The revised controls include an oxygen trim loop which 
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response t o  a s igna l  from an oxygen c o n t r o l l e r .  A temperature c o n t r o l l e r  i s  
inc luded w i t h  an alarm a t  h igh  and low setpoints .  Over f i re  a i r  ra tes  are 
kept constant. Adjustments i n  o v e r f i r e  a i r  and g ra te  speed w i l l  be made 
manual 1 y , i f  needed. 

Y e r i f i c a t i o n .  V e r i f i c a t i o n  o f  good combustion cons is ts  o f  insur ing  
t h a t  the  system i s  operat ing according t o  i t s  design. There are a number o f  
operat ing parameters t h a t  must be monitored and c o n t r o l l e d  i n  order t o  
achieve t h i s  ob jec t ive .  A t  a minimum, r e f r a c t o r y - w a l l  combustors must 

cont inuously  monitor: 
u n d e r f i r e  and o v e r f i r e  a i r  flows (pressure se t t i ngs )  

O2 (excess a i r )  and CO i n  the  f l u e  gas 

1) 
2) combustor d r a f t  

3 )  
4) combustor temperature. 
Under f i re  and o v e r f i r e  a i r f l o w s  are monitored by mainta in ing spec i f ied  

Flue gas O2 and CO measurements must be a t  the  same l o c a t i o n  
pressures i n  supply headers. Combustor d r a f t  i s  maintained by a var iab le -  
speed I D  fan. 
i n  the  system so t h a t  t he  CO reading can be corrected t o  a standard value, 
such as 7 percent 02. Combustor temperature requirements are spec i f i ed  a t  a 
l o c a t i o n  where the  mix ing process i s  completed, j u s t  downstream o f  the l a s t  
p o i n t  o f  o v e r f i r e  a i r  i n j e c t i o n .  

requ i red  t o  implement a l l  o f  the  combustion r e t r o f i t  opt ions i s  
approximately 4 months per u n i t .  

the  design, operat ion/contro l ,  and v e r i f i c a t i o n  requirements f o r  good 
combustion f o r  mass burn r e f r a c t o r y - w a l l  combustors represented by t h i s  
model p lan t .  Through the  proper app l i ca t i on  o f  the above combustion 
r e t r o f i t  opt ions,  i t  i s  est imated t h a t  uncontro l led emissions o f  CDD/CDF 
w i l l  be reduced t o  500 ng/dscm corrected t o  7 percent 02.2 I n  add i t ion ,  
emissions o f  CO are estimated t o  be reduced t o  150 ppm on a 4-hour averaging 
time. No change i n  uncont ro l led  p a r t i c u l a t e  emissions i s  expected. 
Emissions o f  H C l  and SO2, because they are r e l a t e d  t o  feed proper t ies ,  a r e  
a lso no t  expected t o  vary due t o  combustion modi f icat ions.  

- 

b t r o f i t  Con s ide ra t i on f .  It i s  est imated t h a t  the  combustor downtime 

4.1.3.2 Envi ron  mental Performance . The combustion r e t r o f i t s  address 
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4.1.3.3 m. This sec t ion  provides estimates o f  t o t a l  c a p i t a l  and 
annual operat ing and maintenance (OM) costs  f o r  i d e n t i c a l  combustion 
r e t r o f i t s  t o  both cpmbustion u n i t s .  Cap i ta l  costs  represent the  i n s t a l l e d  
equipment costs,  i nc lud ing  engineer ing and const ruct ion.  D i r e c t  and 
i n d i r e c t  c a p i t a l  costs  are sumnarized i n  Table 4.1-3. Operating and 
maintenance costs  inc lude a l l  u t i l i t i e s ,  labor ,  and ash d isposal  costs.  
These est imated costs  are presented i n  Table 4.1-4. 

The t o t a l  est imated c a p i t a l  cos t  o f  the  combustion r e t r o f i t s  i s  
$11,900,000. Downtime cost, r e s u l t i n g  from l o s t  revenue, i s  $846,000. The 
annualized c a p i t a l  and downtime cos t  i s  $1,680.000 per year, based on a 10 
percent i n t e r e s t  r a t e  and 15-year p l a n t  l i f e .  
$1,330,000, i nc lud ing  a cos t  saving o f  $1,220,000 f o r  reduced ash disposal 
costs.  
4.1.4 Good P a r t i  cu la te  Cont r o l  

a t  t he  combustor o u t l e t  t o  0.7 gr /dscf  a t  the  o u t l e t  o f  t he  quench towers. 
The e x i s t i n g  ESP’s reduce PM loadings from 0.7 gr /dscf  a t  the  ESP i n l e t  t o  
0.08 gr /dsc f  a t  the  o u t l e t .  
requ i red  by the  e x i s t i n g  NSPS f o r  PM emissions from MWC’s. 

4.1.4.1 p e s c r i a t i o n  o f  Mod i f i ca t ions .  To reduce PM emissions t o  
0.05-gr/dscf, the  e x i s t i n g  ESP‘s have t o  be r e b u i l t .  This r e b u i l d  w i l l  
i nc lude rep lac ing  worn o r  damaged i n t e r n a l  components (p la tes ,  frame and 
electrodes),  upgrading o f  con t ro l s  and e lec t ron i cs  f o r  more e f f e c t i v e  
energ izat ion,  and f l ow  modeling t o  evaluate gas d i s t r i b u t i o n .  
d i s t r i b u t i o n  minimizes p a r t i c u l a t e  re in t ra inment  and equal i zes  p a r t i c u l a t e  
c o l l e c t i o n  across the  w id th  and he igh t  o f  the  ESP. These mod i f i ca t ions  do 
no t  inc lude major changes such as add i t i ona l  c o l l e c t i o n  area o r  p l a t e -  
e lec t rode geometry changes. 

Space i s  s u f f i c i e n t  t o  a l low ESP-rebuild work on one u n i t  wi thout  
h inder ing  operat ion o f  the  adjacent u n i t .  
w i l l  be requ i red  f o r  each u n i t .  

be reduced f r o m  basel ine l e v e l s  o f  0.08 gr /dscf  t o  0.05 gr /dscf .  This 

add t t i ona l  f l y  ash recovery w i l l  add 60 tons/year t o  the  p l a n t  s o l i d  waste 

T o t a l  annualized cost  i s  

The e x i s t i n g  quench towers reduce basel ine PM loadings f r o m  3.0 gr/dscf 

This  l e v e l  i s  equal t o  the  0.08 gr /dscf  

Even gas 

Approximately 2 months downtime 

4.1.4.2 -tal Per fonancg.  Pa r t i cu la te  mat ter  emissions w i l l  
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TABLE 4.1-3.. PLANT CAPITAL COST FOR COMBUSTION MODIFICATIONS 
(Two units of 375 tpd each) 

Item cost (SlOOO) 

DIRECT COSTS: 

Flow Modeling and Thermal Analysis 
Overfire Air Ducting and Dampers 
Gas Pipeline (1/2 mile) 
Auxi 1 iary Fuel Burners 
Stokers Rehabilitation 
Underfire and Overfire Airflow Monitors 
Oxygen and CO Monitors with Readouts and Integrators 
CO Profi 1 ing 
Air Preheat 
Oxygen Trim Controls on FO Fan 
Furnace Reconfiguration 

Total 

INDIRECT COSTS AND CONTINGENCIES: 

TOTAL CAPITAL COSTS 

DOHNTIME COST 

125 
34 
50 
203 

2,800 
33 
90 
10 
4 

25 
4.080 
7,460 

4,470 

11,900 

846 

ANNUALIZED CAPITAL COST AND DOWNTIME 1,680 
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TABLE 4.1-4.  PLANT ANNUAL COST FOR COMBUSTION MODIFICATIONS 
(Two u n i t s  o f  375 tpd each) 

I tem cost ($1000) 

DIRECT COSTS: 

A u x i l i a r y  Gas Consumption 
Ash Disposal C o s t s  
Water 
Maintenance Labor 
Maintenance M a t e r i a l s  
Operating Labor 

INDIRECT COSTS: 

Overhead 
Taxes, Insurance, Administrat ive 
Cap i ta l  Recovery and Downtime 

316 a 

7 
(1,220) 

2 i  
21 

0 
Total  ( 854)a 

25 
477 

1.680 
Total  2,180 

TOTAL ANNUALIZED COST 1,330 

'Denotes cost savings. 
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disposal requirements. This increase is roughly 0.1 percent of the existing 
disposal quantity. . Emissions of CDD/CDF and acid gases are assumed to not 
be affected by this modification. 

units are presented in Table 4.1-5. Total capital cost is estimated to be 
$962,000. This figure includes purchased equipment, installation, and 
indirect costs such as engineering and contingencies. 
moderate APCO congestion level, no additional general facilities, and no 
purchased land. 

Annual costs are presented in Table 4.1-6. Direct O&M costs are 
estimated at $2,000 per year. 
based on a 10 percent interest and 15-year life is $182,000 per year. Total 
annualized costs are $184,000 per year. 
4.1.5 Best Particulate Control - 

4.1.5.1 DescriDtion of Modifications. To achieve PM emissions level 
of 0.01 gr/dscf with an inlet grain loading of 0.7 gr/dscf will require a 
well-operated ESP with 56,200 square feet of collection for each combustor. 
To achieve this performance, each existing ESP will be rebuilt and a second 
ESP with 13,700 square feet of plate area will be installed in series at the 
outlet of each existing ESP. 
replacing worn components, upgrading controls, and flow modeling. As shown 
in Figure 4.1-4, installation of each new ESP will require relocation of an 
ID fan and 75 feet of new ducting to an existing stack. Most of the 
construction of the new ESP’s can be accomplished without disrupting 
operation. 
units will be approximately 2 months for each unit. 

be reduced from 0.08 gr/dscf to 0.01 gr/dscf. 
fly ash will add roughly 140 tons/yr t u  total solid waste disposal 
requirements. This is a 0.2 percent increase in fly ash to disposal. 
Emissions of CDD/CDF and acid gases are assumed to not be affected by this 
modification. 

in Table 4.1-5, are estimated to be $3,280,000. This includes purchased 
equipment, installation, and indirect costs such as engineering and 

4.1.4.3 m. Capital cost requirements for ESP rebuild for both 

Estimates assume a 

Downtime cost is $423,000 for lost revenue. 

Annualized capital recovery and downtime 

Rebuild of the existing ESP’s will include 

Downtime for rebuild of the existing ESP’s and tie-in of the new 

4.1.5.2 Environmental Performance. Particulate matter emissions wi 1 1  
The additional recovered 

4.1.5.3 w. Capital cost requirements for the new ESP, presented 
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TABLE 4.1-5. CAPITAL COST OF PARTICULATE MATTER CONTROL UPGRADES 
(Two units o f  375 tpd each) 

costs ($1000) 

Best Particulate 
Control 

Good (ESP Rebuild 
Item Particulate Control and Additional 

(ESP Rebuild Only) Plate Area) 

DIRECT COSTS: 

PM Control 
Upgrade Costs 
Access/Congest i on Cost 

Ducting Costs 
Access/Congestion Cost 

Other Equipment 
Stacks 
Demo1 i tion/Relocation 

New Flue Gas Ducting 

Total 

Indirect Costs and Contingencies 

Monitoring Equipment 

TOTAL CAPITAL COST 

DOUNTIHE COST 

ANNUALIZED CAPITAL RECOVERY 

b 

800, 
NA 

NA 
NA 

NA 

800 

162 

0 

962 

423 

182 

2,190 
346 

95 - 
24 

0 
0 

2,650 

63 1 

0 

3,280 

423 

487 

aNA - not applicable. 
bTurn key. 
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TABLE 4.1-6. PLANT ANNUAL COST FOR PARTICULATE MATTER CONTROL UPGRADES 
(Two u n i t s  o f  375 tpd)  

I tem 

cost  1S1000) 

Best P a r t i c u l a t e  
Control  

Good (ESP Rebui ld and 
P a r t i c u l a t e  Control  and Add i t iona l  
(ESP Rebuild Only) P la te  Area) 

DIRECT COSTS: 

Operating Labor 0 0 
Supervis ion 0 0 
Maintenance Labor 0 0 
Maintenance Mater ia ls  0 25 
E l e c t r i c i t y  0 11 - 
Waste O i  sposal 2 5 
Monitors - 0 

Tota l  2 41 
- 0 

INDIRECT COSTS: 
Overhead 0 15 
Taxes, Insurance, and 

Admin is t ra t ion  0 99 
Capi ta l  Recovery and 182 487 

Downtime 
Tota l  182 601 

TOTAL ANNUALIZED COST 184 642 
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Figure 4.1-4. Plot P1 an o f  New ESP P1 ate 
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cont ingencies.  
150 f e e t  o f  add i t iona l  duct, no a d d i t i o n a l  general f a c i l i t i e s ,  and no 
purchased 1 and. 

Annual costs are presented i n  Table 4.1-6. D i r e c t  O&M costs are 
estimated a t  $41,000 per year.  To ta l  annualized costs i n c l u d i n g  c a p i t a l  
recovery are estimated a t  $642,000 per  year.  
4.1.6 Good Acid Gas Control  

good CDO/CDF c o n t r o l  on on each combustor, d r y  sorbent w i l l  be i n j e c t e d  i n t o  
t h e  e x i s t i n g  evaporation chamber ( i .e . ,  the second tower).  The water quench 
system on t h e  e x i s t i n g  spray chamber (i.e., the f i r s t  tower) w i l l  remain i n  
place. An a d d i t i o n a l  25 gpm w i l l  be used t o  cool the f l u e  gas t o  350°F from 
45OoF, i f  good combustion prac t ices  are i n  place; 35 gpm w i l l  be requ i red  
under basel ine combustion condi t ions t o  cool from 55OoF. 
t h e  s i t e  includes a s i n g l e  sorbent storage s i i o ,  a pneumatic sorbent 
conveying system, two sorbent feed b i n s  (one f o r  each u n i t ) ,  and pneumatic 
i n j e c t i o n  nozzles f o r  each evaporat ion chamber. No o t h e r  mod i f i ca t ions  t o  
the evaporat ion chamber w i l l  be requi red.  Hydrated l i m e  sorbent w i l l  be fed 
a t  a ca lc ium- to-ac id  gas molar r a t i o  o f  2 : l .  A t  f u l l  load, t h i s  requi res a 
sorbent i n j e c t i o n  r a t e  o f  425 l b / h r  f o r  each combustor. 

I n  addi t ion,  the e x i s t i n g  ESP’s w i l l  be r e b u i l t  and new p l a t e  area 
added t o  reduce PM emissions t o  0.01 gr/dscf .  The r e b u i l d  w i l l  inc lude 
rep lac ing  worn components, upgrading c o n t r o l s  and f low modeling, but no 
major geometry changes. An add i t iona l  49,000 square f e e t  o f  ESP p l a t e  area 
w i l l  be added t o  each ESP under basel ine combustion cond i t ions  and 
30,200 square f e e t  under good combustion. The area w i l l  be i n s t a l l e d  using 
a separate ESP loca ted  i n  s e r i e s  behind each e x i s t i n g  ESP. 
inc ludes moni tor ing equipment f o r  HC1, SO2, C02, and 02. 
a p l o t  p lan  o f  the equipment arrangement. 

There are no access/congestion problems r e l a t e d  t o  t h e  evaporat ion 
chamber modi f icat ions;  t h e  1 ime receiv ing,  storage, and conveying equipment 
i n s t a l l a t i o n ;  o r  t h e  p a r t i c u l a t e  c o n t r o l  upgrade i n s t a l l a t i o n .  I n s t a l l a t i o n  
o f  each new ESP w i l l  r e g u i r e  r e l o c a t i o n  o f  an I D  fan and 75 f e e t  o f  new 

Estimates assume a moderate APCD congestion factors ,  

4.1.6.1 Descr iDt ion o f  Mod i f i ca t ions .  For good a c i d  gas c o n t r o l  and 

New equipment f o r  
- 

The p r o j e c t  a l s o  
F igure 4.1-5 shows 
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Figure  4.1-5.  P l o t  Plan o f  Dry Sorbent I n j e c t i o n  R e t r o f i t  
Equipment Arrangement. 
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ducting to an existing stack, but can be accomplished with the .adjacent 
combustor still operating. Advanced planning will be required to limit 
combustor downtime to approximately 2 months for each unit. 

expected to be reduced by 75 percent from inlet levels or to 50 ng/dscm 
(whichever is higher). 
80 percent for HC1 and 40 percent for SO2, respectively. As noted above, PM 
emissions will be reduced to 0.01 gr/dscf. An additional 3,700 tons/year of 
solid waste (sorbent and fly ash) will be added to the baseline waste 
disposal requirements for the plant. 

are presented in Table 4.1-7. 
at $6,750,000 with baseline combustion and $5,770,000 with good combustion. 
Most of the cost is associated with installation of 'additional particulate 
control equipment. The cost estimate assumes a moderate APCD access/ 
congestion level, few additional general facilities, and no purchased land. 

operating costs are associated with lime purchase and monitoring equipment 
maintenance. 
capital recovery and downtime) is $1,960,000 per year with baseline 
combustion and $1,750,000 per year with good combustion. 
4.1.7 Best Acid Gas Control 

4.1.7.1 Descriotion of Modifications. To achieve best acid gas and 
CDD/CDF control, a new spray dryer/fabric filter system will be installed on 
each combustor after the spray tower. The existing evaporation towers will 
be removed to make room for the spray dryer vessels. Lime slurry will be 
introduced in each spray dryer at a 2 . 5 : 1  calcium-to-acid gas molar ratio. 
Lime will be slurried in the additional water (43 gpm) needed to cool the 
flue gas to 3OO0F from 55OoF under baseline combustion, or in the 18 gpm 
required under good combustion. The proposed equipment layout is 
illustrated in Figure 4.1-6. 

slurry area which will serve both spray dryers. 
59,800 square feet of cloth (net air-to-cloth ratio of 4:l) will be installed 

4.1.6.2 Environmental Performance. Total CDD/CDF emissions are 

Acid gas emission reductions are estimated at 

4.1.6.3 Costs. Capital cost requirements for dry sorbent injection 
Total capital cost for the plant is estimated 

- 

Annual OM and indirect costs are presented in Table 4.1-8. Major direct 

The total annualized cost for the control option (including 

This sketch also shows the location of the lime receiving, storage, and 
A fabric filter with 
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TABLE 4.1-7. CAPITAL COST OF DRY SORBENT INJECTION WITH REBUILD OF 
EXISTING ESP AND AODITION OF ESP PLATE AREA 
(Two u n i t s  o f  375 tpd  each) 

costs  (SlOOO) 

I tem 
Base1 ine  Combustion Good Combustion 

Pract ices Pract ices 

DIRECT COSTS: 

Equipment 
Access/Congestion Cost 

Equipment 
Access/Congest i on Cost 

Duct ing Cost 
Access/Congestion Cost 

Other Equipment 

Acid Gas Control  

P a r t i c u l a t e  Control  

New Flue Gas Duct ing 

Stacks 
Demo1 i t i o n / r e l o c a t i o n  

I n d i r e c t  Costs & Contingencies 

Moni tor ing Equipmenta 

TOTAL CAPITAL COST 

DOWNTIME 'COST 

ANNUALIZED CAPITAL RECOVERY 

394 
39 

3,330 
632 

102 
25 

0 
2 

Tota l  4,520 

1,720 

514 

6,750 

423 

944 

394 
39 

2,750 
489 - 

90 
23 

0 
2 
3,790 

1,470 

514 

5,770 

423 

815 

aTurnkey. 
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TABLE 4 .1 -8 .  PLANT ANNUAL COST FOR DRY SORBENT 
OF EXISTING ESP AN0 AODITION 
(Two units o f  375 tpd each) 

INJECTION WITH REBUILD 
OF ESP PLATE AREA 

Item 

cost (51000) 
Baseline Combustion Good Combustion 

Practices Practices 

DIRECT COSTS: 

Operating Labor 
Supervision 
Maintenance Labor 
Maintenance Materials 
Electricity 
Water 
Lime 
Waste Disposal 
Monitors 

Total 

INDIRECT COSTS: 

Overhead 
Taxes, Insurance, and Administration 
Capital Recovery and Downtime 

Total 

TOTAL ANNUALIZED COST 

39 
12 
11 
66 
65 
14 

22 1 
92 

206 

726 

76 
21 1 
944 
1,230 

1,960 

39 
12 
11 
56 
47 

5 
221 

92 
206 

689 

71 
172 

815 

1,060 

1,750 
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New ID Fan 

Existing lnclnerator 
Building 

Figure 4.1-6. Plot Plan o f  Spray Dryer/Fabric Filter Retrofit 
Equipment Arrangement. 
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following each spray dryer under baseline combustion; with good combustion, 
47,800 square feet will be needed. 
chambers will be demolishea to make room for the new fabric filters. The 
increased pressure drop o f  fabric filters over ESP’s will require a new IO 
fan for each unit as well. An estimated 200 total feet of new duct will be 
needed, but the existing stacks can be reused. New monitoring instruments 
for HC1, SO2, C02, and opacity will be installed. Downtime is expected to 
be 3 months. 

of 99 percent or to 5 ng/dscm (whichever is higher) are expected. 
of PM will be reduced from 0.08 gr/dscf to 0.01 gr/dscf. 
reduced 90 percent for SO2 and 97 percent for HC1. 

4.1.7.3 Costs. Capital cost requirements for installing spray 
dryerlfabric filter systems are presented in Table 4.1-9. Total capital 
cost is estimated to be 523,900,000 for installation with baseline 
combustion or 521,400,000 for installation with good combustion. 
figure includes purchased equipment, installation, demolition, and indirect 
costs such as engineering and contingencies. 
access and congestion (since much of the equipment will be elevated), few 
additional general facilities, and no purchased land. Downtime cost for 
3 months lost revenue is 5634,000. 

Significant O&M expenses include replacement bags for the fabric filter and 
electricity for the larger 10 fan needed due to the increased pressure drop 
across the fabric filters. Total annualized cost, including capital 
recovery and downtime is $5,920,000 with baseline combustion and $5,310,000 
with good combustion practices. 
4.1.8 Summarv of Control ODtions 

described in the previous sections have been combined into the seven 
retrofit emission control options that were discussed in detail in 
Section 3.0. Table 4.1-11 summarizes the combustion, particulate, 
temperature, and acid gas control technologies described in Sections 4.1.3 
through 4.1.7 that were combined for each of the control options. 

The existing ESP’s and evaporation 

4.1.7.2 Environmental Performance. Total COD/CDF emission reductions 
Emissions 

Acid gases will be 

- 
This 

Estimates assume moderate 

Annual O&M and indirect costs are presented in Table 4.1-10. 

4.1.8.1 PescriDtion of Control Ootions. The control technologies 

4-43 



TABLE 4.1-9. CAPITAL COST OF SPRAY DRYER WITH FABRIC FILTER 
(Two units o f  375 tpd each) 

cost (SlOOO) 

Baseline Combustion Good Combustion 
Item Practices Practices 

DIRECT COSTS: 

Equipment 
Access/Congestion Cost 

Acid Gas Control 

New Flue Gas Ducting 
Ducting Cost 
Access/Congestion Cost 

Other Equipment 
Fans 
Stacks 
Demo1 i tion/Rel ocati on 

Indirect Costs 

Contingency 

Monitoring Equipmenta 

10,500 
2,630 

146 
37 

793 
0 750 

Total 14,900 

4,670 

3,760 

573 

9,410 
2,350 

131 
33 

644 
0 

- 
750 
13., 300 

4,150 

3,350 

573 

TOTAL CAPITAL COSTS 23,900 21,400 

DOWNTIME COST 635 635 

ANNUALIZED CAPITAL RECOVERY 3,230 2,900 

a 

AND DOWNTIHE 

Turnkey. 
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TABLE 4.1-10. ANNUAL COST OF SPRAY DRYER WITH FABRIC FILTER 
(Two u n i t s  o f  375 t p d  each) 

cost ($1000) 

Baseline Combustion Good Combustion 
Item Practices Pract ices 

DIRECT COSTS: 

Operating Labor 
Supervision 
Maintenance and Labor 
Maintenance Mater ia ls  
E l e c t r i c i t y  
Compressed A i r  
Water 
Lime 
Waste Disposal 
Monitors 

To ta l  

INDIRECT COSTS: 

Overhead 
Taxes, Insurance, an Adn ii: *a t i on  
Capi ta l  Recovery and Downtime 

Tota l  

TOTAL ANNUALIZED COST 

78 
12 
43 

39ga 
415 

59 
17 

183 
121 

215 
1,540 

249 
903 

3.230 
4,380 

5,920 

78 
12 
43 

344b 

329 
47 - 
12 

182 
120 

215 
1,380 

230 
803 

2.900 

3,930 

5,310 

‘Includes $116,000 per  year f o r  bag replacement. 
bIncludes $93,000 per  year f o r  bag replacement. 
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4.1.8.2 Environmental Performance. The performance o f  each c o n t r o l  
o p t i o n  i s  sumnarized i n  Table 4.1-12. 
both t h e  p o l l u t a n t  concentrat ions and annual emissions. The most e f f e c t i v e  
r e t r o f i t  op t ion  f o r  c o n t r o l l i n g  COO/COF emissions i s  a d d i t i o n  o f  spray 
d r y e r / f a b r i c  f i . l t e r  systems which reduce emissions by 99 percent from i n l e t  
leve ls .  Good combustion prac t ices  a r e  near ly  as e f f e c t i v e  i n  c o n t r o l l i n g  
CDD/CDF, and produce emission reduct ions o f  90 percent. Sorbent a d d i t i o n  
technology ( i n c l u d i n g  d r y  sorbent i n j e c t i o n )  a lso reduces ac id  gas 
emissions, but good combustion prac t ices  reduce CO. The best o v e r a l l  
c o n t r o l  r e s u l t s  from combining combustion c o n t r o l  and sorbent a d d i t i o n  as i n  
Options 5 and 7. 

4 .1.8.3 !&&. The t o t a l  annualized cost  o f  each op t ion  i s  presented 
i n  Table 4.1-13. Tota l  annualized cos t  o f  each op t ion  increases w i t h  
increas ing cont ro l ,  though good combustion costs are p a r t i a l l y  o f f s e t  by 
lower s o l i d  waste disposal  costs  r e s u l t i n g  from more complete waste burnout: 
The most c o s t - e f f e c t i v e  op t ion  i s  Opt ion 4, which provides most o f  t h e  
p o t e n t i a l  emission c o n t r o l  (except CO reduct ion) a t  a cost  o f  $1,960,000 per 
year  (annualized t o t a l  cos t ) .  

4.1.8.4 m r a v  Ima acts.  Table 4.1-14 presents a sununary o f  the energy 
impacts associated w i t h  t h e  c o n t r o l  opt ions.  
incremental energy use r e l a t i v e  t o  basel ine operation, and take i n t o  account 
t h e  savings r e a l i z e d  by no t  operat ing t h e  e x i s t i n g  ESP's under Options 6 and 
7. Note t h a t  t h e r e  i s  a considerable e l e c t r i c a l  penal ty  f o r  the h igher  
(basel ine)  gas f l o w  r a t e s  i n  Options 4 and 6. 

For each p o l l u t a n t  t h e  t a b l e  presents 

The values presented are 
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TABLE 4.1-14 TOTAL PLANT ENERGY IMPACTS FOR CONTROL OPTIONSa 

Option 
Electrical Use 

(MWh/yr) 

0 

0 

230 

1,360 

1,000 

9,030b 

7,150b 

2.OE10 

2.OE10 

2.OE10 

0 

2.OE10 

0 

2.OE10 

aIncremental use from base1 ine. 
bExcludes electrical credit for not operating the ESP’s. 
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4.2  ROCKING/RECIPROCATING GRATE MASS BURN REFRACTORY -WALL COMBUSTOR 
This  sect ion presents t h e  case study r e s u l t s  f o r  a r e f r a c t o r y - w a l l  

combustor equipped w i t h  rock ing/ rec iprocat ing grates.  'As shown i n  
Table 4.0-1,  there  are 11 known p l a n t s  i n  t h i s  subcategory. 
presents a d e s c r i p t i o n  o f  the Sheboygan MWC p lan t ,  which was v i s i t e d  i n  order 
t o  gather in fo rmat ion  f o r  model development. Sect ion 4.2.2 presents a 
d e s c r i p t i o n  o f  t h e  model p l a n t .  Sections 4.2.3 through 4.2.7 d e t a i l  the 
r e t r o f i t  modi f icat ions,  est imated performance, and costs associated w i t h  
var ious c o n t r o l  opt ions.  Sect ion 4.2.8 presents a summary o f  t h e  c o n t r o l  
options, which are discussed i n  more.detai1 i n  Section 3.0 o f  t h i s  repor t .  
4.2.1 Descr io t ion  o f  t h e  Shebovaan. Wisconsin Combustor 

rectangular  r e f r a c t o r y - w a l l  combustors w i t h  i n d i v i d u a l  f i r i n g  capac i t ies  o f  
120 t p d  o f  MSW. 
u t i 1  i z e  t h r e e  rock ing  g r a t e  sect ions per  combustor. Table 4.2-1  summarizes 
key design and operat ing data f o r  t h e  p lan t .  
5 days/week w i t h  scheduled maintenance every Monday. 

Sect ion 4 .2 .1  

3 

The Sheboygan MWC p lan t ,  which began operat ion i n  1964, consis ts  o f  two 

The stokers were manufactured by Flynn and Emrich, and 

The p l a n t  operates 4 t o  
Reported operat ing 

capac i t ies  are 4 t o  5 tons/hr per combustor. 
operates 24-hr/day. 
from t h e  sewage treatment p l a n t .  
1986. 

The p l a n t  employs 15 people and 
I n  a d d i t i o n  t o  burning MSW the p l a n t  a lso  burns skimmings 

A t o t a l  o f  417 tons o f  sludge were burned i n  

4.2.1.1 combustor Desian an d Ooeration. Figure 4.2-1  i l l u s t r a t e s  the 
cross-sect ion o f  t h e  combustors a t  the Sheboygan p lan t .  
a ho ld ing  p i t  i n t o  a water-cooled hopper which feeds each combustor by 
g r a v i t y .  
(dry ing)  g r a t e  section, which i s  8 f e e t  i n  l e n g t h  and 7 f e e t  wide. 
m a j o r i t y  o f  t h e  burning takes p lace on the second gra te  sect ion,  and burnout 
i s  completed on t h e  t h i r d  ( f i n i s h i n g )  grate.  
between each of t h e  th ree  grates,  a l low ing  t h e  waste t o  tumble from one 
sec t ion  t o  another. The second and t h i r d  g r a t e  sections are 10 f e e t  i n  

length.  
drag chain conveyor t ranspor ts  t h e  ash t o  a t r u c k  f o r  d isposal  i n  a nearby 
l a n d f i l l .  

Waste i s  charged from 

The feed r a t e  i s  c o n t r o l l e d  by vary ing t h e  speed o f  t h e  f i r s t  
The 

There are 1 - f o o t  v e r t i c a l  steps 

Bottom ash i s  discharged from t h e  f i n i s h i n g  g r a t e  t o  a wet quench. A 
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TABLE 4.2-1. SHEBOYGAN DESIGN  DATA^ 

Combustor: 

Capacity - 120 tpd 

Total Grate Area - 202 square feet 
First Grate - 7 feet wide by 8 feet long, 15°0incline 
Second Grate - 7 feet wide by 10 feet long, 15, incline 
Third Grate - 7 feet wide by 10 feet long, 15 incline 

Overall Combustor 
Dimensions - 28 feet long by 7 feet wide by 18 feet high 

Exit Breeching - Rectangular, 7 feet by 7 feet - 
hi ssion Controls: 

Baffle Chambers 
Spray Nozzles 

- 37 feet long by 7 feet wide by 18 feet high 
- 21 full-cone nozzles in first spray section, 
21 flat-spray nozzles in second spray section. 

aData are for each combustor. There are two combustors at Sheboygan. 
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Underfire air is supplied by forced-draft fans (one per combustor) and 
delivered through ductwork to the burning and finishing grate sections. 
Siftings hoppers are located beneath the drying grate, but no underfire air is 
provided to this grate. Separate forced-draft fans (one per combustor) 
located adjacent to the underfire air fans supply overfire air which is 
injected at six points on each of the combustor side walls (12 ports per 
combustor). 
pairs at elevations approximately 6 to 8 feet above the grates. There are no 
pressure or flow indicators for either the underfire or overfire air systems. 
All adjustments in air flow are made manually based on visual observation of 
the burning fuel bed and flame patterns. 
manually by controls on the side of the combustor. 
section can be independently set and varied. 

As shown in Figure 4.2-1,  the original design of the combustor included a - 
refractory arch extending from the top of the combustion chamber, pinching the 
gas flow from the combustor prior to its exit. 
furnace configuration is now rectangular. 

gas is used to heat the plant offices and adjacent buildings. 
is started up by establishing a bed of waste on the first grate section and 
igniting the waste by hand. 
takes approximately 1 to 2 hours to achieve a temperature of 1400OF in the 
combustion chamber. When this temperature is achieved the overfire air is 
introduced and the furnace temperature is established at 1700 to 18OOOF. 
flue gas temperature must be maintained for nearly 20 to 24 hours to bring the 
refractory temperatures up to the same level. 
a probe in the roof of the combustion chamber located just before the first 
baffle in the APCD. 

4.2.1.2 Emission Control System D e s i m  and ODeration. Combustion 
products leaving the active burning region flow through a three-pass wet 
baffled system which both cools the hot flue gases and reduces particulate 
matter (PM) emissions. 
gases from both combustion trains are combined in a short run of ducting to 
the stack. 

The overfire air ports are 4 inches square and are located in 

Grate speeds are also varied 
The speed of each grate 

The arch was removed and the 

There are no auxiliary fuel burners in either combustor, although natural 
The combustor 

Plant operators reported that during start-up it 

The 

The temperature is measured by 

After passing through the wet baffle system, flue 
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The original spray nozzles were recently replaced with new stainless 
steel FOGJET nozzles. The first spray section has 21 full-cone spray nozzles 
(FOGJET 76 type) and the second spray section has 21 flat-spray nozzles 
(FOGJET F F  type). 
operates at 65 pounds of pressure. 
the stack varied from 0.226 to 0.326 gr/dscf corrected to 7 percent 02. 

where the ash, settles out from the water. 
dredged out and disposed of at a nearby landfill. Approximately 100 tons of 
lagoon ash are disposed of at each cleaning. The landfill will be shut down 
at the end of 1988. 
sewer which flows to a nearby river. The plant has a discharge permit which 
requires weekly and quarterly monitoring for BOO, pH, and metals. 
4.2.2 ?exription of Model Plant 

plant baseline data. 
plants in this subcategory, the current design configuration of the Sheboygan 
MWC is considered representative of the existing population of reciprocating/ 
rocking grate refractory-wall combustors. Although rocking and reciprocating 
grates vary in design and operation, they are assumed to be equivalent in 
terms of bed agitation and aeration. 

three rocking.grate sections. The model operates 24-hr/day, 5-days/week. 
Fuel feeding is accomplished by gravity and is controlled by manually 
adjusting the speed of the first (drying) grate section. 
supplied to the burning and finishing grate sections through individual 
plenums. Overfire air is supplied through ports in the combustor sidewalls. 
This arrangement is identical to that described for the Sheboygan plant. A1 
air flows and grate speeds are manually controlled. 
fans supply underfire and overfire air. Continuous monitoring of combustior 
gases is not conducted. 

The model plant burns only MSW and is not equipped with an auxiliary fuel 

No changes were made to the nozzle water feed system, which 
During a recent test the PM emissions from 

Water and PM collected in the baffle system flow to a concrete lagoon 
Every 3 to 4 months this ash is 

Overflow water from the lagoon is discharged to the storm 

- 
4.2.2.1 Combustor Desiqn and Ooeration. Table 4.2-2 presents model 

Based on available information gathered for the other 

The model plant consists of two rectangular 120-tpd combustors., each with 

Underfire air is 

Separate forced-draft 

source. 
approximately 7,150 scfm. 

At the design feed rate (120 tpd) the theoretical combustion air is 
Limited emissions testing data available for the 
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TABLE 4.2-2. MODEL PLANT BASELINE DATA FOR ROCKING/RECIPROCATING GRATE 
MASS BURN REFRACTORY -WALL COMBUSTOR 

Combustor: 

Capacity 
Grate Area 
Overall Combustor 

Dimensions 
Exit Breeching 

Emission Controls: 

TY pe 
Gas Flow 
Inlet PM Concentration 

CDD/COF (tetra-octa) 
co 
PM 
HC1 
so 
So?id Waste 

Stack Parameters: 

Height 
Diameter 

ODeratina Dat4: 

Remaining Plant Life 
Annual Operating Hours 
Annual Operating Cost 

- 120 tpd per unit (2 units) 
- 202 square feet per unit, 15 degrees slope 
- 28 feet long by 7 feet wide by 15 feet high - Rectangular, 7 feet by 7 feet 

- wet baffle chamber 
- 29,400 dscfm, 120,300 acfm at 4OO0F total 
- 3.0 gr/dscf at 7% O2 

- 4000 ng/dscm 
- 50 ppmv 
- 0.33 gr/dscf 
- 500 ppmv 
- 200 ppmv 
- 36 tons per day 

- 150 feet 
- 9 feet 

- 15 years 
- S3,560,000/year 
- 6,500 

aAll values are on a dry, 7 percent O2 basis. 
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Sheboygan plant indicate that the excess air level in the stack approaches 
300 percent. Therefore, the excess air level assumed for the model was 
300 percent. 
well-sealed appearance of the Sheboygan plant. 
300 percent, the flue gas flow rate is approximately 30,600 scfm 
(29,400 dscfm), including all flue gas products. At 300 percent excess air 
the flue gas temperature at the combustor exit is approximately 140OOF. 

atypical of the population is that Sheboygan does not have an induced-draft 
fan. 
upstream of the stack, 
set negative pressure in the combustion chamber. 

Table 4.0-1, seven of the 23'refractory-wall MWC's currently use some type of 
wet PM control device, 
examining retrofit modifications on a plant equipped with such an APCD system. 
Therefore, while the majority of existing refractory-wall MWC's have ESP's, 
the model plant for this subcategory is equipped with an APCD system similar 
to that in place at Sheboygan. The other refractory-wall model plants (see 
Sections 4.1 and 4.3) are equipped with ESP's. 

of PM and temperature. 
3.0 gr/dscf to 0.33 gr/dscf (at baseline). The flue gas temperature is 
assumed to be reduced from' 1400°F to 45OoF. 
controls are in place at the model plant. 

Although based on the 
Sheboygan plant, is is assumed for the purposes of model development that 
there are moderate access/congestion constraints for the model plant at the 
APCD end of the system. Although the details o f  access/congestion constraints 
are not known for all of the plants in this subcategory, assuming moderate 
constraints should provide a model plant representative of the majority of 
plants in the population. 

baseline for the model plant. 
a CDD/CDF emissions estimate. 

Air inleakage is assumed to be negligible based on the 
At an excess air level of 

One design feature of the Sheboygan plant which is consi.dered to be 

It is assumed that the model includes a variable speed induced-draft fan 
The fan automatically adjusts flow rate to maintain a 

4.2.2.2 Emission Control System Desian and ODeration. As shown in 

The existence of these plants justifies the need for 

The model plant for this subcategory uses a wet baffle system for control 
This system is assumed to reduce PM emissions from 

No additional PM or acid gas 

Figure 4.2-2 shows a plot plan of the model plant. 

4.2.2.3 Environmental Easel ine. Table 4.2-2 presents the environmental 
There are no available data to directly support 
However, due to the lack of a distinct point of 
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high pressure overfire air injection downstream of the finishing grates, 
mixing of flue gases is assumed to be incomplete. 
levels of organic emissions are assumed to be present in the flue gases. 
addition, the high excess air rates restrict the maximum temperatures that can 
be achieved in the furnace, so that complete destruction of CDD/CDF and 
precursors does not occur. As a result, it is assumed the baseline 
uncontrolled CDD/CDF emission levels are 4,000 ng/dscm. 

low gas temperatures at 300 percent excess air, it is assumed that the 
oxidation of CO is also incomplete. 
to be 500 ppmv at 7 percent 02.2 In addition, high excess air levels con- 
tribute to increased particulate carryover from the combustion chamber. 
result, baseline PM levels at the combustor exit are estimated to be 
3.0 gr/dscf at 7 percent 02.2 Emissions of HC1 and SO2 are based on waste 
feed properties and are not expected to vary appreciably with combustion 
conditions. Therefore, average uncontrolled values for HC1 and SO2 are 
estimated to be 500 ppmv and 200 ppmv, respectively, corrected to 7 percent 

02. 
exit. 

Therefore, relatively high 
In 

. 

2 

As a result of less than optimal combustion gas mixing conditions, and 

Uncontrolled CO emissions are estimated 

A s  a 

All baseline emission levels are assumed to be measured at the combustor 

The model plant i s  estimated to achieve a waste volume reduction of 
90 percent and a weight reduction of 70 percent. 
solid waste disposal requirement for each combustor is to be for 36 tpd (dry) 
ash. 
4.2.3 Good Combustion 

good combustion for the model plant. 

Therefore, the baseline 

The following sections describe the modifications required to establish 

4.2.3.1 Description of Modifications. 
Fuel Feedinq. In the baseline design, the model plant uses gravity feed. 

As part of the combustion modifications ram feeders will be added to both 
units. The grates are 8 feet wide, so a single ram is sufficient for each 
unit, This modification will ensure good waste distribution to the drying 
grate and more stable combustion conditions. In addition, the ram feeders 
provide a furnace seal that was previously maintained by waste in the hoppers. 

combustion is not adequate to achieve good combustion. A conceptual redesign 
of the combustor is illustrated in Figure 4.2-3. 

Furnace Re conf iaura tion. The baseline configuration of the model 

The new design includes a 
4-59 



v) 
U 

Lc 
0 
L s a 
0: 

.C 

6 
a* 

/J 

I 

3 

a -  

IC 
0 
L a 

- 
c 

4-60 



r e f r a c t o r y - l i n e d  s t r u c t u r a l  s t e e l  arch which i s  located on t h e  r e a r  w a l l  o f  
the furnace. 

w o e r  combustion chamber where mixing of combustion gases i s  completed. 
r e t r o f i t  requi res p a r t i a l  demol i t ion  o f  the e x i s t i n g  w a l l s  and r o o f ,  and 
cons t ruc t ion  o f  a new furnace s h e l l  and r e f r a c t o r y  br ickwork.  

included i n  t h e  redesign o f  t h e  model p l a n t ' s  combustion a i r  system. 

In addi t ion,  the r o o f  o f  the furnace has been r a i s e d  t o  form an 
The 

Combustion A i r f l o w  Modi f icat ions.  The f o l l o w i n g  m o d i f i c a t i o n s  are 

0 Excess a i r  operat ing l e v e l s  are reduced from 300 t o  150 percent.  
Thisoal lows furnace operat ing temperatures t o  be maintained a t  
1800 F a t  the f u l l y  mixed l o c a t i o n .  I t  a lso reduces the p o t e n t i a l  
f o r  p a r t i c u l a t e  entrainment. A t  150 percent excess a i r ,  the t o t a l  
gas f l o w  from the combustor i s  reduced t o  19,800 scfm 
(18,500 dscfm). 

An u n d e r f i r e  a i r  plenum w i t h  supply ducting, dampers, and pressure 
monitors i s  provided f o r  t h e  d r y i n g  g r a t e  sect ion.  This  u n d e r f i r e  
a i r  supply has a na tura l  gas burner which can be f i r e d  as needed f o r  
a i r  preheat when feeding wet re fuse.  Total  undergrate a i r  f lows a r c  
approximately 125 percent o f  t h e o r e t i c a l  a i r  preheat when feeding 
wet refuse. To ta l  undergrate a i r  f l o w s  are approximately 
125 percent o f  t h e o r e t i c a l  a i r ,  o r  50 percent o f  t o t a l  a i r .  

New o v e r f i r e  a i r  headers, dampers, ducting, and pressure monitors 
are i n s t a l l e d  t o  prov ide a source o f  a i r  f o r  mixing. Two rows o f  
i n t e r l a c e d  nozzles are required, as shown i n  F igure 4.2-3.  Flow 
modeling s tud ies are used t o  e s t a b l i s h  nozzle sizes, o r i e n t a t i o n ,  
spacing, e tc .  In- furnace CO p r o f i l i n g  provides v e r i f i c a t i o n  o f  
mix ing pat terns.  Approximately 75 percent o f  t h e o r e t i c a l  a i r ,  o r  
30 percent o f  t o t a l  a i r ,  i s  suppl ied through these nozzles dur ing  
normal operat ing condi t ions.  

The e x i s t i n g  s idewal l  a i r  nozzles are re ta ined f o r  use as coo l ing  
a i r .  
system upgrade. Approximately 50 percent o f  t h e o r e t i c a l  a i r  
(20 percent o f  t o t a l  a i r )  i s  suppl ied by these e x i s t i n g  nozzles. 

0 

0 
New header pressure monitors are requ i red  as  p a r t  o f  the 

A u x i l i a r y  Fuel. The modi f ied model p l a n t  has two a u x i l i a r y  f u e l  burners, 
s ized t o  prov ide 60 percent o f  u n i t  f u l l  load (27  MM Btu/hr)  f o r  use dur ing  
process s t a r t - u p  and dur ing  episodes o f  low temperature and h igh  CO. 

f i r s t  burner i s  loca ted  a t  the head o f  t h e  primary combustion chamber above 
the d r y i n g  grate,  and i t  i s  used t o  i g n i t e  the waste and main ta in  requ i red  
combustion chamber temperatures. 
chamber j u s t  downstream o f  t h e  mixing a i r  supplies. 
the upper chamber helps achieve the requirement of 18OO0F a t  t h e  f u l l y  mixed 

The 

A second burner i s  loca ted  i n  t h e  upper 
Locat ion o f  t h e  burner i n  
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height during start-up, shutdown, etc. The upper auxiliary fuel burner also 
preheats and maintains the temperature of flue gas cleaning equipment prior to 
initiating waste feeding and during shutdown. This minimizes corrosion 
problems and improves the system's environmental and operational performance. 

combustion Control. In the baseline configuration, the combustion 
control scheme is entirely manual. As part of the combustion modifications 
improved controls are necessary. Because there is no steam production, the 
primary variables to include in the control scheme are excess oxygen and 
temperature. 
automatically adjusts the amount and distribution of underfire air in response 
to a signal from an oxygen controller. 
with an alarm at high'and low setpoints. 
constant. 
if needed. 

Verification. Verification of good combustion consists of insuring that - 
the system is operating according to its design. 
operating parameters that must be monitored and controlled in order to achieve 
this objective. At a minimum, refractory-wa1.l combustors must continuously 
monitor: 

The revised controls include an oxygen trim loop which 

A temperature controller is included 
' Overfire air rates are kept 

Adjustments in overfire air and grate speed will be made manually, 

There are a number of 

1. underfire and overfire air flows (pressure settings), 

2. combustor draft, 

3. 

4. combustor temperature. 

Underfire and overfire air flows are monitored by maintaining specified 

O2 (excess air) and CO in the flue gas, and 

pressures in supply headers. Combustor draft is maintained by a variable- 
speed ID fan. Flue gas O2 and CO are measured at the same location in the 
system so that the CO reading can be corrected to a standard value, such as 
7 percent 02. Combustor temperature requirements are specified at a. location 
where the mixing process is completed, just downstream of'the last point of 
overfire air injection. 

required to implement all of the combustion retrofit options is approximately 
two months per unit. 

Retrofit Considerations. It is estimated that the combustor downtime 
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4.2.3.2 Environmental Pe rformance. The combustion retrofits address 
the design, operation/control, and verification requirements for good 
combustion for mass burn refractory-wall combustors represented by this model 
plant. Through the proper application of the above combustion retrofit 
options, it is estimated that uncontrolled emissions of COO/COF will be 
reduced to 500 ng/dscm corrected to 7 percent 02.2 In addition, emissions of 
CO are estimated to be reduced to 150 ppmv on a 4-hour averaging time. No 
change in uncontrolled particulate emissions is expected. Emissions of HC1 
and SO2, because they are related to feed properties, are also not expected 
to vary due to combustion modifications. 

Table 4.2-3. 
is 53,860,000. Annual costs are presented in Table 4.2-4. The annualized 
capital cost is 5532,000 per year, based on a 10 percent interest rate and 
fifteen year plant life. Total annualized costs are 5847,000. 
4.2.4 b o d  PM Control 

Bescriotion of Modi f i ca tion. The existing baffle quench system 
is capable of reducing PM loadings at the combustor outlet from 3.0 gr/dscf to 
0.33 gr/dscf. This section describes modifications required for adding an ESP 
to achieve good (0.05 gr/dscf) PM control to the ESP. No temperature control 
equipment is needed because the flue gas temperature is 45OoF. 

Achievement of good PM control (0.05 gr/dscf) will require the addition 
of a new ESP with 16,000 square feet of plate area. This ESP is sized to 
handle the combined flue gas from both combustors. It is assumed that there 
is sufficient space near the existing stack to locate the ESP, and that 
access/congestion constraints are moderate. Approximately 240 feet of flue 
gas ducting would be required to tie the ESP into the existing ductwork as it 
leaves the building and return the flue gas to the existing stack. 
monitor will be installed at the outlet of the ESP. 
location of the ESP and ductwork. 

new induced-draft fan will also be required. 
downtime will be required to tie the new ductwork into the existing ducting to 
the stack. 

4.2.3.3 u. Capital costs for combustion retrofits are presented in 
The total estimated capital cost of the combustion modifications 

- 

4.2.4.1 

An opacity 
Figure 4.2-5 shows the 

Because of the additional pressure drop caused by the ESP and ducting, a 
Approximately 1 month of 
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TABLE 4.2-3 PLANT CAPITAL COST FOR COMBUSTION MODIFICATIONS 
(Two u n i t s  o f  120 t p d  each) 

Item cos t  ($1000) 

DIRECT COSTS: 

Flow Modeling and Thermal Analys is  
New Over f i re  A i r  Ducting and Dampers 
Furnace Reconf i g u r a t  i on 
Gas Burner f o r  A i r  Preheat 
Two A u x i l i a r y  Burners Per U n i t  
Ram Feeders 
Under f i re  A i r  Plenum 
Under f i re  and Over f i re  A i r f l o w  Monitors 
Oxygen and CO Monitors 
CO P r o f i  1 i n g  
Oxygen T r i m  Contro ls  on FD Fan 

INDIRECT COSTS AND CONTINGENCY 

TOTAL CAPITAL COSTS 

DOWNTIME COSTS 

ANNUALIZED CAPITAL COSTS AND DOWNTIME 

Tota l  

125 
18 

I ,  900 
4 

104 
242 

20 
21 
90 
10 

25 
2,670 

1,290 

3,860 

190 

532 
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TABLE 4 . 2 - 4  PLANT ANNUAL COST FOR COMBUSTION MODIFICATIONS 
(Two u n i t s  o f  120 tpd each) 

I tem costs (41000) 

DIRECT COSTS : 

A u x i l i a r y  Gas Consumtion 
Maintenance 
Maintenance 

Labor 
Mater ia ls  

Total  

97 
20 
2 
137 

INDIRECT COSTS: 

Overhead 24 
Taxes, Insurance, and Administration 154 
Capi ta l  Recovery and Downtime - 532 - 

Total  710 

TOTAL ANNUALIZED COSTS 84 7 
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4.2.4.2 bvironmental Performance. Particulate matter emissions will be 
reduced from baseline levels of 0.33 gr/dscf to 0.05 gr/dscf. This additional 
fly ash recovery will. add 178 tons/year (dry) to the plant solid waste 
disposal requirements. 
this modificat.ion and are expected to be equal to the concentrations at the 
combustor exit. 

achieving the good particulate control level are presentmi in Table 4.2-5. 
Total capital cost is estimated to be $1,800,000. 
purchased equipment, installation, and indirect costs such as engineering and 
contingencies. 

The costs are dominated by annualized capital recovery and downtime. Indirect 
annual costs including capital recovery and downtime are estimated at $338,000 

CDD/CDF and acid gas emissions are not affected by 

4.2.4.3 A. Total capital cost requirements for the new ESP 
This figure includes 

Estimates assume a moderate APCD congestion level. 
Annual costs are presented in Table 4.2-6 for good particulate control. 

per year. Direct operating and laintenance costs are estimated at $55 
year. Thus, total annualized cost for good PM control is estimated at 
$393.000 per year. 
4.2.5 Best Particulate Control 

(0.01 gr/dscf) will require the addition of an ESP with approximately 
4.2.5.1 Descriotion of Modifications. To achieve best PM contro 

I00 per- 

29,600 square feet of collection area. 
needed since the inlet ESP temperature is 45OOF. The ESP and new ductwork 
would be located as shown in Figure 4.2-5. 
be required. Approximately 230 feet o f  new ducting will be required to divert 
the flue gases from the building to the ESP and back to the stack. An opacity 
monitor will be installed at the outlet o f  the ESP. Approximately one month 
of downtime is needed to accomplish the ductwork tie-ins. 

reduced from 0.33 gr/dscf to 0.01 gr/dscf. The additional recovered fly ash 
will add 204 tons/yr to the plant total solid waste disposal requirements. 
CDD/CDF and acid gas emissions are not affected by this modification and are 
expected to be equal to the concentrations at the combustor exit. 

No temperature control equipment is 

A new induced-draft fan will also 

4.2.5.2 Environmental Performance. Particulate matter emissions will be 

4-67 



TABLE 4.2-5 PLANT CAPITAL COST FOR NEW PARTICULATE CONTROL 
. (Two units o f  120 tpd each) 

~~ 

Item 
costs fS1000) 

Good PM Control Best PM Control 

DIRECT COSTS: 

Particulate Control 
Equipment 
Access/Congestion Cost 

New Flue Gas Ducting 
Ducting Cost 
Access/Congestion Cost 

Other Equipment 
Fan 
Stacks 
Demo1 ition/relocation 

Total 

Indirect Costs and Contingencies 

Monitoring Equipmenta 

758 
190 

122 
30 

195 
0 
0 

1,300 
- 

442 

60 

968 
242 

117 
29 

195 
0 
0 

1,606 
- 

529 

60 

TOTAL CAPITAL COSTS 1,800 2,140 

DOWNTIME COSTS 95 95 

ANNUALIZED CAPITAL RECOVERY AND DOHNTIME 249 294 

aTurn key. 
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TABLE 4.2-6 PLANT ANNUAL COST FOR NEW PARTICULATE CONTROL ' 

(Two units of  120 tpd each) 

Item 
costs (51000) 

Good PM Control Best PM Control 

DIRECT COSTS: 

Operating Labor 
Supervision 
Maintenance Labor 
Maintenance Materials 
Electricity 
Waste Disposal 
Monitors 

Total 

INDIRECT COSTS: 

Overhead 
Taxes, Insurance, and Administration 
Capital Recovery and Downtime 

Total 

10 
1 
5 

17 
10 
4 

20 
69 
- 2 i 9  
338 

10 
1 
5 
21 
16 

5 

67 
- a - 

22 

- 294 
399 

a3 

TOTAL ANNUALIZED COSTS 393 466 



4.2.5.3 !&&. Tota l  c a p i t a l  cos t  requirements f o r  the best p a r t i c u l a t e  
cont ro l  are presented. i n  Table 4.2-5. Tota l  c a p i t a l  cost  i s  est imated t o  be 
$2,140,000. This includes purchased equipment, i n s t a l l a t i o n ,  and i n d i r e c t  
costs such as engineer ing and cont ingencies.  
congestion l e v e l .  

Annual costs  are presented i n  Table 4.2-6 f o r  best  p a r t i c u l a t e  c o n t r o l .  
D i r e c t  operat ing and maintenance cos ts  are estimated a t  $67,000 per year.  
I n d i r e c t  annual costs are $399,000 per  year.  Tota l  annualized cost  f o r  good 
PM c o n t r o l  i s  est imated a t  $466,000 per  year.  
4.2.6 Good Acid Gas Control  

sorbent w i l l  be i n j e c t e d  i n t o  new ductwork going t o  a new f a b r i c  f i l t e r .  
e x i s t i n g  water quench system w i l l  remain i n  place. 
includes a s i n g l e  sorbent storage s i l o  w i t h  baghouse, a pneumatic sorbent 
conveying system, one sorbent feed b i n  and pneumatic i n j e c t i o n  nozzles. 
Hydrated l i m e  sorbent w i l l  be fed a t  a ca lc ium-to-ac id gas molar r a t i o  o f  2:l. 
A t  f u l l - l o a d ,  t h i s  requ i res  a sorbent i n j e c t i o n  r a t e  o f  281 l b / h r  f o r  both 
combustors operat ing e i t h e r  under basel ine o r  good combustion prac t ices .  
Reductions i n  HC1 and SO2 are estimated a t  80 and 40 percent, respec t ive ly .  

3OO0F f o r  both combustors operat ing w i t h  basel ine combustion, and 91,700 acfm 
a t  3OO0F f o r  both combustors operat ing w i t h  good combustion. 
reduc t ion  i s  achieved by an add i t iona l  water quench o f  19 and 12 gpm i n  the 
e x i s t i n g  wet b a f f l e  system f o r  basel ine and good combustion, respec t ive ly .  

The new f a b r i c  f i l t e r  w i l l  r e q u i r e  240 f e e t  o f  new ductwork and a new 
induced-draf t  fan  t o  overcome the pressure drop. Approximately 43,500 and 
30,600 square f e e t  o f  f a b r i c  f i l t e r  c l o t h  w i l l  be requ i red  (based on a gross 
a i r - t o - c l o t h  r a t i o  o f  3:l) f o r  basel ine and good combustion, respec t ive ly .  
The p r o j e c t  a l s o  inc ludes moni tor ing equipment f o r  H t l ,  SO2, 02, and opaci ty.  
These monitors w i l l  be loca ted  i n  the duc t ing  p r i o r  t o  sorbent i n j e c t i o n  and 

a lso a t  t h e  o u t l e t  o f  the f a b r i c  f i l t e r .  
i n s t a l l e d  a t  t h e  o u t l e t  o f  t h e  f a b r i c  f i l t e r .  

Estimates assume a moderate APCD 

4.2.6.1 Oescr iDt ion o f  Mod i f i ca t ions .  For good a c i d  gas c o n t r o l ,  d ry  
The 

New equipment f o r  t h e  s i t e  

The f l u e  gas f low ra tes  a t  t h e  quench system o u t l e t  are 130,500 acfm a t  

Th is  temperature 

An opac i ty  moni tor  w i l l  a lso  be 
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Figure 4.2-5 shows the l o c a t i o n  o f  the equipment. Moderate access/ 
congestion l e v e l s  were assumed f o r  t h e  ductwork and f a b r i c  f i l t e r .  Moderate 
access/congestion l e v e l s  were a lso  assumed f o r  t h e  l i m e  receiv ing,  storage and 
conveying equipment. Advanced p lanning w i l l  be requ i red  t o  1 i m i t  combustor 
downtime t o  approximately one month. 

expected t o  be reduced by 75 percent from o u t l e t  combustor l e v e l s .  Acid gas 
emission reduct ions are estimated a t  80 percent f o r  HC1 and 40 percent f o r  
SO2, respec t ive ly .  PM emissions are 0 .01  gr/dscf. An add i t iona l  1,380 
tons/year o f  sorbent and f l y  ash w i l l  be added t o  the basel ine s o l i d  waste 
disposal requirements, o r  e i t h e r  combustion pract ices.  

i n j e c t i o n  are presented i n  Table 4.2-7 f o r  basel ine and good combustion. M o s t  
o f  t h e  cost  i s  associated w i t h  p a r t i c u l a t e  c o n t r o l  equipment. Tota l  c a p i t a l  
cost  i s  est imated a t  $4,320,000 f o r  basel ine combustion and $3,510,000 f o r  
good combustion. 

combustion prac t ices .  Major d i r e c t  operat ing costs are associated w i t h  
maintenance mater ia ls ,  e l e c t r i c i t y ,  l ime, and monitor maintenance. The 
l a r g e s t  annualized cost  i s  t h e  c a p i t a l  recovery and downtime. The t o t a l  
annualized cos t  f o r  the m o d i f i c a t i o n  i s  51,400,000 per year f o r  basel ine 
combustion and $1,170,000 f o r  good combustion. 
4.2.7 Best Ac id Gas Control 

spray d r y e r / f a b r i c  f i l t e r  system w i l l  be i n s t a l l e d  t o  t r e a t  t h e  t o t a l  f l u e  gas 
from both combustors. Lime s l u r r y  w i l l  be fed t o  a s i n g l e  spray dryer  a t  a 
2.5:1 molar ca lc ium-to-ac id gas r a t i o .  Lime w i l l  be s l u r r i e d  i n  s u f f i c i e n t  
water t o  cool t h e  f l u e  gas t o  from 450°F t o  3OO0F a t  a r a t e  o f  19 and 12 gpm 
f o r  basel ine and good combustion, respect ive ly .  A f a b r i c  f i l t e r  w i t h  43,500 
and 30.600 square feet o f  c l o t h  (gross a i r - t o - c l o t h  r a t i o  o f  3 : l )  w i l l  be 
i n s t a l l e d  f o l l o w i n g  the spray dryer  f o r  base1 i n e  and good combustion 
pract ices,  respec t ive ly .  The p r o j e c t  a lso  includes moni tor ing equipment f o r  
HC1, SO2, 02, and opaci ty .  

4.2.6.2 Environmental P erformance.. Tota l  CDD/CDF emissions are 

4.2.6.3 Costs. Tota l  c a p i t a l  cos t  requirements f o r  d ry  sorbent 

- 
Both estimates assume moderate APCD access/congestion l e v e l .  

Annual OM and i n d i r e c t  costs are presented i n  Table 4.2-8 f o r  both 

4.2.7.1 p e s c r i o t i o n  o f  Modi f icat ions.  For best a c i d  gas c o n t r o l  a new 

4-71 
~ 



TABLE 4.2-7 PLANT CAPITAL COST FOR DRY SORBENT INJECTION WITH FABRIC FILTER 
(Two units o f  120 tpd each) 

~ 

Item 
costs (41000) 

Practices Practices 
Baseline Combustion Good Combustion 

DIRECT COSTS: 

Acid Gas Control 
Equipment 
Access/Congest i on Costa 

Particulate Control 
Equipment 
Access/Congestion Cost 

New Flue Gas Ducting 
Ducting Cost 
Access/Congest i on Cost 

Fan 
Other Equipment 

Stacks 
Oemoiition/relocation 

Total 

Indirect Costs and Contingencies 

Monitoring Equipmenta 

TOTAL CAPITAL COST 

DOUNTIME COST 

ANNUALIZED CAPITAL RECOVERY AND DOWNTIME 

198 
20 

1,200 
294 

144 
36 

2 53 
0 

_o 
2,150 

1,890 

286 

4,320 

94 

580 

198 
20 

932 
233 

121 
30 

- 

180 
0 
0 

,710 
- 

,510 

286 

3,510 

94 

474 

aTurnkey. 
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TABLE 4.2-8 PLANT ANNUAL COST FOR DRY SORBENT INJECTION-WITH FABRIC FILTER 
(Two u n i t s  o f  120 tpd  each) 

I tem 

~~~ ~~ 

costs  ($1000) 

Pract ices Pract ices 
Baseline Combustion Good Combustion 

DIRECT COSTS: 

Operating Labor 
Supervis ion 
Maintenance Labor 
Maintenance Mater ia ls  
E l e c t r i c i t y  
Comprpsed A i r  
Water 
Lime 
Waste Disposal 
Monitors 

Tota l  

INDIRECT COSTS: 

Overhead 
Taxes, Insurance, and Admin is t ra t ion 
Cap i ta l  Recovery and Downtime 

Total  

TOTAL ANNUALIZED COST 

40 
6 

1 3  
105 

17 
4 

73 
35 

107 
553 

101 
161 
580 

842 

1,400 

- 

40 
6 

I6b  116 
76 
12 
0 

73 
35 

107 
480 

- 

88 
129 

474 

691 

1,170 

aIncludes bag replacement co'sts o f  $42,000. 

bIncludes bag replacement costs o f  $30,000. 

'Incremental increase i n  water costs from base1 ine.  
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Monitors for HC1, SO2, and O2 will be located in the ducting before the spray 
dryer and at the outlet of the fabric filter. 
installed at the outlet of the fabric filter. 

allow the existing stack to be reused. The proposed equipment layout is 
illustrated in Figure 4.2-6. 
receiving, storage, and slurry area and the location of the waste storage 
silo. Access and congestion levels are assumed to be moderate for the flue 
gas ducting, spray dryer/fabric filter and the sorbent preparation and waste 
silo. Advanced planning will be required to limit combustor downtime to 
approximately one month. 

99 percent from the combustor outlet levels or to 5 ng/dscm, whichever is 
greater, are expected. Emissions o f  particulate matter will be reduced from 
0.33 gr/dscf to 0.01 gr/dscf. 
and 97 percent for HC1. Solid waste will be increased by 1,240 tons/yr 
re1 ative to basel ine. 

An opacity monitor will also be 

This arrangement will require about 270 total feet of new duct, but will 

This sketch also shows the location of the lime 

4.2.7.2 Environmental Performance. Total CDD/CDF emission reductions of 

Acid gases will be reduced 90 percent for SO2 - 

4.2.7.3 Costs. Capital cost requirements for installing a spray dryer/ 
fabric filter system are presented in Table 4.2-9 for baseline and good 
combustion. Total capital cost is estimated at 59,600,000 and 58,020,000 for 
baseline and good combustion conditions, respectively. This figure includes 
purchased equipment, installation, and indirect costs such as engineering and 
contingencies. 

Annual OM and indirect costs are presented in Table 4.2-10. 
annualized cost of good acid gas control are 52,350,000 and $1,990,000 per 
year for basel ine and good combustion, respectively. 
4.2.8 Sumnarv of Control Ootions 

described in the previous sections have been combined into seven retrofit 
emission control options. Table 4.2-11 summarizes the combustion, particulate 
control, and acid gas control technologies described in Section 4.2.3 through 
4.2.7 that were combined for each of the control options described in 
Section 3.0. 

Estimates assume moderate access and congestion. 
Total 

4.2.8. Descriotion of Control Ootions. The control technologies . 
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TABLE 4.2-9 PLANT CAPITAL COST FOR SPRAY DRYER WITH F A B R I C  FILTER 
(Two u n i t s  of 120 t p d  each) 

Item 
costs  ($1000) 

Base1 ine  Combustion Good Combustion 
Pract ices Pract ices 

DIRECT COSTS: 

Acid Gas and P a r t i c u l a t e  Control 
Equipment 4,290 3,580 
Access/Conges t i on Cost a 1,070 899 

New Flue Gas Ducting 
Ducting Cost 
Access/Congestion Cost 

162 
41 

136 
34 

Other Equipment 
Fan 271 194 - 
Stacks 0 0 
Demo1 i t i o n / r e l  ocat ion 0 

5,840 4,840 

I n d i r e c t  C o s t s  and Contingencies 3,480 2,880 

Moni tor ing Equipment 286 286 

TOTAL CAPITAL COST 9.600 8,020 

DOWNTIME COSTS 94 94 

ANNUALIZED CAPITAL RECOVERY AND DOWNTIME 1,270 1,070 

4-77 
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TABLE 4.2-10 PLANT ANNUAL COST FOR SPRAY DRYER WITH FABRIC FILTER 
(Two units o f  120 tpd each) 

costs 161000~ 
Item Baseline Combustion Good Combustion 

Practices Practices 

DIRECT COSTS : 

Operating Labor 
Supervision 
Maintenance Labor 
Maintenance Materials 
Electricity 
Compressed Air 
Water 
Lime 
Waste Disposal 
Monitors 

Total 

39 
6 

21, 
159 
132 
20 

4 
60 
44 

107 
592 

39 
6 

‘lb 127 
94 
14 

2 
60 
44 

107 

514 

- - 

INDIRECT COSTS: 

Overhead 110 98 
Taxes, Insurance, and Admini stration 373 309 
Capital Recovery and Downtime 1.270 1,070 

TOTAL ANNUALIZED COST 2,350 1,990 

Total 1,750 1,480 

aIncludes bag replacement costs o f  $42,000. 

bIncludes bag replacement costs o f  $30,000. 
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4.2.8.2 Environmental Performance. The performance of each control 
option is summarized in Table 4.2-12. 
both the pollutant concentrations and annual emissions. 
gases, particulate matter, and CDD/CDF all are achieved with a spray dryer/ 
fabric filter system. 
pollutants is the dry sorbent injection technology. 
technology increases the baseline solid waste disposal by about 6.5 percent, 
and the spray dryer/fabric filter system increases the baseline sol id waste 
disposal by about 5.8 percent. CO reduction of 70 percent from baseline is 
achieved for those options having good combustion. 

Table 4.2-13. 
filter installation with combustion modification (Option 7). The total 
capital costs for this option is 11,900,000 and the total annualized cost is 
52,820,000. 
annualized costs for Option 1. 
higher for higher levels of control. 

impacts associated with the control options. 
incremental use from baseline. 
options consume the most electricity of the two fabric filter options, Option 
6 consumes more electricity at a rate of 2,870 MWh per year. 
fired for those options requiring combustion modification all at a rate of 
22 billion Btu per year. 

For each pollutant the table presents 
The greatest on acid 

The next most effective control for all these 
Dry sorbent injection 

4.2.8.3 w. The total annualized cost of each option is presented in 
The most expensive control option is the spray dryer/fabric 

This annualized cost is roughly 3 times higher than the - 
Overall, both capital and annualized costs are 

4.2.8.4 Enerav Impacts. Table 4.2-14 presents a summary of the energy 

The spray dryer with fabric filter control 
The energy use figures are 

Auxiliary fuel I S  
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TABLE 4 . 2 - 1 4  ENERGY IMPACTS FOR ROCKING/RECIPROCATING MASS BURN 
REFRACTORY -WALL COMBUSTOR CONTROL OPTIONS 

O p t i o n  
E l e c t r i c a l  Use 

(M\Jh/w) 

0 

217 

3 4 9  

2 , 2 8 0  

1 , 6 5 0  

2 ,  a70 

. 2 , 0 3 0  

2.2E10 

2 . 2 E 1 0  

2 . 2 E 1 0  

0 

2 . 2 E 1 0  

0 - 
2 . 2 E 1 0  

.. 
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4.3 GRATE/ROTARY KILN REFRACTORY -WALL COMBUSTOR 
This section presents the case study results for a mass burn 

refractory-wall MWC'using a split flow configuration with a rotary kiln. A s  

shown in Table 4.0-1, there are 5 known plants of this type. Section 4.3.1 
presents a description of the Montgomery County (Dayton) Ohio, plants, which 
were visited to gather information for model development. Section 4.3.2 
presents a description of the model plant. Sections 4.3.3 through 4.3.6 
describe the retrofit modifications, estimated performance, and costs 
associated with various retrofit controls. Section 4.3.7 presents a summary 
of the control options, which are described in more detail in Section 3.0 o f  
this report. 
4.3.1 

North and South plants. 
identical designs, and both plants are currently undergoing expansions which 
are expected to be complete in 1988. 
consisted of two 300 tpd Volund refractory-lined combustors (#I  and # 2 )  with 
reciprocating grate sections fallowed by a rotary k i l n .  
illustrated in Figure 4.3-1. The original air pollution controls consisted 
of low energy wet scrubbers. Electrostatic precipitators (ESP's) were added 
to all of the existing combustors in the early 1980's. 
scrubbers are now used as cooling and mixing chambers. 

at each plant site. The #3 combustor at the North plant is equipped with a 
Combustion Engineering waste heat boiler with a design capacity of 
82,000 lb/hr of steam at 750 psig and 750°F, and a 6 MW extraction turbine. 
Space is being provided at the South plant for a similar boiler design to be 
added later to its #3 combustor. 
contingent on the successful operation of the boiler at the North plant. 
The description of the plants which follows will apply to the existing 
combustors (#1 and #2) at either of the plants. 
differ between the two plants these differences will be identified. 

DescriDtion o f  Montaomerv County. Ohio Plants4 
Montgomery County, Ohio operates two MWC plants, referred to as the 

Both plants began operating in 1970 using nearly 

The original design at each plant 

The units are 

The original wet 

The current facility expansions will add a third 300 tpd combustor ( # 3 )  

Boiler addition at the South plant is 

Where design and operations 
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4.3.1.1 Combustor Desian and ODeration. The two e x i s t i n g  combustors 
operate 24 hours/day, 7 days/week, w i t h  as few shutdowns as possible.  
i s  dumped by t r u c k s  i n t o  a l a r g e  ho ld ing  p i t  where i t  i s  mixed by an 
overhead crane and charged t o  i n d i v i d u a l  combustor feed hoppers. Both 
p l a n t s  have experienced p i t  f i r e s  i n  t h e  past.  
addressed w i t h  i n s t a l l a t i o n  o f  emergency water hoses on t h e  c e i l i n g  o f  the 
b u i l d i n g  above t h e  ho ld ing  p i t .  
The feed r a t e  i s  c o n t r o l l e d  by t h e  speed o f  t h e  f i r s t  g r a t e  sect ion.  A 

p r o f i l e  sketch o f  the e x i s t i n g  combustors i s  shown i n  F igure 4.3-1 ,  and 
operat ing and design data are presented i n  Table 4.3-1.  

Waste tumbles from the feed chute onto the f i r s t  o f  two shor t  d ry ing  
g r a t e  sect ions,  where moisture i s  re leased p r i o r  t o  i g n i t i o n .  
o f  about two f e e t  separates t h e  two sect ions.  
t o  the d r y i n g  grates.  
which f a l l s  through. 
disposal  system. 
g r a t e  sect ions i n  3 o f  the 4 e x i s t i n g  combustors,at t h e  2 p l a n t s  t o  prov ide 
r a d i a t i v e  heat t o  the d r y i n g  grates.  
appear t o  be an essent ia l  design feature,  however. The #1 combustor a t  the 
North p l a n t  no longer  has the t ransverse arch, and the design being used i n  
the #3 combustors w i l l  inc lude a v e r t i c a l  arch r a t h e r  than the transverse 
design (see F igure 4.3-2) .  

down onto t h e  i g n i t i o n  grate,  where a c t i v e  burning takes place. 
fo rced-dra f t  fans supply u n d e r f i r e  a i r  t o  a s i n g l e  windbox beneath t h e  
i g n i t j o n  g r a t e  i n  each o f  t h e  combustors. This f l o w  i s  adjusted manually by 
a damper loca ted  i n  t h e  supply header. Under f i re  a i r  i s  drawn from the p i t  

area. The windbox i s  no t  w e l l  sealed, as the a i r  i .s  n o t  h i g h l y  pressur ized. 

When these fans are inoperable the system operates w i t h  o n l y  t h e  ID fan 
p u l l i n g  a i r  through t h e  windbox. 

r o o f  of t h e  i g n i t i o n  chamber and are d isp layed i n  the c o n t r o l  room. Normal 

operat ing temperatures i n  the i g n i t i o n  chamber were repor ted  t o  be 1,700 t o  
1,800°F. 

Waste 

This problem has been 

Waste i s  fed  to 'each combustor by g r a v i t y .  

A g ra te  step 
No u n d e r f i r e  a i r  i s  suppl ied 

Hoppers are l o c a t e d  beneath t h e  grates t o  catch waste 
The s i f t i n g s  and r i d d l i n g s  are conveyed t o  the ash 

A t ransverse r e f r a c t o r y  arch i s  loca ted  above the d r y i n g  

Existence o f  these arches does not 

From t h e  second dry ing  g r a t e  sec t ion  waste tumbles approximately 5 f e e t  
I n d i v i d u a l  

F lue gas temperatures are measured by a thermocouple loca ted  i n  t h e  

Two s idewal l  o v e r f i r e  a i r  p o r t s  (4  i nch  square) are located on 
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TABLE 4.3-1. MONTGOMERY COUNTY, OHIO DESIGN DATA 

General : 
Number o f  combustors a t  each p l a n t  
TY pe 

Combustor capac i ty  
P1 ant  Capacity 

K i l n  Parameters: 
Length 
Diameter 
Maximum K i l n  Speed 

- 2 (3 w i t h  expansion) 
- Reciprocat ing g ra te  fo l lowed 

by r o t a r y  k i  1 n. 
- 300 tpd  each 
- 600 tpd  (900 tpd  w i th  

expansion) 

- 30 f e e t  - 10 f e e t  
- 10 rph 

' Gas Condit ioning: 
Condi t ion ing Chamber 

Maximum Cooi ing Water Flow 

P a r t i c u l a t e  Emission Controls:  
Type 
Manufacturer 
Number o f  ESP's 
Number o f  F ie lds  
Operat ing Temperatures 
Design Ou t le t  Grain Loading 
P a r t i c u l a t e  Emission L i m i t  
Gas Flow 
Tota l  P la te  Area 
SCA @ 100,000 acfm 
Residence Time 
Dimensions: 

Length 
Width 
Height 

P a r t i c u l a t e  Mat te r  Emissions 

Furnace Sorbent I n j e c t i o n  
Acid Gas Emission Contro l :  

- 27 f e e t  i n  length  
28 f e e t  i n  he igh t  

- 180 gpm 

- E l e c t r o s t a t i c  P r e c i p i t a t o r  - Uni ted - McGi l l  
- 2 (one per combustor) 
- 3 per ESP 
- 450 t o  600°F 
- 0.03 gr /dscf  a t  12% C02 
- 0.03 gr /dscf  a t  12% C02 
- 100.000 acfm 
- 32,580 square f e e t  

- 8 seconds 

- 30 f e e t  
- 20 f e e t  
- 30 f e e t  - 0.036 gr /dscf  a t  12% C02 

- 326 

(March 1985) 
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each s ide  of t h e  combustor approximately 5 f e e t  above t h e  l e v e l  o f  the 
grate.  
the system. 
doors, and seals downstream. 
pressure o f  27 inches o f  water head capaci ty  provides o v e r f i r e  a i r  t o  both 
e x i s t i n g  combustors (#1 and # 2 ) .  Thus, loss  o f  t h i s  fan e l im ina tes  the 
o v e r f i r e  a i r  supply t o  both u n i t s .  

Burning waste i s  discharged from the i g n i t i o n  g r a t e  and f a l l s  
approximately 4 f e e t  i n t o  a r e f r a c t o r y - l i n e d  r o t a r y  k i l n .  The k i l n  i s  
approximately 10 f e e t  i n  diameter and 30 f e e t  i n  length.  
a t  a maximum speed o f  10 rph. 
i n  t h e  same d i r e c t i o n  as t h e  waste. 
long r e t e n t i o n  t imes i n  t h e  k i l n .  
and f a l l s  i n t o  a dater quench p i t  where i t  i s  removed by a drag chain 
conveyor. 

por t ions  f l o w i n g  through t h e  r o t a r y  k i l n  o r  through a r e f r a c t o r y - 1  ined 
overhead bypass duct.  
stream o f  the r o t a r y  k i l n  (see Figure 4.3-1). 
the r o o f  o f  the mixing chamber. Typica l  operat ing temperatures i n  t h i s  
reg ion vary from 1,700 t o  1,900°F. 
where water sprays lower t h e i r  temperatures t o  approximately 60OoF. 
water spray r a t e s  were repor ted t o  vary from 80 t o  110 gpm. The maximum 
coo l ing  water f l o w  r a t e  i s  about 180 gpm. The f l o w  o f  water i s  adjusted 
automat ica l ly  t o  mainta in  a temperature s e t  p o i n t  a t  the ESP i n l e t .  
emergency dump stack i s  located a t  t h e  t o p  o f  t h e  mixing chamber f o r  use 
when t h e  ESP's o r  water sprays are inoperable.  

Volund cast  i r o n  g r a t e  systems. As t h e  cas t  i r o n  grates have fa i led ,  they 
have been replaced by a custom design which was fabr ica ted  s p e c i f i c a l l y  f o r  
the two p lan ts .  
c a l l e d  s t r i n g e r s ,  across t h e  w id th  of t h e  gra te  sec t ion  ( s i d e  w a l l  t o  s ide  
w a l l ) .  Under f i re  a i r  passes up through s l o t s  located between t h e  grates and 
a t  t h e  f r o n t  o f  the g r a t e  nose. 

These a i r  p o r t s  are t h e  l a s t  p o i n t  o f  c o n t r o l l e d  a i r  i n j e c t i o n  t o  

A s i n g l e  o v e r f i r e  a i r  fan w i t h  an operat ing 
However, there  are numerous po in ts  o f  a i r  in leakage from por ts ,  

The k i l n  r o t a t e s  

Burnout o f  s o l i d s  i s  achieved through 
The k i l n  i s  a co- f low design; f l u e  gases f low 

Bottom ash i s  discharged from t h e  k i l n  

. 
The f l o w  o f  combustion gases from t h e  i g n i t i o n  chamber i s  s p l i t ,  with 

The s p l i t  f lows converge i n  a mixing chamber down- 
A thermocouple i s  located on 

The gases then f low t o  a c o o l i n g  chamber 
Typical  

An 

Grate System. The e x i s t i n g  combustors were o r i g i n a l l y  equipped w i t h  

The new s t a i n l e s s  s t e e l  grates are arranged i n  13 rows, 

The South p l a n t  has d r i l l e d  holes through 
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t h e  t o p  o f  t h e  g r a t e  bars, wh i le  the North p l a n t  uses s o l i d  sect ions.  
design o r  operat ional  advantages have been r e a l i z e d  from e i t h e r  g r a t e  system 
t o  date. 

The combustors are operated on a manual c o n t r o l  
scheme. 
v isua l  observat ions o f  t h e  burning process and on the temperature readings 
a t  t h e  var ious stages through t h e  system. The combustor d r a f t  requ i res  a 
manual s e t t i n g  on t h e  I D  fan  w i t h  automatic cont ro l  t o  mainta in  -0.25 inches 
o f  water pressure i n  the i g n i t i o n  chamber and -0.7 inches o f  water i n  t h e  
mixing chamber. 
by t h e  adjustment o f  the water sprays i n  t h e  coo l ing  chamber. 
a d d i t i o n  o f  the t h i r d  combustor the c o n t r o l s  w i l l  a l l  be consol idated a t  one 
new l o c a t i o n  i n  t h e  b u i l d i n g .  

combined i n  t h e  wet ash quench and removed from the b u i l d i n g  by a drag chain 
conveyor. 
s i t e  adjacent t o  the North p l a n t .  The ash a t  t h e  South p l a n t  i s  s tored 
temporar i l y  behind t h e  p l a n t  u n t i l  i t  can be trucked t o  t h e  North s i t e  
l a n d f i l l .  
metals from t h e  l a n d f i l l  s i t e  p r i o r  t o  b u r i a l ,  and a base p r i c e  per ton  o f  
metal recovered i s  pa id  t o  t h e  County. The l a n d f i l l  s i t e  i s  l i n e d  w i t h  c l a y  
and was repor ted t o  be equipped w i t h  groundwater moni tor ing we l ls .  No 
substances o ther  than ash are disposed o f  i n  the l a n d f i l l  a t  t h e  Nor th 
p lan t .  

source o f  a u x i l i a r y  f u e l .  
both e x i s t i n g  combustors o f f  l i n e  a t  any given t ime. 
loca ted  i n  t h e  h a i r p i n  duct  sect ion downstream o f  the c o n d i t i o n i n g  chamber, 
connecting both combustors. 
i s  opened and h o t  gases from the o ther  combustor are used t o  preheat the 
c o l d  ESP. 
g radua l ly  developing s tab le  burning pa t te rns .  
r e f r a c t o r y  takes up t o  24 hours t o  reach steady s ta te  operat ing temperatures. 

No 

Combustion Controls.  
A i r  f lows and g r a t e  and k i l n  speeds are adjusted manually based on 

As mentioned above, temperatures i n  t h e  ESP are maintained 
With t h e  

They w i l l ,  however, remain l a r g e l y  manual. 
Ash Disoosal. S i f t i n g s ,  r i d d l i n g s ,  bottom ash, and f l y  ash are - 

A l l  o f  t h e  ash from both p l a n t s  i s  bur ied  i n  a s i n g l e  l a n d f i l l  

P r i v a t e  scavengers are permi t ted t o  remove and r e c l a i m  scrap 

Start-Uo/Shutdown. None o f  the e x i s t i n g  combustors i s  equipped w i t h  a 
The p l a n t s  repor ted that they almost never have 

A crossover duct  i s  

When one u n i t  i s  s t a r t e d  up, t h e  crossover duct  

However, t h e  combustors a r e  s t a r t e d  up by i g n i t i n g  t h e  waste and 
From a c o l d  s t a r t  t h e  
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Auxiliary gas burners are reportedly being added in the mixing chamber of 
the new combustor (13). 
waste in the system and letting the combustor cool. 

North plant will include a waste'heat boiler and turbine generator, and the 
South plant is providing space to include a similar design. 
at the North plant is depicted in Figure 4.3-2. 
does not change appreciably from that of the existing combustors. 
changes include: 

Shutdown i s  achieved simply by burning out the 

Facilitv ExDansion. As mentioned previously, the #3 combustor at the 

The arrangement 
The basic configuration 

Specific 

- A vertical refractory arch hangs from the combustor roof, 

- the riddlings conveying system uses a wet chain conveyor rather than 

- the riddlings hopper is water sealed, 
- the windbox under the ignition grate will be sealed, and 
- air is injected through fan ports on the back wall of the ignition 

a vibrating conveyor, 

- 
chamber., where waste builds up. 

Suffic.ient fan capacity is available in the two underfire air fans and the 
single overfire air fan that service the existing combustors so that ducting 
from these units can supply air to the #3 combustor. 

An interesting design feature of this system is the operational 
flexibility provided to the plant through a boiler bypass. 
provides a flue gas flow path similar to that used in the existing 
combustors. 
normally pass through the boiler and 25 percent througti the bypass. 
However, all of the flue gas can pass through the bypass, allowing 
incineration to continue in the event that the boiler must be removed from 
service for maintenance or other reasons. 
was focused on unit reliability rather than on maximized steam production. 

The boiler will be operated at 500 psig and 65OoF, considerably below 
its design rating (750 psig at 750OF). Boiler load will also be slightly 
less than rated capacity (82,000 lb/hr of steam). 
were taken into account in the boiler design by providing an additional 
1/2 inch of steel on all areas o f  the.steam drum that come into direct 
contact with flue gases. Waterwall and superheater tube wastage experienced 

This bypass 

Plant personnel estimate that 75 percent of the flue gas will 

In the new unit, design attention 

Additional safety factors 

4-91 



a t  o ther  resource recovery p l a n t s  due t o  flame impingement and p a r t i c u l a t e  
carryover  are n o t  expected t o  occur i n  t h e  cur ren t  design because o f  the 
remote l o c a t i o n s  o f  heat t r a n s f e r  surface r e l a t i v e  t o  t h e  a c t i v e  burning 
regions. 

so ld  t o  t h e  l o c a l  g r i d .  
the s i t e  v i s i t .  The p l a n t  does no t  c u r r e n t l y  have a steam customer, b u t  a 

b l i n d  connection has been provided i n  t h e  b o i l e r  design. A f i n  tube 
economizer i s  loca ted  downstream o f  t h e  I D  fan  t o  preheat b o i l e r  feedwater. 
Feedwater t reatment equipment i s  loca ted  on s i t e ,  and wi thout  sa le  o f  steam, 
make-up water i s  minimal. 

4.3.1.2 b. Each combustor 
i s  equipped w i t h  a dedicated 3 - f i e l d  ESP manufactured by Uni ted-McGil l .  
Table 4.3-1 presents design and operat ing data f o r  the ESP’s, and Figure 
4.3-3 shows a p l o t  p lan o f  t h e  South p l a n t .  
coo l ing  chamber through a h a i r p i n  duct  and enter  t h e  ESP. 
located a t  t h e  t o p  o f  the h a i r p i n  duct  measures the temperature a t  t h i s  
p o i n t  and c o n t r o l s  t h e  r a t e  o f  water i n j e c t i o n  upstream i n  t h e  coo l ing  
chamber. 

r u s t  forms e a r l y  a f t e r  i n s t a l l a t i o n ,  prevent ing f u r t h e r  c o r r o ~ i o n . ~  The 
p l a n t  repor ted t h a t  the ESP’s have been operated below 5OO0F, but  long-term 
operat ion a t  these temperatures has r e s u l t e d  i n  deposi ts o f  an unknown 
substance on t h e  p l a t e s  t h a t  must be p e r i o d i c a l l y  ”baked o f f ”  a t  tempera- 
tu res  i n  excess o f  60OoF. 
regu la to ry  o f f i c e  ind ica ted  t h a t  t h e  ESP’s have achieved an average g r a i n  
loading o f  0.036 gr /dscf  corrected t o  12 percent C02 (March 1985 compliance 
t e s t  r e s u l t s ) .  

Each p l a n t  has one stack f o r  the two e x i s t i n g  combustors. A new stack 
i s  being constructed a t  each p l a n t  f o r  dedicated use w i t h  t h e  new combustors. 
An opac i ty  moni tor  i s  loca ted  i n  each stack. 
about 5 percent dur ing  t h e  2-day v i s i t .  

E l e c t r i c i t y  w i l l  be generated by a 13-stage Murray steam t u r b i n e  and 
The p r i c e  was under negot ia t ion  dur ing  the t ime o f  

Flue gases f l o w  upward from t h e  - 
A thermocouple 

Setpoint  temperatures repor ted ly  vary from 500 t o  590°F. 

The p l a t e s  are made o f  COR-TEN s t e e l  so t h a t  a p r o t e c t i v e  coat ing o f  

Measured p a r t i c u l a t e  data provided by t h e  State 

Opacity was observed t o  be 
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Figure 4.3-3. P l o t  Plan o f  W o n t g w r y  County (South), OH. 
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With the construction of the new combustors (#3), a number of air 
permitting issues arose concerning SO2 emission levels and BACT 
determinations. 
systems on the existing combustors (#1 and #2)  to reduce SO2 emissions and 
allow erection of the #3 combustors. 

cubic foot at'a time to a three cubic foot surge bin. 
feeding system feeds the limestone to a venturi device, which injects 
limestone into the overfire air ducts. 
sorbents, crushed limestone was selected due to lower costs than lime. 
limestone is injected into the flue gas at a rate of 135 to 160 lb/hr per 
combustor. 
30 percent SO2 reduction is achieved. 
continuous SO2 monitors at the stack' while the sorbent injection system was 
operating and then turned off. 
2.5 lb/ton of waste charged. 
systems has permitted the plants to comply with this regulation and avoid 
PSD applicability for SO2. 

has been noted by the operators since operation of the injection system 
began. 
4.3.2 Descriotion of Model Plant 

4.3.2.1 combustor Desian and Ooeration. The configuration of the 
.combustion system is similar in configuration to that o f  the existing units' 
at the Montgomery County, OH plants. This is typical of the four other 
facilities in this subpopulation. The model plant is comprised of three 
combustors, each with a design capacity of 300 tpd. 
plant operates at 100 percent capacity, 24-hours/day, 7-days/week. 
data for the model plant is shown in Tabie 4.3-2. 

grates, a burning (ignition) grate, and a refractory-lined ratary kiln. 
Waste feeding is accomplished by gravity and controlled by manual adjustment 
of the first drying grate section. Each o f  the combustors has separate 
underfire and overfire air fans. Underfire air is supplied beneath the 

The. plants installed combustor dry sorbent injection 

Crushed limestone is pneumatically conveyed from a storage silo one 
A meterable auger 

After experimenting with a number of 
The 

Limited emissions testing indicates that somewhat less than 
These results were documented by 

The State emission limit for SO2 is 
The marginal control efficiency o f  these 

- 

No impact on fly ash amount or ESP performance 

It is assumed that the 
Baseline 

The plant uses early Volund technology, which consists of two drying 
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TABLE 4.3-2. MODEL PLANT BASELINE DATA FOR GRATE/ROTARY KILN 
REFRACTORY -WALL COMBUSTOR 

Combustors: 
Capacity 
Rotary K i l n  

Design Percent 
Excess A i r  

Tota l  Excess A i r  
( i n c l u d i n g  inleakage) 

I n l e t  PM Loading 
Condi t ion ing Chamber 

Emission Controls: 

Gas Condit ioning: 

Type 
Number 
Gas Flow 
C o l l e c t i n g  Area 
SCA a t  .210,000 acfm and 55OoF 
I n l e t  PM Loading 

Emi ssionsa: 
CDD/CDF ( t e t r a - o c t a )  (stack) 
co 
PM (stack) 
HC1 
so 
So?id Waste 

Stack Parameters: 
Height 
O i  ameter 

Remaining P lan t  L i f e  
Annual Operating Hours 
Annual Operating Cost 

Operating Data: 

- 3 u n i t s  a t  300 tons per day each - 30 f e e t  i n  length 
- 10 f e e t  diameter - 10 rpm maximum speed 

- 250 percent 

- 275 percent 

- 3.0 gr /dscf  a t  7 percent. O 2  
- 27 f e e t  i n  length 
- 28 f e e t  i n  width 

- 3 - f i e l d  ESP 
- 3, one per combustol; - 210,000 acfm a t  550 F 
- 53,000 square f e e t  
- 250 square f e e t  per 1000 acfm 
- 1.0 gr /dscf  a t  7 percent O2 

- 6,000 ng/dscm 
- 500 ppmv 
- 0.03 gr /dscf  a t  7 percent O2 
- 500 ppmv 
- 200 ppmv - 270 t p d  

- 120 f e e t  - 8 f e e t  

- 15 years 
- 8,000 - S9,910,000/year 

a A l l  values are dry,  corrected t o  7 percgnt 0 Standard and normal 
ail emissions except PM and cond i t ions  are bo th  1 atmosphere and 70 F. 

CDO/CDF are measured a t  combustor e x i t .  



i g n i t i o n  g r a t e  j u s t  upstream o f  t h e  r o t a r y  k i l n .  
suppl ied t o  the d r y i n g  grates.  O v e r f i r e  a i r  i s  suppl ied on each o f  the s ide 
w a l l s  o f  t h e  i g n i t i o n  chamber through two square por ts .  Control  o f  both a i r  
suppl ies i s  t o t a l l y  manual (based on i n d i v i d u a l  damper s e t t i n g s ) .  Grate 
speeds and r o t a r y  k i l n  r o t a t i o n a l  speeds are manually adjusted. 

capaci ty.  
a i r  i s  assumed t o  be provided by the f o r c e d - d r a f t  fans. 
a number o f  p o i n t s  o f  a i r  inleakage i n  t h e  system which are assumed t o  
c o n t r i b u t e  an a d d i t i o n a l  25 percent excess a i r .  
f low i s  77,600 scfm (72,300 dscfm), i n c l u d i n g  a l l  f l u e  gas products. 

i g n i t i o n  chamber and a t  the ESP i n l e t .  Water sprays are automat ica l ly  
adjusted i n  t h e  c o o l i n g  chamber based on the temperature set  p o i n t  a t  t h e  
ESP i n l e t .  

Table 4.0-1,  3 o f  t h e  5 p l a n t s  i n  t h i s  subcategory and 16 o f  t h e  
24 r e f r a c t o r y - w a l l  MWC’s are equipped w i t h  ESP’s. Therefore, the most 
representa t ive  APCD f o r  the model p l a n t  i s  an ESP. 
model development, t h e  model i s  assumed t o  have an emission c o n t r o l  system 
s i m i l a r  t o  t h e  Montgomery County p lants ,  w i t h  the except ion t h a t  t h e  model 
does n o t  have sorbent i n j e c t i o n .  
Montgomery County p l a n t s  and i s  n o t  representat ive o f  t h e  populat ion.  

Each combustor a t  the model p l a n t  i s  equipped w i t h  a 3 - f i e l d  ESP w i t h  
53,000 square f e e t  o f  c o l l e c t i n g  area. 
0.03 gr/dscf. For t h e  purposes o f  model development, i t  w i l l  be assumed 
t h a t  each combustor has i t s  own stack, and t h a t  access/congestion 
c o n s t r a i n t s  are moderate. A p l o t  p lan o f  the model p l a n t  i s  shown i n  
F igure 4.3-4.  

emissions data f o r  t h e  model p l a n t .  The Montgomery County p l a n t s  do no t  
have measured CDD/CDF emission data ava i lab le .  Due t o  the absence o f  an 
o v e r f i r e  a i r  i n j e c t i o n  p o i n t  downstream o f  the r o t a r y  k i l n  i t  i s  assumed 

There i s  no u n d e r f i r e  a i r  

Theoret ica l  a i r  requirements are approximately 17,800 scfm a t  f u l l  
Based on measured data from t h e  North p lant ,  250 percent excess 

There are, however, 

Therefore, the t o t a l  gas 

Temperatures are monitored by thermocouples located i n  t h e  r o o f  o f  the 

- 
4 .3 .2 .2  Ern i s s i o n  Control  Svstem Oes im and Operation. As shown i n  

For t h e  purposes o f  

Furnace sorbent i n j e c t i o n  i s  unique t o  

Current stack PM emissions are 

4.3.2.3 Environmental Baseline. Table 4 .3 -2  a lso  presents basel ine 
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Figure 4.3-4. Model P l a n t  P l o t  Plan. I 
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t h a t  mix ing  o f  combustion gases i s  no t  optimized, and t h a t  C3D/CDF 
d e s t r u c t i o n  i s  a l s o  n o t  optimized. The h igh  excess a i r  l e v e l s  a lso  

c o n t r i b u t e  t o  quenching o f  t h e  combustion process, r e s u l t i n g  i n  i n s u f f i c i e n t  
furnace temperatures. Assumed CDD/COF base1 i n e  emission values are 
4,000 ng/dscm cor rec ted  t o  7 percent 02.‘ These values do n o t  r e f l e c t  
poss ib le  organics format ion which may take  p lace downstream o f  t h e  
combustor. Therefore, t h e  model p l a n t  i s  assumed t o  have CDD/CDF emissions 
o f  6,000 ng/dscm corrected t o  7 percent O2 a t  t h e  stack. 

Uncontro l led p a r t i c u l a t e  emissions i n  mass burn waterwal l  combustors 
average 2.0 gr /dscf .  Because excess a i r  l e v e l s  are h igher  i n  r e f r a c t o r y -  
wa l l  combustors, a g rea ter  amount o f  p a r t i c u l a t e  i s  assumed t o  be c a r r i e d  
out o f  t h e  combustor than i n  waterwal l  MWC’s. Therefore, an uncontro l led PM 
emission r a t e  o f  3 . 0  gr/dscf a t  7 percent O2 i s  assumed f o r  basel ine 
condi t ions.  

assumed f o r  t h e  model p l a n t ,  basel ine CO emissions a r e  assumed t o  be 
500 ppmv. 
200 ppmv, respec t ive ly .  

70 percent weight reduct ion.  These values are assumed based on v isua l  
observat ion dur ing  t h e  s i t e  v i s i t  t o  Nor th Montgomery County. Although ash 
disposal  i s  f r e e  f o r  t h e  Montgomery County plants,  an average disposal  fee 
o f  $25/ton i s  assumed f o r  t h e  model p l a n t  t o  be more representa t ive  o f  t h e  
e x i s t i n g  popul a t  ion.  

4.3.3 Good Combustion and Ex haust Gas Temperature C o n t r o l  
The f o l l o w i n g  sect ions descr ibe combustion r e t r o f i t s  developed f o r  t h e  

4 .3 .3 .1  Qescr io t ion  o f  M o d i f i c a t i o n s  
combustion A i r f low Modi f i c a t i o n x .  

Due t o  t h e  poor mix ing cond i t ions  and low operat ing temperatures 

Uncontro l led H C l  and SO2 emissions are assumed t o  be 500 ppmv and 

The model p l a n t  achieves 90 percent waste volume reduc t ion  and 

model p l a n t  descr ibed above. 

The f o l l  owing mod i f i ca t ions  t o  

combustion a i r f l o w s  are included i n  t h e  modi f ied model p lan t :  

o Excess a i r  operat ing l e v e l s  are reduced from 250 percent t o  
150 percent, a l low ieg  furnace operat ing temperatures t o  be 
maintained a t  1,800 F i n  t h e  f u l l y  mixed l o c a t i o n  and reducing the 
p o t e n t i a l  f o r  p a r t i c l e  entrainment. A t  150 percent excess a i r  the 
gas f l o w  from t h e  combustor i s  reduced t o  49.300 scfm 
(46,300 dscfm). 
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o New overfire air ports are added in the overpass duct and in the 
mixing chamber to provide a source of mixing air. The exact 
specifications of these nozzles are to be determined using flow 
modeling studies. Approximately 110 percent of the theoretical 
air requirement (21,700 scfm) is supplied by the mixing air, with 
35 percent theoretical air supplied at the overpass duct and 
75 percent theoretical air supplied in the mixing chamber. In 
furnace CO profiling is used to verify mixing patterns. 

combined total air supplied by the underfire air supply and the 
wall cooling air is 140 percent of the theoretical air 
requirement (27,600 scfm). 

A double guillotine airlock is installed at the bottom of the 
supply plenum/hopper beneath the ignition grate, providing a seal 
to the air supply and eliminating this source of air inleakage. 
However, inleakage downstream of the combustor results in stack 

o The sidewall ports are retained to supply wall cooling air. The 

o 

flows equivalent to 175 percent excess air (53,000 dscfm). 

The reconfigured combustion air design is illustrated in Figure 4.3-5. - 
Auxiliarv Fuel. The modified model plant has two auxiliary fuel 

burners. sized to provide a total heat input equal to 60 percent of full 
unit load (67.5 MH Btu/hr). One burner is located above the drying grates 
on the roof of the ignition chamber. 
of the overfire air nozzles in the mixing chamber. The burners are used 
during start-up, shutdown, and episodes of low furnace temperature and high 
co . 

The second burner is located downstream 

combustion Control. In the baseline configuration the combustion 
control scheme is entirely manual. 
improved controls are necessary. 
primary variables to include in the control scheme are excess oxygen and 
temperature. The revised controls include an oxygen trim loop which 
automatically adjusts the amount of underfire air in response to a signal 
from an oxygen controller. A temperature controller is included with an 
alarm at high and low setpoints. Overfire air rates are kept constant. 
Adjustments in overfire air and kiln grate speeds will be made manually, if 
needed. 

As part of the combustion modifications 
Because there is no steam production, the 
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yerification. Verification of good combustion consists of insuring 
that the system is operating according to its design. 
operating parameterr that must be monitored and controlled in order to 
achieve this objective. At a minimum, refractory-wall combustors must 
continuously monitor: 

There are a number o f  

1) 
2) combustor draft 
3) 0 (excess air) and CO in the flue gas 
4) c&nbustor temperature. 
Underfire and overfire air flows are monitored by maintaining specified 

underfire and overfire air flows (pressure settings) 

pressures in supply headers. Combustor draft is maintained by a variable- 
speed ID fan. flue gas O2 and CO are measured at the same location in the 
system so that the CO reading can be corrected to a standard value, such as 
7 percent 02. Combustor temperature requirements are specified at a location 
where the mixing process is completed, just downstream of the last point of 
overfire air injection. . 

sprays should be lowered so as to maintain the ESP inlet temperature at 
45Oof. 

Temaerature Control Downstream. The set point on the cooling water 

Retrofit Considerations. It is estimated that total facility downtime 
for installation of the combustion modifications will be one week per unit. 

4.3.3.2 bvironmental Performance. As a result of applying the above 
described modifications to the model plant, baseline CDD/COf emissions are 
estimated to be reduced to 500 ng/dscm.2 Emissions of CO are reduced to 
150 ppmv. No change in uncontrolled emissions of PM, HC1, or SO2 can be 
anticipated as a result of these modifications. The modifications also have 
no effect on solid waste disposal quantities. 

presented in Table 4.3-3. Annual operating and maintenance costs are 
presented in Table 4.3-4. The total capital cost of the modifications is 
$1,130,000. Downtime cost is $109,000. Annualized capital and downtime 
costs are $163,000. Total annualized costs, including operating and 
maintenance costs, are $429.000. 

4.3.3.3 Costs. Capital costs of the combustion retrofit options are 
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TABLE 4.3-3. PLANT CAPITAL COSTS FOR COMBUSTION RETROFITS 
(Three u n i t s  o f  300 t p d  each) 

I tem costs  (SlOOO) 

DIRECT COSTS: 

Flow modeling and thermal analys is  
O v e r f i r e  a i r  duct ing,  dampers, p o s i t i o n e r s  and nozzles 
Underfeed and Overfeed a i r  f low monitors 
Gas p i p e l i n e  ( l /Z-rni leA 
A u x i l i a r y  f u e l  burners 
0 and CO monitors w i t h  readouts and i n t e g r a t o r s  ~6 p r o f i l  i n g  
0 t r i m  c o n t r o l s  on forced d r a f t  fans 
d d e r f i r e  a i r  plenum/hopper 

INDIRECT COSTS AND CONTINGENCY: 

TOTAL CAPITAL COSTS 

DOWNTIME COST 

ANNUALIZED CAPITAL COSTS 

Tota l  

125 
39 
32 
50 

244 

38 

135 
10 

79 
752 
- 

- 
376 

1,130 

109 

163 

aOne per combustor. Includes c o n t r o l l e r  and flame detectors .  
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TABLE 4..3-4 PLANT ANNUAL COSTS FOR COMBUSTION RETROFIT 
(Three u n i t s  of 300 tpd each) 

I tem costs (SlOOO) 

DIRECT COSTS: 

Natural  gas consumptiona 
Operating labor  
Maintenance labor  
Maintenance mater ia ls  

Total  

INDIRECT COSTS: 

Overhead 
Taxes, Insurance, Administration 
Annualized Capi ta l  and Downtime 

Total  

TOTAL ANNUALIZED COSTS 

a7 
0 

42 
- 42 
171 

50 
45 
163 
2 5a 

429 

a ~ 2  start -ups/unit /year.  
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4 . 3 . 4  Best P a r t i c u l a t e  Control  
The e x i s t i n g  gas cond i t ion ing  chambers reduce basel ine uncont ro l led  PM 

loadings f rom 3 . 0  gr /dscf  a t  the combustor o u t l e t  t o  1 . 0  gr /dscf  a t  t h e  
o u t l e t  o f  t h e  chambers. Under basel ine combustion condi t ions,  t h e  e x i s t i n g  
ESP's reduce PM emissions from 1.0 gr /dscf  t o  0 . 0 3  gr /dsc f  a t  t h e  o u t l e t .  
This emission l e v e l  i s  below t h e  l e v e l  ( 0 . 0 5  gr /dscf )  de f ined by t h i s  study 
as good c o n t r o l ;  thus, no equipment mod i f i ca t ions  are requ i red  f o r  good PM 
c o n t r o l  f o r  t h e  model p lan t .  

r e s u l t  i n  improved ESP performance, and t h e  e x i s t i n g  ESP's w i l l  reduce PM t o  
0.01 gr/dscf .  Thus, there  are a lso no p a r t i c u l a t e  c o n t r o l  equipment 
mod i f i ca t ions  requ i red  f o r  best p a r t i c u l a t e  cont ro l  (0.01 gr /dsc f )  . for  t h i s  
model p lan t .  
4 . 3 . 5  Good Acid Gas Control  

c o n t r o l ,  d r y  sorbent w i l l  be i n j e c t e d  i n t o  each combustor through t h e  
o v e r f i r e  a i r  ducts. 
remain i n  place, bu t  an add i t iona l  30 gpm w i l l  be used t o  cool the f l u e  gas 
from 55OoF t o  35OoF under basel ine combustion condi t ions.  
combustion i n  place, 22 gpm w i l l  be used. New equipment f o r  t h e  s i t e  
inc ludes a sorbent storage s i l o  w i t h  baghouse, a pneumatic sorbent conveying 
system, s i x  sorbent feed b ins  (two f o r  each combustor), and two pneumatic 
i n j e c t i o n  nozzles f o r  each combustor. 

Hydrated l i m e  sorbent w i l l  be fed  a t  a ca lc ium-to-ac id gas molar r a t i o  
o f  2 : l .  A t  f u l l  load, t h i s  w i l l  r e q u i r e  a sorbent i n j e c t i o n  r a t e  o f  
340 l b / h r  per combustor. 
emissions t o  0.01 gr /dscf  (best PM c o n t r o l )  w i l l  be added. 
combustion, a 13,300 square f e e t  a d d i t i o n  o f  area w i l l  be requi red.  With 
basel ine combustion 36,200 f e e t  i s  needed. The a d d i t i o n a l  area w i l l  be 
added as an ESP i n  ser ies  behind t h e  e x i s t i n g  ESP on each u n i t .  
t i o n  w i l l  a lso  r e q u i r e  an add i t iona l  150 feet  of duct, and thus replacement 
o f  t h e  I D  fan, f o r  each u n i t .  
equipment f o r  HC1, SO2, and C02. 

Under good combustion condi t ions,  reduced f l u e  gas volume w i l l  a lso  

- 
4 . 3 . 5 . 1  Descr io t ion  o f  Mod i f i ca t ions .  For good a c i d  gas and CDD/COF 

The water quench system i n  the coo l ing  chamber w i l l  

With good 

In  add i t ion ,  ESP p l a t e  area necessary t o  reduce PM 

Under good 

I n s t a l l a -  

The p r o j e c t  a lso  inc ludes new moni tor ing 
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Figure 4.3-6 shows the planned equipment arrangement. Work on each 
combustor can proceed wh i le  the o ther  two combustors cont inue t o  operate. 
This p lan  would l i m i t  combustor downtime t o  approximately 1 month f o r  each 
u n i t .  

4.3.5.2 Environmental Performance. Tota l  COD/CDF emissions are 
expected t o  be reduced by 98 percent.  
est imated a t  50 percent f o r  HC1 and 50 percent f o r  SO2. 
emissions w i l l  be reduced from 0.03 t o  0.01 gr/dscf. 

recovered sorbent and f l y  ash t o  t h e  basel ine waste disposal requirements 
f o r  the p l a n t .  

4.3.5.3 Costs. Capi ta l  cost  requirements f o r  dry  sorbent i n j e c t i o n  
are presented i n  Table 4.3-5. Tota l  c a p i t a l  cost i s  est imated t o  be 
$9,410,000 f o r  basel ine combustion prac t ices  and $7,250,000 w i t h  good 
combustion. Downtime cost  i s  $437,000 i n  both cases. - 

present i n  Table 4.3-6. Major d i r e c t  costs are f o r  l ime and maintenance o f  
monitors. E l e c t r i c i t y  costs are a lso  s u b s t a n t i a l l y  h igher than basel ine as 
a r e s u l t  o f  t h e  add i t iona l  ESP p l a t e  area and l a r g e r  ID fans. 
annualized cost  ( i n c l u d i n g  c a p i t a l  recovery and downtime) i s  $2,890,000 per 
year with basel ine combustion and $2,450,000 w i t h  good combustion pract ices.  
4.3.6 Best Acid Gas Control 

4.3.6.1 Descr iDt ion o f  Modi f icat ions.  To achieve greater  reduct ion i n  
SO2, HC1, and CDD/CDF emissions, a new spray dryer / fabr ic  f i l t e r  system w i l l  
be i n s t a l l e d  on each combustor a f t e r  the cond i t ion ing  chamber. Lime s l u r r y  
w i l l  be introduced i n  each spray dryer  a t  a 2.5:l molar ca lc ium-to-ac id gas 
r a t i o .  Lime f o r  each combustor w i l l  be s l u r r i e d  i n  the 37 gpm needed t o  
cool the f l u e  gas from 550’ t o  3OO0F under basel ine. With good combustion 
i n  place, 27 gpm w i l l  be needed. A f a b r i c  f i l t e r  w i t h  56,200 net  square 
f e e t  o f  c l o t h  (net  a i r - t o - c l o t h  r a t i o  o f  4:l) w i l l  be i n s t a l l e d  f o l l o w i n g  
each spray d r y e r  i f  basel ine combustion i s  pract iced;  the requ i red  area i s  
41,800 square f e e t  i f  good combustion i s  i n  place. The increased pressure 
drop o f  f a b r i c  f i l t e r s  over ESP’s w i l l  requ i re  a new I D  fan f o r  each u n i t  as  
we l l .  New moni tor ing instruments f o r  HC1. SO2, C02 and opac i ty  w i l l  a lso be 
i n s t a l  1 ed. 

Acid gas emission reduct ions a r e  

P a r t i c u l a t e  

App l ica t ion  o f  sorbent i n j e c t i o n  technology w i l l  add 5,300 tons/year o f  

Annual operat ing and maintenance costs and annual i n d i r e c t  costs are 

The t o t a l  

4- 105 



New ESPs 
and ID Fans 

New Sorbent 

StomJe Pit 

Figure 4.3-6. Plot Plan o f  Sorbent Injection Equipment Arrangement 
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TABLE 4.3-5.  PLANT CAPITAL COST FOR DRY SORBENT INJECTION WITH ESP 
(Three units of 300 tpd each) 

cost (SI. 000) 
Baseline Combustion Good Combustion 

Item Practices Practices 

DIRECT COSTS: 

Acid Gas Controla 
Equipment Cost 
Access/Congestion Cost 

Particulate Control 
Equipment Cost 
Access/Congestion Cost 

New Flue Gas Ducting 
Ducting Cost 
Access/Congestion Cost 

Other Equipment 
Fans 
Stacks 
Demo1 i tion/Rel ocation 

674 
67 

3,210 
802 

295 
74 

959 
0 
0 

Total 6,080 
- 

674 
67 

2,150 
538 

255  
64 

722 
0 
0 

4,470 
- 

Indirect Costs and Contingencies 2,560 2,010 
b Monitoring Equipment 

TOTAL CAPITAL COST 

DOWNTIME COST 

ANNUALIZED CAPITAL RECOVERY 
AND DOWNTIME 

771 771 

9,410 7,250 

437 437 

1,300 1,010 

aBased on moderate access/congestion. 

bTurn key. 
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TABLE 4 .3 -6 .  PLANT ANNUAL COST FOR DRY SORBENT INJECTION WITH ESP 
(Three u n i t s  o f  300 tpd each) 

I tem 

cost ff1,000~ 
Baseline Combustion Good Combustion 

Pract ices Pract ices 

DIRECT COSTS: 

Operating Labor 
Supervision 
Maintenance Labor 
Maintenance Mater ia ls  
E l  e c t r i  c i  t y  
Water 
Lime 
Waste Disposal 
Monitors 

Tota l  

INDIRECT COSTS: 

Overhead 
Taxes, Insurance, and Administrat ion 
Capi ta l  Recovery and Downtime 

Tota l  

72 
32 
20 
96 
97 - .  

11 
326 
133 
3 
1.100 

152 
342 - .- 

1.300 
1,790 

72 
32 
20 
77 
50 
a 

326 
133 

309 
1,040 

141 
256 

1.010 
1,410 

TOTAL ANNUALIZED COST 2,890 2,450 
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The proposed equipment arrangement i s  shown i n  Figure 4.3-7. The new 
equipment w i l l  be loca ted  p r i m a r i l y  behind the e x i s t i n g  stacks. The 
250 f e e t  o f  new ductwork w i l l  t i e d  i n  j u s t  ahead of t h e  ESP's, a l low ing  them 
t o  be deact ivated and l e f t  i n  place. The e x i s t i n g  stacks w i l l  a lso be 
reused under t h i s  arrangement. 
area w i l l  serve a l l  th ree  spray dryers.  

continued combustor operat ion dur ing  const ruct ion.  
expected t o  be approximately 1 month. 

o f  99 percent o r  t o  5 ng/dscm (whichever i s  h igher) ,  i s  expected. 
o f  p a r t i c u l a t e  mat ter  w i l l  be reduced from 0.03 gr/dscf  t o  0.01 gr/dscf .  
Acid gases w i l l  be reduced 90 percent f o r  SO2 and 97 percent f o r  HC1. 

amounts. The t o t a l  increases i n  s o l i d  waste (both sorbent and f l y  ash) i s  - 
4,690 tons per  year  f o r  t h e  p lan t .  

4.3.6.3 Cost. Capi ta l  cost  requirements f o r  i n s t a l l i n g  spray 
d r y e r l f a b r i c  f i l t e r  systems are presented i n  Table 4.3-7. Tota l  c a p i t a l  
cost  i s  est imated t o  be S34,300,000 and 129,400,000 f o r  basel ine and good 
combustion, respec t ive ly .  Downtime cos t  i s  S437,OOO f o r  both cases. 

Annual operat ing and maintenance costs and annual i n d i r e c t  costs are 
presented i n  Table 4.3-8. Major operat ing expenses are f o r  maintenance 
mater ia ls  and increased e l e c t r i c i t y  use by t h e  l a r g e r  I D  fan  needed because 
o f  t h e  increased pressure drop across t h e  f a b r i c  f i l t e r s .  To ta l  annualized 
cost  o f  best  a c i d  gas c o n t r o l  ( i n c l u d i n g  c a p i t a l  recovery and downtime) i s  
$8,750,000 per  year  f o r  basel ine, and $7,550,000 w i t h  good combustion 
prac t ices .  
4.3.7 Summarv o f  Control Options 

descr ibed i n  t h e  previous sect ions have been combined i n t o  seven r e t r o f i t  
emission c o n t r o l  opt ions.  These opt ions are discussed i n  d e t a i l  i n  
Sect ion 3.0. Table 4.3-9 summarizes t h e  combustion, temperature, 
p a r t i c u l a t e ,  and a c i d  gas cont ro l  technologies described i n  Sections 4.3.3 

The new l i m e  receiv ing,  storage and s l u r r y  

Locat ion o f  new equipment behind t h e  e x i s t i n g  stack w i l l  a l low 
Downtime f o r  t i e - i n  i s  

4.3.6.2 Environmental Performances. Tota l  CDD/CDF emission reduct ions 
Emissions 

S o l i d  waste w i l l  be increased w i t h  t h i s  technology r e l a t i v e  t o  basel ine 

4.3.7.1 Descr ip t ion  o f  Control  Options. The c o n t r o l  technologies 
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Figure 4 . 3 - 7 .  Plot Plan o f  Spray Dryer/Fabric Fi l ter  Retrofit Equipment Arrangement 
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TABLE 4.3-7.  PLANT CAPITAL COST FOR SPRAY DRYER WITH FABRIC FILTER 
(Three units o f  300 tpd) 

cost ($1,000) 
Base1 ine Combustion Good Combustion 

Item Practices Practices 

DIRECT COSTS: 

Acid Gas and Particulate Control 
Equipment Cost 
Access/Congestion Cost 

New Flue Gas Ducting 
Ducting Cost 
Access/Congestion Cost 

Other Equipment 
Fans 
Stacks 
Demo1 i tion/Rel ocation 

Total 

Indirect Costs 

Monitoring Equipmenta 

Contingency 

TOTAL CAPITAL COST 

DOWNTIME COST 

ANNUALIZED CAPITAL RECOVERY 
AND DOWNTIME 

15,300 
3,840 

534 
134 

1,130 
0 - 
2 
20,900 

6,920 

859 

5,580 

34,300 

437. 

4,570 

3,290 
3,290 

461 
115 

849 
0 
0 
17,900 

5,910 

859 

4,761 

29,400. 

437 

3.930 

aTurnkey. 



TABLE 4.3-8. PLANT ANNUAL COST OF SPRAY DRYER WITH FABRIC FILTER 
(Three units of 300 tpd each) 

cost ($1.000) 
Baseline Combustion Good Combustion 

Item Practices Practices 

DIRECT COSTS: 

Operating Labor 
Supervision 
Maintenance Labor 
Maintenance Materials 
Electricity 
Compressed Air 
Water 
Lime 
Waste Disposal 
Monitors 

144 
22 

584 
714 
102 
27 
271 

79a 

175 
3 

Total 2,440 

INDIRECT COSTS: 

Overhead 399 
Taxes, Insurance, and Administration 1,340 
Capital Recovery and Downtime 4.570 

Total 6,310 

144 
22 
480 79b 
534 
76 
20 
270 
174 

-322 
2,120 

362 
1,140 
3.930 
5,430 

TOTAL ANNUALIZED COST 8,750 7,550 

aIncludes 5164,000 for bag replacement. 

bIncludes 5122,000 for bag replacement. 
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through 4 .3 .6  t h a t  were combined f o r  each o f  the cont ro l  opt ions.  I t should 
be noted t h a t  because good PM c o n t r o l  i s  a l ready achieved by t h e  model p l a n t  
a t  basel ine, Opt ion 1 and Option 2 a r e  i d e n t i c a l .  Since good combustion 
c o n t r o l  a lso  reduces PM emissions t o  0 . 0 1  gr/dscf ,  Option 3 i s  a lso  t h e  same 
as Options 1 and 2. 

opt ion  i s  summarized i n  Table 4.3-10 .  
both t h e  p o l l u t a n t  concentrat ions and annual emissions. The grea tes t  
reduct ions i n  ac id  gases and t o t a l  CDD/COF are achieved w i t h  t h e  spray 
d r y e r / f a b r i c  f i l t e r  systems. The next  most e f f e c t i v e  c o n t r o l  f o r  these 

4 .3 .7 .2  Environmental Performance. The performance o f  each c o n t r o l  
For each p o l l u t a n t  t h e  t a b l e  presents 

p o l l u t a n t s  i s  d r y  sorbent i n j e c t i o n .  Combustion cont ro l  provides s i m i l a r  
c o n t r o l  o f  CDO/COF t o  duct  sorbent i n j e c t i o n ,  but a lso reduces CO emissions 
and lowers f l u e  gas volumes, r e s u l t i n g  i n  reduced PM emissions as w e l l .  

i n  Table 4.3-11 .  
cos t ly ,  w i t h  the except ion o f  the opt ions where APCD’s are combined w i t h  
good combustion prac t ices .  
mod i f i ca t ions  i s  recovered by the reduced cost o f  PM c o n t r o l  equipment 

4 .3 .7 .3  Costs. The t o t a l  annualized cost  o f  each o p t i o n  i s  presented - 
The most e f f e c t i v e  c o n t r o l  opt ions are a lso  the most 

F o r  Options 5 and 7, the cos t  o f  combustion 

hus, Options 5 and 7 are l e s s  
n s t a l l e d  w i t h  basel ine combustion 

r e s u l t i n g  from reduced f l u e  gas volume. 
c o s t l y  o v e r a l l  than the same type APCD’s 
gas volumes (Options 4 and 6 ) .  

4.3 .7 .4  Enersv Imoacts. Table 4 .3 -  2 presents a summary o f  t h e  energy 
impacts associated w i t h  the co’ntrol opt ions.  The incremental energy use 
shown inc ludes t h e  e l e c t r i c a l  savings r e a l i z e d  by not operat ing t h e  e x i s t i n g .  
ESP under Options 6 and 7. 
12 s tar tups  and shutdowns per  year w i t h  a u x i l i a r y  burners p rov id ing  

The a u x i l i a r y  f u e l  use i s  ca lcu la ted  from 

. 60 percent o f  the thermal load. 
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TABLE 4.3-12. ENERGY IMPACTS FOR GRATE/ROTARY K I L N  MAS3 BURN 
REFRACTORY-WALL MWC CONTROL OPTIONS 

- 

Option 
E l e c t r i c a l  Use 

(MWh/yr) 

0 1.5E10 

0 1.5E10 

0 1.5E10 

2,100 0 

1,260 1.5E10 

15,500b 0 

11,600b 1.5E10 

‘Incremental use f r o m  base1 ine .  
bExcludes the e l e c t r i c a l  c r e d i t  f o r  not  operating the ESP’s.  
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5.0 MASS BURN WATERWALL COMBUSTORS 

One o f  t he  predominant technologies i n  the  e x i s t i n g  populat ion o f  MWC’s 
i s  t he  mass burn waterwal l  design. 
and opera t ion  o f  newer waterwal l  combustors and i d e n t i f i e s  features i n  the  
design and operat ion which minimize a i r  emissions. 

The e x i s t i n g  popu la t ion  o f  mass burn waterwal l  MWC’s cons is ts  o f  
24 operat ing p lan ts  (56 i n d i v i d u a l  u n i t s ) .  
waterwal l  p lan ts  operat ing o r  i n  s t a r t - u p  as o f  1988. 
are number o f  un i t s ,  u n i t  capaci ty,  year o f  s ta r t -up ,  and APCD i n  place a t  
each p l a n t .  
1000 tons/day o f  MSW. 
l a rge  mass burn w a t e m a l l s  w i t h  i n d i v i d u a l  capac i t ies  o f  more than 600 tpd, 
mid-s ize u n i t s  w i t h  i n d i v i d u a l  capac i t ies  between 250 and 600 tpd, and s m a l l  
u n i t s  w i t h  i n d i v i d u a l  capac i t i es  o f  l e s s  than 250 tpd. Nineteen p lan ts  i n  
t h i s  category use ESP‘s f o r  p a r t i c u l a t e  con t ro l .  One p l a n t  uses dry  l ime  
i n j e c t i o n  i n t o  the  furnace fo l lowed by an ESP and one p l a n t  uses dry  l ime  
i n j e c t i o n  i n t o  a duct  fo l lowed by a f a b r i c  f i l t e r .  
spray d rye r  fo l lowed by e i t h e r  a f a b r i c  f i l t e r  o r  an ESP. 
p l a n t s  are p u b l i c l y  owned and operate on a 24-hours/day, 7-days/week schedule. 

5.2-2, and 5.2-3. Unprocessed waste ( w i t h  large,  bulky, non-combustibles 
removed) i s  de l i ve red  by an overhead crane t o  a feed hopper f r o m  which i t  i s  
fed i n t o  the  combustion chamber. E a r l i e r  mass burn designs u t i l i z e d  g r a v i t y  
feeders, bu t  i t  i s  more t y p i c a l  today f o r  feeding t o  be accomplished by s ing le  
o r  dual hyd rau l i c  rams t h a t  operate on a set frequency. The ram frequency i s  
usua l l y  a manual se t t i ng ,  but  some newer f a c i l i t i e s  are incorpora t ing  ram 
feeder speed i n t o  the  automatic combustion con t ro l  system. 

g ra tes  t o  move the  waste through the  combustion chamber. 
inc lude two o r  th ree  separate sect ions where designated stages i n  the  
combustion process occur. 
t o  as the  d ry ing  grate,  where the  mois ture content of the  waste i s  removed 

This  sec t ion  descr ibes the  cu r ren t  design 

Table 5.0-1 l i s t s  the  mass burn 
Included i n  the  t a b l e  

Ind i v idua l  combustor design capac i t ies  range from 50 t o  
The t a b l e  i s  d i v ided  i n t o  th ree  sect ions,  represent ing 

F ive o ther  p lan ts  use a 
Most o f  these 

Typica l  mass burn waterwal l  systems are shown i n  Figures 5.1-1, 5.2-1, 

Near ly a l l  modern conventional mass burn f a c i l i t i e s  u t i l i z e  rec ip roca t ing  
The gra tes  t y p i c a l l y  

For example, t he  i n i t i a l  g ra te  sec t ion  i s  r e f e r r e d  
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prior to ignition. The second grate section is the burning grate, where the 
majority of active burning takes place. The third grate section is referred 
to as the burnout or finishing grate, where remaining combustibles are burned. 
Smaller units may include two rather than three individual grate sections. In 
a typical mass burn watemall system, bottom ash is discharged from the 
finishing grate into a water-filled ash quench pit. Dry ash systems have been 
used in some designs, but are not widespread. 

underfire air plenums. 
underfire air to the individual grate sections through multiple plenums. The 
ability to control heat release from the waste bed is enhanced by separately 
controllable underfire air supplies. 
with castable refractory such as silicon carbide, to prevent excessive heat 
removal in the lower furnace by watemall tubes. 

As the waste bed burns, additional air is required to oxidize fuel-rich 
gases and complete the combustion process. Overfire air is injected through 
rows of high-pressure nozzles (usually 2 to 3 inches in diameter). Properly 
designed and operated overfire air systems are essential for good mixing and 
burnout of organics in the flue gas. 
complete coverage and penetration of the furnace cross-section. Proper 
overfire air system design usually requires flow modeling studies, but may be 
accomplished by ensuring design consistency with systems far which good 
performance has been verified. 

Typically, mass burn waterwall MWC's are operated with 80 to 100 percent 
excess air. Normally 25 to 40 percent of total air is supplied as overfire 
air and 60 to 75 percent as underfire air. These are nominal ranges that may 
vary between specific designs. Continuous oxygen monitors are typically 
located at the exit of the boiler or economizer to verify the excess air 
operating levels. 

locations through the system. One reference point is the furnace exit gas 
temperature, where flue gases leave the radiant furnace and enter the 
superheater and convective passes of the boiler. Another typical location is 
at the boiler or economizer outlet. Typical superheater inlet temperatures 
are in the range of 1400 to 16OOOF. Economizer outlet temperatures vary from 

Combustion air is added to the waste from beneath the grate by way of 
The majority of mass burn waterwall systems supply 

The lower furnace is generally lined 

- 

Overfire air jets should provide 

Most heat recovery systems incorporate temperature monitoring at various 
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350 t o  6OO0F based on t h e  amount o f  heat removal through t h e  system. 
The most common combustion c o n t r o l  system used i n  mass burn waterwall  

technology u t i 1  i z e s  automatic feedback from steam f lows o r  pressures t o  
u n d e r f i r e  a i r .  The u n d e r f i r e  a i r  f l o w r a t e  automat ica l ly  var ies  t o  mainta in  
des i red steam l e v e l  se tpo in ts .  Some more recent designs incorporate oxygen 
t r i m  loops, ram feeder speed cont ro ls ,  g r a t e  speed contro ls ,  and temperature 
c o n t r o l  1 oops. 

f o r  mass burn waterwal l  combustors.’ 
v e r i f i c a t i o n  components associated w i t h  t h e  gu ide l ines  i s  presented i n  
Table 5.0-2.  

o 

Guide1 ines f o r  min imiz ing emissions o f  t r a c e  organics have been developed 
A l i s t  o f  design, operat ion/contro l ,  and 

The bas ic  gu ide l ines  r e q u i r e  t h a t :  
s t a b l e  s to ich iomet r ies  be maintained through proper d i s t r i b u t i o n  o f  
f u e l  and combustion a i r ,  

good mix ing be achieved a t  a s u f f i c i e n t l y  h igh  temperature t o  
adequately dest roy t r a c e  organic  species, and - 
t h e  design and operat ion o f  t h e  system be v e r i f i e d  through 
moni tor ing o r  performance t e s t s .  

o 

o 

The m a j o r i t y  o f  e x i s t i n g  mass burn waterwal l  MWC’s employ most o f  t h e  design 
features o f  good combustion. 
these p l a n t s  are l e s s  than f i v e  years o l d  and incorporate ref inements i n  
technology t h a t  have r e s u l t e d  i n  many design improvements. The f o l l o w i n g  
d iscuss ion focuses on elements o f  concern t o  mass burn waterwall  systems. 

Combustion A i r  
A major area o f  concern i n  o l d e r  mass burn waterwall  systems i s  the 

design o f  o v e r f i r e  a i r  systems. 
r e t r o f i t s  t o  improve t h e  design i n  these systems. 
performance o f  o v e r f i r e  a i r  systems can.be v e r i f i e d  by t h e  r e l a t i v e l y  low 
l e v e l s  o f  organic and CO emissions, which ind ica tes  good mixing and ox ida t ion  
o f  combustion gases w i t h  o v e r f i r e  a i r .  
A u x i l i a r y  F u e l  

meet t h e  temperature design requirement, and m u l t i p l e  u n d e r f i r e  a i r  plenums 
with separate c o n t r o l s  are i n  place a t  most operat ing f a c i l i t i e s .  Although 

new MWC’s are expected t o  have a u x i l i a r y  fuel f i r i n g  c a p a b i l i t i e s ,  many o f  the 
o l d e r  u n i t s  do not. One f a c i l i t y  b u i l t  i n  1984 (New Hanover County, NC) i s  

This i s  due i n  p a r t  t o  the f a c t  t h a t  most o f  

Several e x i s t i n g  f a c i l i t i e s  have undertaken 
Improvements i n  t h e  

A l l  e x i s t i n g  f a c i l i t i e s  i n  t h i s  subpopulat ion are expected t o  be able t o  
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TABLE 5.0-2 COMPONENTS OF GUIDELINES - 
GOOD COMBUSTION PRACTICES FOR MINIMIZING TRACE ORGANIC 

EMISSIONS FROM MASS BURN MWC’s 

~ 

Element Component 

Design 

Operati on/Control 

Temperature at fully mixed height 

Underfire air control 

Overf i re air capacity 

Overfire air injector design 

Furnace exit gas temperature 

Excess Air 

Turndown restrictions 

Start-up procedures 

Use of auxiliary fuel 

Verication Oxygen in flue gas 

CO in flue gas 

Furnace temperature 

Temperature at APCD inlet 

Adequate air distribution 
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not equipped with auxiliary fuel, although a planned expansion reportedly will 
include natural gas burners in a new unit. 
Ooerati on/Control 

The operation/control elements specified in Table 5.0-2 are also largely 
in place in most operating units. A few exceptions may be low load operating 
limits and conditions of auxiliary fuel use. 
reportedly operate at close to design load whenever possible, and more 
facilities are becoming electrical generators rather than simply following 
load demand of a steam customer. For other facilities, load levels can be 
dictated by waste availability as well as steam demand, but load reductions 
for mass burn waterwall systems are more likely due to the latter. Those 
systems without auxiliary fuel must start-up and shutdown on waste alone. 
However, mass burn waterwall' systems typically operate continuously with as 
few unscheduled shutdowns as possible. 

All mass burn waterwall systems are expected to be equipped with oxygen - 
monitors and thermocouples for temperature measurements. These are necessary 
requirements for ensuring proper boiler operation. However, CO monitors are 
less likely to be in place in most operating units, with the exception of 
facilities where State requirements include CO monitoring. 
existing units are not expected to have performed CO profiling studies to 
establish combustion air distribution patterns. Therefore, verification of 
proper air distributions in existing systems are largely based on continuous 
oxygen and temperature measurements and visual observation of waste burning 
conditions. 
Jemoerature Control 

may occur downstream at temperatures between 500 and 60OoF. This is a typical 
operating temperature for many ESP's in the waste combustion industry. Based . 
on available data it appears that formation does not occur at temperatures o f  
45OoF or less. 
time of flue gases in the range of 500 to 6OO0F by lowering ESP operating 
temperatures. 

The mass burn waterwall units 

In addition, most 

As discussed in Section 4.0, recent data suggest that CDD/CDF formation 

Therefore, existing systems must attempt to minimize retention 
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5.1 LARGE MASS BURN WATERWALL COMBUSTOR 
This  sec t ion  presents t h e  r e t r o f i t  case study r e s u l t s  f o r  a l a r g e  mass 

burn waterwal l  municipal  waste combustor (MWC). This subcategory comprises 
mass burn waterwal l  combustors w i t h  i n d i v i d u a l  combustor capac i t ies  o f  more 
than 600 tpd. As shown i n  Table 5.0-1, there  are 7 known p lan ts  i n  t h i s  
subcategory. Sect ion 5.1.1 presents a descr ip t ion  o f  the Saugus MWC p lan t ,  
which was v i s i t e d  i n  order t o  gather in format ion f o r  model development. 
Sect ion 5.1.2 presents a d e s c r i p t i o n  o f  the model p l a n t .  Sect ion 5.1.3 
through 5.1.7 d e t a i l  the r e t r o f i t  modif icat ions,  est imated performance, and 
costs associated w i t h  var ious c o n t r o l  options. 
summary o f  c o n t r o l  options, which are discussed i n  more d e t a i l  i n  
Sect ion 3.0 o f  t h i s  repor t .  
5.1.1 Descr ip t ion  o f  Sausus P l a n t  

The Saugus f a c i l i t y  cons is ts  o f  two mass burn waterwal l  combustors. 
Each i s  r a t e d  a t  750 tons per  day o f  municipal s o l i d  waste. Table 5.1-1 
presents design and operat ing data f o r  the p lan t .  
i n  October 1975, and c u r r e n t l y  serves 19 Boston North Shore communities. 
The p r o j e c t  was f inanced by i n d u s t r i a l  revenue bonds (75 percent)  and 
p r i v a t e  e q u i t y  (25  percent) .  
e l e c t r i c i t y  which i s  so ld t o  New England Power Company. Figure 5.1-1 
i l l u s t r a t e s  the general system conf igura t ion .  

l a r g e  Von R o l l  design b u i l t  i n  t h e  U.S., and i s  t y p i c a l  o f  the type o f  
system suppl ied by Yon Ro l l  i n  t h e  mid-1970’s. There i s  no r a m  feeder. 
Fuel feeding i s  by g r a v i t y  and i s  c o n t r o l l e d  by the speed o f  t h e  f i r s t  
grate.  
Current ly,  on ly  about 15 percent o f  the refuse burned i s  commercial. 
a u x i l i a r y  f u e l  i s  ava i lab le .  The u n i t s  operate cont inuously,  7-days/week. 

designated as t h e  feed grate,  burning grate,  and burnout g ra te .  There are 
1-meter v e r t i c a l  steps from the feed g r a t e  t o  the burning grate,  and from 
t h e  burn ing gra te  t o  t h e  burnout grate.  This i s  no t  t y p i c a l  o f  t h e  other  

Sect ion 5.1.8 presents a 

2 

The p l a n t  was s t a r t e d  up 

A l l  steam i s  used on s i t e  t o  generated 

5.1.1.1 Combustor Desian and ODeration. This p l a n t  was the f i r s t  

The f a c i l i t y  burns a combination o f  municipal and commercial waste. 
No 

There are t h r e e  r e c i p r o c a t i n g  grates i n  each combustor. They are 
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TABLE 5.1-1. SAUGUS, MASSACHUSETTS DESIGN DATA 

Combustor: 

Number of Combustors 
Combustor Unit Capacity 
Grate Manufacturer 
Boiler Manufacturer 

Emission Control s: 

Type 

Type 
Manufacturer 
Number o f  Fields 
Inlet Design Particulate Loading 
Operating Temperature 
Design Collection Efficiency 
Particulate Emission Limit 
Gas Flow 

Original Design 
Revised Design 
Operating 

Total Plate Area 
SCA at 180,OO acfm 
Residence Time 

- Mass Burn Waterwall 

- Electrostatic Precipitator 
- Wheel abrator-Frye 
- 2  
.- 0 . 2  to 2.O0gr/dscf 
- 428 to 550 F 
- 97.5 percent 
- 0.05 gr/dscf 
- 240,000 acfm 
- 200,000 acfm 
- 180,000 a$fm 

- 5.8 seconds 
- 41,745 ft 
- 232 
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plants of this design type, which have eliminated the use 'of large grate 
steps in their design. 
waste as it tumbles from one section to another, making combustion control 
more difficult. 

Bottom ash i s  'discharged to a wet quench system. The bottom ash is 
then trommeled, and ferrous materials are separated and recovered. The 
remaining bottom ash is then combined with fly ash and disposed of in an 
adjacent landfill. The landfill .is owned by DeMatteo Construction, which 
has a 50 percent interest in the facility. 

are located beneath the burning grate and three pairs beneath the burnout 
grate. 
Adjustments are made based on burning conditions and waste characteristics. 
The feed grate is equipped with two siftings hoppers but not an underfire 
air supply. 
70 percent. of total air. 

implemented in the late 1970's. There are two rows of 3-inch diameter 
nozzles on the combustor front wall and one row of 3-inch nozzles on the 
rear wall. There are nine nozzles in the front wall upper row, spaced 
28.5 inches apart. The lower row on the front wall contains ten nozzles 
spaced 28.5 inches apart. There are fifteen nozzles on the rear wall, 
spaced 18.75 inches apart. Side wall overfire air nozzles are also in 
place, but are not currently used. Overfire air nozzle pressures are 
measured in the supply headers. 
using the nozzle pressure and by visual observation of the furnace. 
owner/operator also stated that CO profiling and flow modeling are used to 
establish overfire air firing patterns, and that they consider both of these 
activities to be necessary at new facilities. 

theoretical air). 
and holding overfire air constant. 

188,500 lb/hr of 675 psi, 875OF steam. Current operating conditions are 
165,000 lb/hr, 650 psi, 85OoF. Soot is removed from the boiler tubes by 

The stepped grates may contribute to flashing of the 

There are six pairs of air plenums supplying underfire air--three pairs 
. 

The underfire air flows are adjusted manually to each plenum. 

- 
The air i s  not preheated. Underfire air is generally 55 t o  

The overfire air system was redesigned as part of a larger modification 

Jet penetration is verified by calculation 
The 

The furnace design excess air level i s  100 percent (200 percent 
Changes in excess air are made by varying underfire air 

Each combustor is equipped with a Dominion Bridge boiler rated at 
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mechanical rapping, which takes p lace f o r  f i v e  minutes once every hour. 
E l e c t r i c i t y  i s  generated i n  General E l e c t r i c  steam t u r b i n e  generator sets, 
with a t o t a l  capaci ty  o f  40 MW. 

I n  a d d i t i o n  t o  redesigning the o v e r f i r e  a i r  system, a d d i t i o n a l  
combustor and b o i l e r  modi f icat ions have been made a t  Saugus. 
been added i n  the f r o n t  and r e a r  wal ls ,  and t h e  upper combustion chamber has 
been reconf igured. I n  addi t ion,  t h e  superheater sec t ion  was moved f u r t h e r  
downstream and screen tubes were added p r i o r  t o  t h e  superheater. A f t e r  
experimenting w i t h  tube mater ia ls  the superheater tubes were replaced w i t h  
Inconel tubes. 

Although the newer Wheelabrator p l a n t s  t y p i c a l l y  use a f u l l y  automatic 
computerized combustion cont ro l  system, the Saugus p l a n t  uses a pneumatic 
t y p e  c o n t r o l  system. A i r  f lows and g r a t e  speeds are adjusted automat ica l ly  
based on steam pressure. 
monitored and serve as a guide t o  good operat ion.  These include: 
the economizer o u t l e t ;  temperature i n  t h e  upper furnace and a t  the 
economizer o u t l e t ;  and steam and water f l o w  rates,  temperatures, and 
pressures. 

Since no a u x i l i a r y  f u e l  i s  used, the system i s  s t a r t e d  up cold.  F i r s t ,  
the hopper doors are opened and the feed hopper i s  charged w i t h  re fuse up t o  
the normal operat ing l e v e l .  Next, the grates are s t a r t e d  and run 
i n t e r m i t t e n t l y  u n t i l  a re fuse bed has been establ ished. The induced-draf t  
fan and t h e  ESP's are a lso  s t a r t e d  a t  t h i s  t ime. The refuse i s  then l i t  
manually, and t h e  u n d e r f i r e  and o v e r f i r e  a i r  fans are s tar ted.  
f u e l - t o - a i r  r a t i o  i s  c o n t r o l l e d  u n t i l  s tab le  cond i t ions  are reached, usua l ly  
i n  two t o  th ree  hours. 

equipped w i t h  2 - f i e l d  ESP. 
c o n t r o l  e f f i c i e n c i e s .  
operat ing parameters. 
and operat ing temperatures were repor ted t o  vary from 428 t o  55OoF depending 
on b o i l e r  cond i t ions  and c leanl iness.  There i s  a 3 1 ' 4 "  h o r i z o n t a l  duct  run 
from t h e  economizer o u t l e t  t o  t h e  ESP i n l e t .  

Arches have 

I n  add i t ion ,  a number o f  operat ing var iab les  are 
O2 a t  

The 

5.1.1.2 Emission Control  Desian and Ooeration. Each combustor i s  
The ESP's have 97.5 percent design p a r t i c u l a t e  

Table 5.1-1 summarizes p e r t i n e n t  ESP design and 
Each ESP operates w i t h  a gas f low o f  180,000 acfm, 

The State i s  r e q u i r i n g  
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r e t r o f i t  o f  ac id  gas c o n t r o l s  by June 1, 1989. 
demolishing t h e  e x i s t i n g  ESP's and i n s t a l l i n g  spray dryers fo l lowed by 
f a b r i c  f i l t e r s  t o  achieve t h e  State emission leve ls .  
5.1 .2  Descr io t ion  o f  Model P lant  

i n  the e x i s t i n g  populat ion f o r  l a r g e  mass burn waterwall  combustors. 
the except ion o f  Saugus, which began opera t ing  i n  1975, t h e  p l a n t s  have a l l  

been b u i l t  s ince 1982. 
County, F l o r i d a  where th ree  1000-tpd u n i t s  are i n  place. 
d i s t r i b u t i o n  o f  u n i t  s izes and numbers a t  t h e  operat ing p lants ,  t h e  model 
f o r  t h i s  subcategory i s  assumed t o  inc lude three u n i t s  w i t h  i n d i v i d u a l  
capac i t ies  o f  750 tpd  ( t o t a l  p l a n t  capac i ty  2,250 tpd).  

The physical  
c o n f i g u r a t i o n  o f  t h e  model p l a n t  i s  s i m i l a r  t o  t h e  cur ren t  design o f  the 
Saugus p l a n t  except t h a t  the model inc ludes a r a m  feeder and several o ther  
design fea tures  which are more t y p i c a l  o f  t h e  e x i s t i n g  populat ion.  Each 
u n i t  has t h r e e  r e c i p r o c a t i n g  g r a t e  sec t ion  equipped w i t h  m u l t i p l e ,  
i n d i v i d u a l  c o n t r o l l e d  u n d e r f i r e  a i r  plenums. 
use when f i r i n g  wet refuse. 
combustion a i r .  It i s  assumed t h a t  o v e r f i r e  a i r  f i r i n g  pat terns are 
establ ished dur ing  i n i t i a l  s t a r t - u p  by in- furnace CO p r o f i l i n g .  Each 
combustor operates a t  100 percent excess a i r .  
a v a i l a b l e  t o  prov ide 60 percent o f  the thermal load. 
arrangement i s  the same as shown i n  F igure 5.1-1  w i t h  the except ion o f  the 
stepped grates,  s ince t h e  m a j o r i t y  o f  t h e  p l a n t s  i n  t h i s  subcategory do not 
use stepped grates.  
F igure 5 .1 -2 .  

675 ps i ,  875'F steam. 
(179,000 l b / h r ) .  
rapping. 
reduc t ion  70 percent. 

dheelabrator a n t i c i p a t e s  

5 .1 .2 .1  Combustor Desiqn and Ooeration. There are 7 operat ing p l a n t s  
With 

Typica l  u n i t  s i z e  i s  750 tpd, except a t  P i n e l l a s  
Based on t h e  

Table 5.1-2 presents basel ine data f o r  the model p l a n t .  

- 

A i r  preheat i s  a v a i l a b l e  f o r  
Over f i re  a i r  comprises 30 percent o f  t o t a l  

A u x i l i a r y  f u e l  burners are 
The combustor 

A p l o t  p l a n t  o f  t h e  model p l a n t  i s  shown i n  

Each combustor i s  equipped w i t h  a b o i l e r  ra ted  a t  188,500 l b / h r  o f  
Normal operat ion i s  95 percent o f  r a t e d  capaci ty  

Soot removal cyc les a r e  hour ly ,  achieved by mechanical 
Waste volume reduc t ion  i s  est imated t o  be 90 percent and weight 
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TABLE 5.1-2. MODEL PLANT BASELINE DATA FOR LARGE 
NASS BURN WATERWALL COMBUSTOR 

Combustor: 

Type 
Number of Combustors 
Combustor Unit Capacity 

Emission Controls 

Type 
Number of Fields 
Inlet Temperature 
Collection Efficiency 
Gas Flow 
Total Plate Area 
SCA at 187,500 cfm 

Emissions: a 

COO/COF 
PM (stack) 
co 
HC1 
s02 

Stack Parameters: 

Height 
Di ame t er 

Operating Data: 

Remaining Plant Life 
Annual Operating Hours 
Annual Operating Cost 

- Mass Burn Waterwall 
- 3  - 750 

- - Electrostatic Precipitator 
- 3  
- 45OoF - 99 percent 
- 187,500 affm 
- 73,800 ft 
- 394 

- 500 ng/dscm 
- 0.02 gr/dscf - 50 ppmv - 500 ppmv 
- 200 ppmv 

- 230 feet - 9.5 feet 

- - > 20 years 
- 8,000 hours - S16,500,OO/year 

aAll emissions are dry, corrected to 7 percent 02. 

bInlet PM emissions to the ESP are 2.0 gr/dscf at 7 percent 02. 
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Figure 5 . 1 - 2 .  P l o t  plan of the model p lant .  
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Combustion controls are largely automatic. The ram feeder frequency is 
modulated along with the underfire air to the middle region of the grate to 
maintain desired steam production levels. 
manually. An oxygen monitor is located at the economizer exit. 
Temperatures are measured in the upper combustion chamber just prior to the 
convective section of the boiler, and at the economizer outlet. Based on an 
examination of the plants in this category, an economizer outlet temperature 
of 45OoF is selected for the model plant. 

90,300 scfm. 
underfire air and 30 percent (27,100 scfm) is overfire air. Assuming that 
all of the combustibles become flue gas products, and that there is no air 
inleakage to the combustor, the flue gas flow rate exiting the boiler is 
approximately 100,800 scfm (93,100 dscfm). 

5.1.2.2 Emission Control System Desian and ODeration. As shown in 
Table 5.0-1, all 7 plants in the subcategory are equipped with ESP’s. 
Although the Saugus plant has a 2-field ESP that achieves 97.5 percent PM 
removal and has emissions of less than 0.03 gr/dscf, the other five plants 
in this subcategory are equipped with ESP’s that have at least three fields 
and achieve at least 99 percent PM removal. Available test data from three 
of these plants show PM emissions of less than 0.01 gr/dscf. 
3-field ESP that achieves 99 percent PM removal is most representative 
of the existing population. 

environmental baseline emission rates for the model plant. CDD/CDF 
stack emission data are available for 5 of the 7 facilities in the 
population. In addition, simultaneous uncontrolled and controlled CDD/COF 
emissions were measured at four of these facilities. Based on these 
available data sets, average uncontrolled emissions of 500 ng/dscm CDD/CDF 
(tetra- through octa-) corrected to 7 percent O2 are selected as a baseline 
emissions rate for the model. 

Available data for the 6 of the 7 plants also supports an average CO 
emission value of 50 ppm and an average uncontrolled PM emission value of 
2.0 gr/dscf, both corrected to 7 percent 02. 

Grate speeds are adjusted 

At 100 percent excess air, total combustion air requirements are 
Seventy percent of this figure (63,200 scfm) is supplied as 

Therefore, a 

5.1.2.3 ‘Environmental Baseline. Table 5.1-2 also presents the 
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Air emissions of HCl and SO2 are largely dependent on waste feed 
content and do not vary appreciably due to combustion conditions. Changes 
in the chlorine and sulfur contents of the waste feed will directly affect 
HC1 and SO2 emissions. 
study, uncontrolled HC1 and SO2 emissions are estimated at 500 ppmv and 
200 ppmv, respectively, both corrected at 7 percent 02. 

70 percent, and a nominal 750 tons of MSW per day, the total ash (dry) is 
estimated to be 225 tons/day. 
are mixed and co-disposed, as is the practice at Saugus. 
5.1.3 Good Combustion 

design and operational features. 
state-of-the-art. 
install continuous CO monitors at the same location as the existing O2 
monitors to verify CO emission levels. 

costs for installation of CO monitors. 
model plants are estimated at $86,000, including readouts and integrators. 
The annualized capital cost is $11,000, based on a 10 percent interest rate 
and 15-year facility life. 
$169,000 per year. 
5.1.4 Good Particulate Control 

The existing ESP’s are assumed to reduce PM loadings from 2.0 gr/dscf 
at the ESP inlet to 0.02 gr/dscf at the outlet, operating at 45OoF. 
the existing ESP‘s can reduce PM emissions below that required for good PM 
control (0.05 gr/dscf), no equipment modifications are required for this 
model plant to achieve good particulate control. 
5.1.5 Best Particulate Control 

sufficient plate area to achieve best particulate control (0.01 gr/dscf PM 
emissions), but will require rebuilding to replace worn or damaged internal 
components (plates, frame, and electrodes), upgrading of controls and 

Based on the assumed waste composition used for t h i s  

Assuming a waste volume reductions of 90 percent, weight reductions of 

It is assumed that the bottom ash and fly ash 

The model plant has good combustion practices in place when considering 

The only additional requirement for the model plant is to 
Combustion controls are also judged to be 

- 
5.1.3.1 !&&. Table 5.1-3 presents capital and annual operating 

Capital costs of CO monitors for the 

Total annualized costs are estimated to be 

Because 

5.1.5.1 Descriotion of Modification. The existing ESP’s have 
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TABLE 5.1-3.  PLANT CAPITAL AN0 ANNUAL OPERATING COSTS FOR 
COMBUSTION MODIFICATIONS 

(Three u n i t s  o f  750 tpd each) 

I tem costs ($1000) 

CAPITAL COSTS: 

D i r e c t  Costs: 

CO monitors 

I n d i r e c t  Cost and Contingency 

Total  

TOTAL CAPITAL COST 

Downtime Cost 

Annualized Cap i ta l  Recovery 

ANNUAL OPERATING COSTS: 

D i r e c t  Costs :  

Maintenance Labor 
Maintenance M a t e r i a l s  

Total  

I n d i r e c t  Costs: 

Overhead 
Taxes, Insurance, and Administration 
Cap i ta l  .Recovery 

Total  

TOTAL ANNUALIZED COST 

- 66 
66 

20 

86 

0 

11 

42 
- 42 

84 

50 
3 
A 

64 

148 
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electronics for more effective energization, and flow modeling to evaluate 
gas distribution. No additional plate area or changes in plate-electrode 
geometry are required. Downtime for this rebuild will be approximately 
2 months for each unit. 

5.1 .5 .2  Environmental Performance. Particulate matter emissions wi 1 1  
be reduced from 0.02 to 0.01 gr/dscf. The additional recovered fly ash will 
add roughly 73 tons/yr to total solid waste disposal requirements. This is 
a 0.5  percent increase in fly ash to disposal. 
acid gases are equal to the concentrations at the combustor exit. 

Emissions for CDD/CDF and 

5.1 .5 .3  Costs. Total capital cost requirements for best particulate 
control, presented in Table 5.1-4,  are estimated at $1,990,000. This 
includes purchased equipment, installation, and indirect costs such as 
engineering and contingencies. Estimates assume a moderate APCD congestion - 
factor for the ESP, and high APCD congestion factor for the ducting used for 
temperature control. 

Annual costs are presented in Table 5.1-5 for best particulate control. 
The costs are dominated by annualized capital recovery and downtime. 
Indirect costs including capital recovery and downtime are estimated 
$959,000. Total 
annualized costs are estimated at $961,000 per year. 

5 .1 .6  Good Acid Gas Control 

Direct O&M costs are estimated at $2,000. per year. 

5.1.6.1 Descriotion of Modification. To achieve good acid gas 
control, dry sorbent will be injected into the combustor through existing 
overfire air ports. Duct sorbent injection was not considered because of 
limited space between the economizer and the ESP. 
gas temperature to 35OoF, water will be sprayed into the ductwork between 
the economizer and the ESP for each combustor. 
ductwork between the economizer and the ESP is required for installing 
32 feet of new ducting fabricated with water spray nozzies. 
ducting has the same cross-sectional area of the existing ducting, because 

To reduce the inlet flue 

Demolition of the existing 

The fabricated 
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Figure 5.1-3. Plot Plan of Particulate Control Equipment 
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TABLE 5.1-4. PLANT CAPITAL COST FOR PARTICULATE MATTER CONTROL 
. (Three u n i t s  o f  750 t p d  each) 

I tem costs  ( S l O O O )  

DIRECT COSTS: 

PM Contro la  
Equipment (Rebuild ESP) 
Access/Congesti on Cost 

Ducting Costs 
Access/Congestion Cost 

Other Equipment 
Fan 
Stack 

New Flue Gas Ductinga 

Demo1 i t ion /Re loca t ion  
Tota l  

I n d i r e c t  Costs and Contingencies 

Moni tor ing Equipment 

TOTAL CAPITAL COST 

DOWKTIHE COSTS 

b 

ANNUALIZED CAPITAL RECOVERY AND 
DOWKTIHE 

NA 
NA 

- 
NA 
NA 
NA 

1,660 

336 

0 

1,990 

5,300 

959 

aBased on moderate access/congestion. 

bTurn key. 

‘NA - no t  appl icable.  
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TABLE 5 . 1 - 5  PLANT ANNUAL COST FOR PARTICULATE MATTER AND TEMPERATURE 
CONTROLS (Three un i ts  o f  750 tpd each) 

I tem costs (SlOOO) 

DIRECT COSTS: 

Operating Labor 
Supervision 
Maintenance Labor 
Maintenance Mater ia ls  
E l e c t r i c i t y  
Water 
Waste Disposal 
Monitors 

Total  

INDIRECT COSTS: 

Overhead 
Taxes, Insurance, and 

Cap i ta l  Recovery and 
Administrat ion 

Downtime 

Total  

TOTAL ANNUALIZED COST 

0 
2 
- 

0 

0 

- 959 

959 

961 
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enough residence t ime i s  already a v a i l a b l e  f o r  f l u e  gas coo l ing  
(2.9 seconds) i n  t h e  e x i s t i n g  ductwork. 
combustor i s  requ i red  t o  cool the f l u e  gas t o  35OoF. 

pneumatic sorbent system, s i x  sorbent feed b i n s  (two f o r  each combustor), 
and s i x  pneumatic i n j e c t i o n  nozzles (two f o r  each combustor). 
sorbent w i l l  be fed  a t  a ca lc ium-to-ac id gas molar r a t i o  o f  2:l. A t  
f u l l - l o a d ,  a sorbent i n j e c t i o n  r a t e  o f  878 l b / h r  i s  requ i red  f o r  each 
combustor. 

I n  add i t ion ,  t h e  e x i s t i n g  ESP w i l l  r e q u i r e  a new ESP f i e l d  t o  reduce PM 

emissions t o  0.01 gr /dscf .  
2 ESPs. The a d d i t i o n a l  p l a t e  a r e a  f o r  each ESP i s  24,600 f t  . New 1.0. fans 

are a lso  requ i red  t o  handle t h e  a d d i t i o n a l  pressure drop o f  the new f i e l d  
and ductworlc. The p r o j e c t  a lso  inc ludes moni tor ing equipment f o r  HC1, SO2,  
02, and opac i ty .  Monitors f o r  HC1, SO2, 02, and opac i ty  w i l l  be located a t  
t h e  o u t l e t  o f  each ESP. F igure 5.1-4 shows the r e t r o f i t  changes. Downtime 

A water r a t e  o f  39 gpm per 

New equipment f o r  sorbent i n j e c t i o n  includes two storage s i l o s ,  a 

Hydrated l i m e  

This f i e l d  i s  attached t o  each o f  the e x i s t i n g  

i s  expected t o  be 2 months. 
5.1.6.2 Environmental Performance. Total  CDD/CDF emissions are 

expected t o  be reduced by 75  percent. 
est imated a t  50 percent f o r  H C l  and 50 percent f o r  SO2, respec t ive ly .  
noted above, PM emissions would be reduced t o  0.01 gr/dscf .  An add i t iona l  
13,600 tons/year o f  waste (sorbent and f l y  ash) w i l l  be added t o  the 
basel ine waste disposal  requirements f o r  the p lan t .  
. 5.1 .6 .3  Q&. Capi ta l  cost  requirements f o r  d r y  sorbent i n j e c t i o n  

are presented i n  Table 5.1-6 .  
temperature and p a r t i c u l a t e  c o n t r o l  equipment. Total  c a p i t a l  cost  i s  
est imated a t  $7,740,000. This cost  est imate assumes a moderate APCD 
access/congestion l e v e l  and f o r  sorbent i n j e c t i o n  and ESP upgrade, a h igh 
APCO access/congestion f o r  t h e  duc t ing  used f o r  temperature cont ro l ,  
ductwork demol i t ion  o f  60 f e e t  per combustor, and new ID fans. 

Acid gas emission reduct ions are 
As 

Most o f  t h e  cost  i s  associated w i t h  
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1 
Figure 5.1-4. Plot Plan of Sorbent Injection Equipment Arrangement 
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TABLE 5.1-6. PLANT CAPITAL COST FOR DRY SURBENT INJECTION 
WITH ADDITION OF ESP PLATE AREA 
(Three units o f  750 tpd each) 

Item Costs ($1000) 

DIRECT COSTS: 

Equipment 
Access/Congestion Cost 

Particulate and Temperature 
Equipment 
Access/Congestion Cost 

Ducting Cost 
Access/Congestion Cost 

Other Equipment 
Fan 

Acid Gas Controla 

New Flue Gas Ductinga 

Stacks 
Oemol it i on/Rel ocat i on 

Total 

Indirect Cost & Contingencies 

Monitoring Equipment' 

TOTAL CAPITAL COST 

DOWHTIME COSTS 

ANNUALIZED CAPITAL RECOVERY AND 
DOWNTIME 

896 
90 

3,530 
687 

304 
88 

93 1 
0 
50 - 

6,570 

2,760 

859 

10,200 

5,300 

2,040 

aBased on moderate access/congestion. 

bBased on high access/congestion for ducting o f  temperature control 

'Turn key. 
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Annual OW and indirect costs are presented in Table 5.1-7. Major 
direct operating costs are associated with lime, solid waste disposal, and 
monitor maintenance.. The largest annualized cost is capital recovery and 
downtime. The total annualized cost for the control option is $3,650,000 
per year. 
5.1.7 Best Acid Gas Control 

of CDD/CDF, SO2, and HC1, a new spray dryer/fabric filter system will be 
installed on each combustor. The existing ESP will be demolished to make 
room for the spray dryer vessels. Lime slurry will be introduced in each 
spray dryer at a 2.5:l calcium-to-acid gas molar ratio. 
slurry of 30 gpm will be required to cool the flue gas to 3OO0F for each 
combustor. 

This sketch also shows the location of the lime receiving, storage, and 
slurry area which will serve the spray dryers. A fabric filter with 
41,000 effective square feet of cloth (net air-to-cloth ratio of 4:l) will 
be installed following each spray dryer. The increased pressure drop of a 
fabric filter over an ESP will require a new ID fan for each unit as wel.1. 
An estimated 80 feet of new duct will be needed to connect the spray 
dryer/fabric filter to the existing stack. New monitoring instruments for 
HC1, SO2, and O2 will be installed at both the inlet to the spray dryer and 
the outlet of the fabric filter. An opacity monitor will be installed at 
the outlet of the fabric filter. Downtime is expected to be 2 months for 
ductwork tie-in and ESP demolition. 

of 99 percent to 5 ng/dscm will result. Emissions of PM will be reduced 
from 0.02 gr/dscf to 0.01 gr/dscf. 
for SO2 and 97 percent for HC1. 

dryer/fabric filter systems are presented in Table 5.1-8. Total capital 
cost is estimated at $34,000,000. 
installation, ESP demolition, and indirect costs such as engineering and 
contingencies. 
new ductwork, and new ID fans. 

5.1.7.1 OescriDtion of Modifications. To achieve greater reductions 

Water in the lime 

The proposed equipment layout is illustrated in Figure 5.1-5. 

5.1.7.2 Environmental Performance. Total CDD/CDF emission reductions 

Acid gases will be reduced 90 percent 

5.1.7.3 &&. Capital cost requirements for installing spray 

This figure includes purchase equipment, 

Estimates assume moderate access and congestion, 80 feet of 
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TABLE 5.1-7. PLANT ANNUAL COST FOR DRY SORBENT INJECTION WITH 
ADDITION OF ESP PLATE AREA 

(Three u n i t s  o f  750 tpd each) 

I tem costs (SlOOO) 

DIRECT COSTS: 

Operating Labor 
Supervision 
Maintenance Labor 
Maintenance Mater ia ls  
E l e c t r i c i t y  
Water 
Lime 

.Waste Disposal 
Monitors 

Total  

INDIRECT COSTS: 

Overhead 
Taxes, Insurance, and 

Capi ta l  Recovery and 
Administrat ion 

Downtime 
Total  

TOTAL ANNUALIZED COST 

90 
35 
40 

122 
81 
14 

a43 
342 
2 
1,890 

167 ' 

374 

2.040 
2,580 

4,470 
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R 0 

Existing Incinerator Building I 

Figure 5.1-5. Plot plan of spray dryer/fabric filter retrofit 
equipment arrangment. 
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TABLE 5.1-8 PLANT CAPITAL COST FOR SPRAY DRYER WITH FABRIC FILTER 
{Three units o f  750 tpd each) 

Item costs ($1000) 

DIRECT COSTS: 

Acid Gas Controla 
Equipment 
Access/Congestion Cost 

Ducting Cost 
Access/Congestion Cost 

Other Equipment 

New Flue Gas Ductinga 

Fans 
Stacks 
Demo1 i tion/rel ocation 

Total 

14,400 
3,610 

161 
40 

1,000 
0 

2.390 
21,600 

Indirect Cost and Contingencies 11,500 

b 'Monitoring Equipment 

TOTAL CAPITAL COST 

859 

34,000 

DOWNTIME COST 5,300 

ANNUALIZED CAPITAL RECOVERY AND DOWNTIME 5,160 

aBased on moderate access/congestion. 

bTurn key. 
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Annual operating costs are presented in Table 5.1-9. Significant 
direct operating expenses include maintenance materials, electricity for the 
larger ID fan needed due to increased pressure drop access in the fabric 
filter, and monitoring equipment maintenance. Total annualized costs, 
including capital recovery and downtime, would be $9,410,000. 
5.1.8 Summarv of Control Ootions 

5.1.8.1 DescriDtion of Control Costs. The control technologies 
described in the previous sections have been combined into seven retrofit 
emission control options. Table 5.1-10 summarizes the combustion, 
particulate control, and acid gas control technologies described in 
Sections 5.1.3 through 5.1.7 that were combined for each of the control 
options described in Section 3.0. 
would be the same for this p1ant;because good combirstion practices are 
in place and baseline PM emissions are below good PM control level of 
0.05 gr/dscf. - 
option is summarized in Table 5.1-11. 
presents both the pollutant concentrations and annual emissions. The 
greatest reductions on acid gases, particulate matter, and CDD/CDF all are 
achieved with a spray dryer/fabric filter system. Then next most effective 
control for all these pollutants is the dry sorbent injection technology. 
Dry sorbent injection technology increases the base1 ine. Sol id waste 
disposal by about 6 percent, and the spray dryer/fabric filter system 
increases the baseline solid waste disposal by about 5 percent. 

in Table 5.1-12. 
dryer/fabric filter installation with combustion modification (Option 7). 
The total capital cost for this option is $34,100,000 and the total 
annualized cost is $9,550,000. This annualized cost is roughly 65 times 
higher than the annualized costs for Option 1. Overall, both capital and 
annualized costs are higher for higher levels of control. 

energy impacts associated with the control options. 
are incremental use. The spray dryer with fabric filter control options 

Of the seven options, Options 1 and 2 

5.1.8.2 Environmental Performance. The performance of each control 
For each pollutant, the table 

5.1.8.3 Costs. The total annualized cost of each option is presented 
The most expensive control option is the spray 

5.1.8.4 Enerqv Impacts. Table 5.1-13 presents a summary of the 
The energy use figures 
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TABLE 5.1-9. PLANT ANNUAL COST FOR SPRAY DRYER WITH FABRIC FILTER 
(Three u n i t s  o f  750 each) 

I tem costs (SlOOO) 

DIRECT COSTS: 

Operating Labor 
Supervision 
Maintenance Labor 
Maintenance Mater i  a1 s 
Compressed Air 
E l e c t r i c i t y  
Water 
Lime 
Waste Disposal 
Monitors 

Total  

INDIRECT COSTS: 

Overhead 
Taxes, Insurance, and 

Cap i ta l  Recovery and Downtime 
Admi n i  s t r a t i  on 

144 
22 
545 79a 
91 
626 
22 
696 
443 

322 
2,990 

370 

1,230 
5.160 

Total  6;770 

TOTAL ANNUALIZED COST 9,760 

'Includes bag replacement costs o f  $160,000. 
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TABLE 5.1-13 ENERGY IMPACTS FOR LARGE MASS BURN WATERWALL 
COMBUSTOR CONTROL OPTIONS 

Option 

1. 0 0 

2. 0 0 

3. 195 0 

4. 

5. 

6. 

7 .  

1,500 

1,500 

13,600b 

13,600b 

aIncrease from base1 i n e  consumption. 

bTotal e l e c t r i c a l  use excludes the e l e c t r i c a l  savings o f  not operat ing the  
e x i s t i n g  ESP's .  
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consume the most electricity, about 10,500 MW/yr. Auxiliary fuel is fired 
for these options and baseline requiring combustion modifications all at the 
same rate o f  36 bilTion Btu per year. Therefore, no increase in auxiliary 
fuel consumption from baseline is expected for the seven options. 
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5.2 MID-SIZE MASS BURN WATERWALL COMBUSTOR 
This section presents the case study for a model mid-size mass burn 

waterwall municipal. waste combustor (MWC). 
burn waterwall combustors with individual combustor capacities between 
275 and 600 tpd. As shown in Table 5.0-1, there are eight known plants in 
this subcategory. 
last two years. 
A facility expansion also occurred at the Nashville plant in 1986. 
the eight existing facilities are equipped with electrostatic precipitators 
(ESP’s); two plants were built with spray dryer/fabric filter systems. 

Section 5.2.1 presents a description of the Nashville Thermal Plant, 
which was visited in order to gather information for model development. 
Section 5.2.2 presents a description of the model plant. Sections 5.2.3 
through 5.2.6 detail the retrofit modifications, estimated performance, and 
costs associated with various control options. Section 5.2.7 summarizes the 
control options, which are discussed in more detail in Section 3.0 of this 
report. 
5.2.1 Descriotion of Nashville Thermal Plant 

plant consisted of one gas/oil standby boiler (#1) and two waste-fired 
combustors (#2 and #3). Each of the original waste-fired units has a rated 
capacity of 360 tpd of MSW. 
up in 1986. The #4 combustor has a rated capacity o f  400 tpd. 
the waste-fired boilers are equipped with Detroit Stoker grates and Babcock 
and Wilcox (B&W) boilers, and each is equipped with a 4-field ESP. The three 
units operate continuously, 7-days/week. 

Table 5.2-1 presents design and operating data for the plant. The plant 
is unique in that it was the first waste-fired plant in the U.S. to provide 
district heating and cooling. Steam and chilled water are supplied to more 
than thirty buildings in downtown Nashville, some of which rely solely on the 
waste-fired plant for heating and cooling. 
chillers were originally in place with the #2 and #3 units. 
expansion, two additional chillers brought total chilled water capacity to 
27,000 ton/hr. 
turbine-generator. Electricity is sold to the Tennessee Valley Authority. 

This subcategory comprises mass 

Five of these eight plants have started operating in the 
The remaining four plants were built between 1970 and 1974. 

Six of 

3 

The Nashville Thermal Plant began operating in 1974. At that time, the 

An additional waste-fired combustor (#4) started 
All three of 

Two steam-driven centrifugal 
With the plant 

The expansion also included installation of a 7.3 MW 
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TABLE 5.2-1. NASHVILLE THERMAL DESIGN AND OPERATING DATA 

Combustor: 
Type 
Number o f  Combustors 
Ind i v idua l  Combustor Capacity 

Steam Production: 
Design Steam Capacity 

Maximum Steam Capacity 

Steam Condit ions 

Emissions Contro l :  
Type 
Manufacturer 
Number o f  ESP's 
Number o f  F i e l d s  
Design PM Operating Temperatures 
Actual  PM Operating Temperature 
I n l e t  P a r t i c u l a t e  Loading ( t y p i c a l )  
Design Col 1 e c t i o n  E f f i c i e n c y  
Measured Co l l  e c t i o n  E f f i c i e n c y  
P a r t i c u l a t e  Emission L i m i t  
Design Gas Flow 

Tota l  P la te  Area 
SCA a t  115,000 acfm, 45OoF 
Design S u p e r f i c i a l  Gas Ve loc i t y  
Residence- Time 
Dimensions ( l eng th  x w id th  x he igh t )  
Tested Emissions (Un i t  #4) 

P a r t i c u l a t e  Mat ter  
s02 
3 

- Mass Burn Waterwall 
- 3  
- 360 t p d  (#2  and #3) 
- 400 t p d  (#4) 

- 80,000 l b / h r  (#2  and #3) 
- 90,000 l b / h r  (#4) 
- 100,000 l b / h r  ( # 2  and #3) 
- 120,000 l b / h r  (84) - 400 p s i g  a t  600 F 

- E l e c t r o s t a t i c  P r e c i p i t a t P r  - American A i r  F i l t e r  
- 3 (one per  combustor) 
- 4 each 
- 450 t o  650!?F 
- 400 t o  500'F 
- 1.5 gr /dscf  
- 99% 
- 98.8% 
- 0;025 gr /dsc f  
- 140,000 acfm a t  650'6 

- 44,240 square f e e t  
- 385 - 3.5 f t / sec  
- 14 seconds 
- 40 x 25 x 33 f e e t  

- 0.018 gr /dsc f  
- 105 ppm - 96 ppm a - 2.5 ppm 

(115,000 acfm a t  450 F) 

aPlant personnel f ee l  t h a t  CO emissions from the  o lder  u n i t s  (#2 and #3) 
would probably be h igher  than t h i s  value. 
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An underground d i s t r i b u t i o n  network conta ins steam supply and condensate 
r e t u r n  headers, and c h i l l e d  water supply and r e t u r n  l i n e s .  Near ly a l l  o f  the 
condensate and c h i l l e d  water i s  re turned t o  the p l a n t  so t h a t  make-up water 
i s  minimized. 

5 . 2 . 1 . 1  Combustor Desiqn and ODeration. Waste i s  d e l i v e r e d  t o  the 
p l a n t  s i x  days/week, and consis ts  l a r g e l y  o f  r e s i d e n t i a l  s o l i d  waste. Three 
cranes are avai lab le,  w i t h  two normal ly on standby. 
from t h e  p i t  t o  the i n d i v i d u a l  combustor hoppers where i t  i s  charged t o  the 
combustor by h y d r a u l i c  rams. The r a m  feeders were r e t r o f i t  on u n i t s  #2 and 
#3 i n  1978 and ram speeds are var ied manually. 
i s  automat ica l ly  adjusted as p a r t  o f  t h e  combustion c o n t r o l  system. 

( 2 )  burning, and ( 3 )  f i n i s h i n g .  The grates are r e c i p r o c a t i n g  type, w i t h  
a l t e r n a t i n g  s t a t i o n a r y  and moving por t ions .  
on u n i t  #4 are steeper (12' angle) than those i n  the #2 and #3 u n i t s  
(6' angle), and the design of the g r a t e  bars a lso var ies.  
common problem which has been corrected by the i n s t a l l a t i o n  o f  a new 
chrome/nickel a l l o y .  

plenums. On t h e  o l d e r  u n i t s  ( # 2  and # 3 ) ,  adjustments t o  u n d e r f i r e  a i r  damper 
s e t t i n g s  are made manually, and i n  the 84 u n i t  the s e t t i n g s  are adjusted 
au tomat ica l l y  t o  mainta in  an establ ished u n d e r f i r e  a i r  d i s t r i b u t i o n .  
u n i t s  t h e  m a j o r i t y  o f  the u n d e r f i r e  a i r  i s  provided t o  t h e  middle (burning) 
grate.  
t o  a l l  t h r e e  plenums when f i r i n g  w e t  refuse. 

o r i g i n a l  o v e r f i r e / u n d e r f i r e  a i r  r a t i o  was 15/85. 
supply o v e r f i r e  and u n d e r f i r e  a i r  t o  each combustor. 
problems i n  e a r l y  years o f  operat ion were an i n d i c a t i o n  t h a t  t h e  r a t i o  o f  
o v e r f i r e  t o  under f i re  a i r  was i n s u f f i c i e n t .  Due t o  cappci ty  l i m i t a t i o n s  i n  
t h e  o r i g i n a l  o v e r f i r e  a i r  fans, new fans and o v e r f i r e  a i r  p o r t s  were 
i n s t a l l e d  i n  1982 t o  ad jus t  the r a t i o  t o  40/60 a t  80 percent excess a i r .  

the f r o n t  wa l l  and a s i n g l e  row o f  nozzles across the r e a r  w a l l .  A l l  o f  

these nozzles were 1-1/4 inches i n  diameter, and each row inc luded 

Waste i s  t r a n s f e r r e d  

On t h e  #4 u n i t ,  t h e  ram cyc le  

Each o f  the combustors contains t h r e e  g r a t e  sect ions:  ( 1 )  dry ing,  

The newer D e t r o i t  Stoker grates - 
Grate wear was a 

Each g r a t e  sec t ion  contains two independently c o n t r o l l e d  u n d e r f i r e  a i r  

I n  a l l  

Steam c o i l  a i r  preheaters are i n  place t o  supply 15OoF combustion a i r  

Each combustor i s  designed t o  operate a t  80 percent excess a i r ,  and the 
Separate fo rced-dra f t  fans 

Excessive tube wastage 

The o r i g i n a l  o v e r f i r e  a i r  system consis ted o f  two rows o f  nozzles across 
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14 nozzles. 
H20 gage in the Supply header. 
added to the lower front wall. 

described above and 16 nozzles on each side wall, supply headers, and a new 
fan and motor. 
1-1/16 inches wide by 3-1/2 inches high and fit between the existing 
waterwall tubes in the membrane wall. 

The maximum horizontal distance from front to rear combustor walls is 
15 feet 5 inches at the elevation of the lower overfire air nozzles. This 
distance is reduced in the upper combustor by a bull nose that extends two 
feet horizontally from the front wall. 
pressure settings on the front and rear wall overfire air supply headers is 
30 inches of water gage, and 15 inches of water gage on the side walls. 
combination gas/oil burners are located on the combustor rear wall 5 to 
6 feet above the highest overfire air jets. 
combustors are shown in Figures 5.2-1 through 5.2-3. 

downstream locations in the system. 
reported to be 1400 to 1500°F. 
approximately 76OoF, and the flue gases at the economizer exit are 
approximately 46OoF. 

stabilized on refuse after approximately three hours. 
requirement to attain a specific combustion temperature prior to charging 
waste feed. 
total thermal load. 

constant steam flow by varying underfire air flows. 
speeds are adjusted manually, 
90 Combustion Control system which provides total system control. Underfire 
air is controlled automatically with a variable speed forced-draft fan, 
providing constant steam pressure at a targeted steam flow. 
automatic dampers on the overfire air fans. Grate and ram speeds are 

The overfire air fan provided a maximum pressure of 18 inches of 
In 1975 an additional row of 14 nozzles was 

The new overfire air system consists of the four rows of nozzles 

The side wall nozzles are squashed pipe approximately 

Plant personnel indicated that normal 

Two - 
Profiles of the original and new 

Gas temperatures are recorded i n  the upper combustors and at several 
The combustor exit gas temperature is 

The economizer inlet gas temperature is 

Gas is fired during process start-up and the combustor temperatures are 
There is no 

Total gas burner capacities were reported to be 50 percent of 

Units #2 and #3 are equipped with pneumatic controls which maintain a 
Ram feeder and grate 

Unit #4 is equipped with a Bailey Network 

There are 
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Figure 5.2-3 Configuration of New Combustor (R4) Showing Overfire Air 
Locations. (Figure provided by Nashville Thermal) 
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c o n t r o l l e d  automat ica l ly ,  bu t  can be manually overridden. The c o n t r o l  system 
has 02/C0 t r i m  f o r  excess a i r  c o n t r o l  ( t i e d  t o  u n d e r f i r e  a i r  system), and 
there i s  capaci ty  f o r  f u t u r e  i n s t a l l a t i o n  o f  combustor temperature over r ide  
t o  increase u n d e r f i r e  a i r  f l o w s  w i t h  f a l l i n g  combustor temperatures, thus 
o v e r r i d i n g  t h e  normal . u n d e r f i r e  a i r  f low c o n t r o l .  

5.2.1.2 Emission Control  Desisn and Ooeration. Each o f  the three 
waste- f i red  combustors i s  c o n t r o l l e d  by 'a  separate 4 - f i e l d  ESP manufactured 
by American A i r  F i l t e r .  ESP 's  were added t o  the o r i g i n a l  combustors (#2 and 

#3)  i n  1976 t o  rep lace wet scrubbing systems. 
Thermal achieve PM emissions of l e s s  than 0.02 gr /dscf .  
d i f f e r e n c e  o f  t h e  un i ts ,  the ESP's  are v i ' r t u a l l y  i d e n t i c a l .  
presents design and operat ing data f o r  the #4  ESP. 

t o  t h e  ESP i n l e t s .  
u n i t s  t o  a l low continued operat ion o f  a b o i l e r  i n  t h e  event an ESP i s  
' inoperat ive.  

' t h e  operat ing temperatures, which are o f t e n  lower than design, the operators 
have no t  experienced cor ros ion  problems. One reason f o r  t h i s  may be the 
continuous b o i l e r  operat ion,  which keeps the f l u e  gas temperature above the 
ac id  dew p o i n t ,  prevent ing ac id  condensation on the surfaces o f  the ESP. 

Spat ia l  cons t ra in ts  a t  the back end o f  the system are severe. ' There i s  
probably no t  enough space a t  the back end o f  the system f o r  a complete spray 
d r y e r / f a b r i c  f i l t e r  r e t r o f i t  due t o  the c lose prox imi ty  o f  the e x i s t i n g  
chimneys, ESP's, coo l ing  towers, and transformers. However, there  i s  
subs tan t ia l  space toward t h e  f r o n t  o f  the p lan t .  
U n i t  #4 would have t o  be re located t o  make space a v a i l a b l e  f o r  a spray 
d r y e r l f a b r i c  f i l t e r  system. Also, space i s  ava i lab le,  w i t h  some l i m i t a t i o n s ,  
beside U n i t  #1 along the Cumberland River.  The a d d i t i o n  o f  a planned U n i t  #5 
w i l l  f u r t h e r  cons t ra in  t h i s  area and make t h e  r e t r o f i t  o f  a c i d  gas c o n t r o l s  
d i f f i c u l t .  U n i t  #2  has e x i s t i n g  ductwork o f  about 100 f e e t  p r i o r  t o  t h e  ESP. 
Un i ts  #3 and #4 have s i g n i f i c a n t l y  shor te r  duct runs. 

Each o f  the ESP's a t  Nashv i l le  
Despi te the age 

Table 5 .2 -1  

Figure 5.2-4 shows the unusual duct arrangement from the b o i l e r  o u t l e t s  
Crossovers are provir l -d between #2 and the other  two - 

The ESP's have no t  been r e b u i l t  s ince they were pu t  i n  service.  Despite 

The park ing area beside 

As such, s u f f i c i e n t  
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Duct Crossovers 

Not to Scale 

Figure 5.2-4. Duct Configuration at Nashville Thermal. 
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duct residence time may be available for a duct sorbent injection system, but 
the unusual duct arrangement discussed above would preclude installation o f  
such a system without major duct reconfigurations. 
5.2.2 DescriDtion of Model Plant 

A s  shown in Table 5.0-1, there are eight operating plants in this 
subcategory o f  MWC’s. The eight operating plants have individual units 
ranging in size from 275 to 400 tons per day. Despite the age of the older 
plants, nearly all o f  the facilities incorporate,the majority of design and 
operating elements which represent good combustion practices for mass burn 
waterwall systems. 
multiple, separately controllable underfire air plenums. They also typically 
have properly designed overfire air systems to provide full coverage and 
penetration o f  the combustor. 
maintain constant steam flow by automatic adjustment of underfire air flows. 
Excess air levels are maintained between 80 and 100 percent. 
systems may have more advanced controls, including oxygen trim loops, 
temperature control loops, and automatic adjustments to ram speeds. The 
majority of plants also contain auxiliary fuel burners for start-up, 
shutdown, and equipment preheat. Typically, these plants are equipped with a 
continuous 0 monitor, and airflow, temperature, steam, and feedwater 
controls and monitors. In addition, typical economizer flue gas exit 
temperatures are below 45OoF, thus minimizing the potential for CDO/COF 
formation in downstream flue gas treatment equipment. 

operating and design data for the model plant. 
three 360itpd mass burn waterwall combustors was selected based on the 
population described above. 
excess air with an overfire/underfire air ratio of 30/70. 
figures are typical values for the facilities in the existing population. 
Each combustor has two gas burners which are used during start-up and 
shutdown. 
air ports. 
constant steam flows. Grate speeds are adjusted manually. Temperatures are 
monitored in the upper combustor and at the economizer outlet. 
continuously monitored at the economizer outlet. 

This group of plants typically use a ram feeder and have 

Combustion control loops .are established to 

A few of the 
- 

2 

5.2.2.1 Combustor Desicln and Operation. Table 5.2-2 presents 
A model plant consisting o f  

The units are assumed to operate at 80 percent 
Both of these 

The burners are located on the rear wall just above the overfire 
Underfire air flow rates are adjusted automatically to maintain 

Oxygen is 
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TABLE 5.2-2. MODEL PLANT DESIGN AND OPERATING DATA FOR M I D - S I Z E  
MASS BURN WATERWALL COMBUSTOR 

Combustor: 
Type 
Number o f  Combustors 
I n d i v i d u a l  Combustor Capacity 

Design Steam Capacity 
Steam Condit ions 

Steam Production: 

Emissions Control  : 
Type 
Number o f  ESP's 
Number o f  F i e l d s  
Operating Temperature 
I n l e t  P a r t i c u l a t e  Loading ( t y p i c a l )  
Design C o l l  e c t i o n  E f f i c i e n c y  
Gas Flow 
Tota l  P la te  Area 
SCA a t  82,000 acfm and 45OoF 

Emissions: a 
CDO/CDD (octa - t e t r a )  
PM ... 
co 
HC1 
so2 

Stack Parameters: 
Height 
Diameter 

Operating Data: 
Remaining P lan t  L i f e  
Operating Hours per  Year 
Annual Operating Cost 

- Mass Burn Waterwall 
- 3  
1 360 tpd  (each) 

- 80,000 lb /hr ,  e8ch bo 
- 400 p s i g  a t  600 F 

1 e r  

- E l e c t r o s t a t i c  Prec ip i  a t o r  
- 3 (one per combustor) 
- 4  - 45OoF - 2.0 gr/dscf  - >99% 
- 82,000 acfm a t  45OoF 
- 34,700 square f e e t  
- 425 

- 

- 200 ng/dscm 
- 0.01 gr /dscf  
- 50 ppmv 
- 500 ppmv 
- 200 ppmv 

- 200 ft - 7 f t  

- - > 20 years 
- 8000 
- S10,600,00/year 

a A l l  emissions are dry, corrected t 8  7 percent 02. Standard and normal 
cond i t ions  are 1 atmosphere and 70 F. 
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At a flue gas flow rate of 80 percent excess air, total combustion air 
are approximately 39,000 scfm. Underfire air flow is 27,300 scfm and over- 
fire air flow is 11.,700 dscfm. Total flue gas air flow at the boiler exit, 
including flue gas products, is approximately 48,000 scfm (41,400 dscfrn). 

majority of plants in this subcategory are equipped with ESP’s. These ESP’s 
are typically operated at temperatures lower than 45OoF and achieve at least 
99 .percent removal of PM. Acid gas controls are not typically in place at 
these plants. 

ESP’s similar to those in place at Nashville. Operating data for the ESP’s 
are given in Table 5.2-2. It is assumed that the model plant ESP’s operate 
at a temperature of 450°F, are well-operated, and have sufficient SCA at 
450°F to achieve an outlet PM loading of 0.01 gr/dscf.. 

existing population of mid-size mass burn waterwall plants. 
congestion at Nashville is also not typical, since Nashville Thermal was 
intentionally located in the downtown area to provide district heating and 
cooling. As prev.iously discussed, this aspect is unique for plants in this 
subcategory. 
plant is assumed to have a standard duct arrangement and moderate APCD 
congestion, as shown in Figure 5.2-5. 
equipped with its own stack. 
presented in Table -5.2-2. 

environmental baseline for the model plant. 
subcategory have reported emissions of CDD/COF. From this available data, it 
is assumed that the model plant has baseline emissions at the combustor exit 
of 200 ng/dscm CDD/CDF corrected to 7 percent 02. ESP’s operating at 45OoF 
are assumed to neither promote nor deter formation of CDD/CDF. 
CDD/COF emissions at the stack are assumed to be equal to CDD/CDF emissions 
at the combustor exlt. 

PM emission rate of 2.0 gr/dscf at 7 percent O2 was selected for the model 
plant. The ESP’s are assumed to reduce this level to 0.01 gr/dscf at the 

5.2.2.2 Descriotion of Emission Controls. As shown in Table 5.0-1, the 

The model plant for this subcategory is equipped with dedicated 4-field 

The existing duct arrangement is not assumed to be typical of the - 
The site 

For purposes of representative model development, the model 

It is also assumed that each ESP is 
Stack parameters for the model, plant are also 

5.2.2.3 Environmental Baseline. Table 5.2-2 also presents the 
Five of the plants in this 

Therefore, 

Based on measured data from plants in this subcategory, an uncontrolled 
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Heating Plant 

Storage Pit 

Figure 5 .2-5 .  Plot Plan o f  Model Plant 
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stack. Baseline CO emissions are assumed to be 50 ppmv at 7 percent 02, also 
based on data from other plants in the population. 
composition used in this study, baseline emissions of HC1 and SO2 are assumed 
to be 50 ppmv and 200 ppmv respectively. 
process reduces waste 90 percent by volume and 70 percent by weight. 
5.2.3 Good Combustion 

combustion practices are largely in place. The only additional requirement 
for the model plant is the installation of continuous CO monitors for 
performance verification. 
with readout and integrator. Installation of this equipment can be performed 
during a routine scheduled outage, so that the modification will not cause 
any unscheduled downtime. 

Table 5.2-3. It is estimated that the capital cost o f  installing CO monitors 
will be 586,000, and that the annualized costs, including annualized capital, 
will be S148,OOO yearly. 
5.2.4 Best Particulate Control 

The existing ESP's are assumed to reduce PM loadings from 2.0 gr/dscf at 
the ESP inlet to 0.01 gr/dscf at the outlet. Thus no equipment modifications 
are required for this model plant to achieve 0.01 gr/dscf, the emission level 
associated with'best particulate control. 
5.2.5 Good Acid Gas Control 

each combustor, dry calcium sorbent will be injected into the duct upstream 
of the ESP. Water will also be sprayed into the duct. at this point, to cool 
the gas stream to 35OoF. 
per combustor. 

sorbent storage silo, a pneumatic sorbent conveying system, three sorbent 
feed bins, and pneumatic injection nozzles for each combustor. 
sorbent will be fed at a calcium-to-acid gas molar ratio of 2 : l .  At full 
load, this requires a sorbent injection rate of 407 lb/hr per combustor. 

Based on the waste 

It is assumed that the combustion 

An analysis of the model plant design and operation indicates that good 

Each unit should be equipped with a CO monitor 

5.2.3.1 Costs. Plant costs for combustion modifications are shown in - 

5.2.5.1 Descriotion of Modifications. For good acid gas control on 

This cooling is estimated to require 8 gpm of water 

Required equipment to accomplish the sorbent injection includes a 

Hydrated lime 
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TABLE 5.2-3 PLANT COSTS FOR COMBUSTION MODIFICATIONS . (Three units o f  360 tpd each) 

Item cost (S1000) 

CAPITAL COSTS: 

CO monitors, with readouts and integrators 

Indirect costs 

TOTAL CAPITAL COSTS 

Downtime Costs 

ANNUALIZED CAPITAL COST AND DOWNTIME 

ANNUAL OPERATING COSTS: 

Direct Costs: 

Maintenance and Labor 
Maintenance and Materials- 

Total 

Indirect Costs: 
Overhead 
Taxes, Insurance, Administration 
Capital Recovery 

Total 

TOTAL ANNUALIZED COST 

66 

zz! 
86 

0 

11 

42 
- 4 2  
84 

50 
3 
11 
64 

148 
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To control the additional particulate loading generated by the 1 ime 
sorbent, plate area will be added to maintain PM emissions at 0.01 gr/dscf. 
An additional 5,300 square feet of ESP collection area will be added to each 
ESP using a separate ESP in series behind each existing unit. The project 
also includes monitoring equipment for HC1, SO2, and CD2, and new ID fans. 
Figure 5.2-6 shows these retrofit changes. 

There are no access and congestion problems related to the addition o f  
water lines and pumps for humidification. 
economizer exit duct with a new duct containing sorbent and water injection 
nozzles is highly restricted since the duct passes through the heating 
building wall to the outdoor ESP. 
sorbent conveying equipment and the additional ESP's is assumed to be 
moderate. An additional 150 feet of new ducting will be required to connect 
each new ESP to an existing stack. 
approximately 1 month for each unit. 

be reduced by 75 percent from baseline levels. 
are estimated at 80 percent for HCl and 40 percent for SO2, respectively. 
mentioned above, PM emissions will be maintained at 0.01 gr/dscf. 
additional 6,290 tons/per year of solid sorbent waste will be added to the 
site disposal requirements. This represents a 6 percent increase in solid 
waste. 

in Table 5.2-4. 
cost is associated with upgrading particulate control equipment. Downtime 
cost is also substantial, at $1,270,000. Annual operating and maintenance 
costs are presented in Table 5.2-5. 
associated with sorbent purchase and maintenance of monitoring instruments. 
The total annualized cost (including capital recovery and downtime) is 
52,580,000. 
5.2.6 Best Acid Gas Co ntrol 

of SO2 and 90 percent reduction of HC1, a new spray dryer/fabric filter 
system will be Installed on each combustor. Lime slurry will be introduced 
in each spray dryer at a 2.5:l calcium-to-acid gas molar ratio. 

However, replacement o f  each 

Access/congestion level for the lime 

Combustor downtime can be limited to - 
5.2.5.2 Environmental Performance. CDD/CDF emissions are expected to 

Acid gas emission reductions 
A s  

An 

5.2.5.3 u. Capital costs for duct sorbent injection are presented 
Total capital cost is estimated at $6,800,000. Most o f  this 

Major direct operating costs are 

5.2.6.1 Descriotion of Modifications. To achieve 70 percent reduction 
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Figure 5.2-6. Plot Plan for Duct Sorbent Injection Equipment Arrangement. 
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TABLE 5.2-4 PLANT CAPITAL COST FOR DRY SORBENT INJECTION WITH ESP 
(Three u n i t s  c f  260 tpd  each) 

I t e m  cost  (SlOOO) 

DIRECT COSTS: 

Acid Gas Control  
Equipment 
Access/Congestion Cost 

P a r t i c u l a t e  Control  
Equipment 
Access/Conges t i  on Cost 

New Flue Gas Oucting 
Oucting Cost 
Access/Congestion Cost 

Temperature Contro la  
Fan 

Other Equipment 

Stacks 
Demo1 i t i o n / r e l o c a t i o n  

Tota l  

I n d i r e c t  Costs and Contingencies 

Moni tor ing Equipment b 

560 
56 

1,780 
444 

229 
63 

597 
569 
0 
0 - 

4,300 

1,730 

771 

TOTAL CAPITAL COST 6,800 

DOWNTIME COST 1,270 

ANNUALIZED CAPITAL RECOVERY AND DOWNTIME 1,060 

aBased on h igh  access and congestion f o r  i n s t a l l a t i o n .  

bTurnkey. 
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TABLE 5 .2-5  PLANT ANNUAL COST FOR DRY SORBENT INJECTION WITH ESP 
(Three un i ts  o f  360 tpd each) 

I tem costs (SlOOO) 

DIRECT COSTS: 

Operating Labor 
Supervision 
Maintenance Labor 
Maintenance Mater i a1 s 
E l e c t r i c i t y  
Water 
Lime 
Waste Disposal 
Monitors 

Total  

INDIRECT COSTS: 

Overhead 
Taxes, Insurance, and Administrat ion 
Capital  Recovery and Downtime 

Tota l  

TOTAL ANNUALIZED COST 

90 
35 
40 
72 
44 

6 
391 
157 

309 
1,140 

142 
241 

1.060 
1.440 

2,580 
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Lime will be slurried in the additional 13 gpm of water needed to cool the 
flue gas to 30OoF. 

sketch shows the location of the lime receiving, storage, and slurry area 
which will serve all three spray dryers. A fabric filter with 
23,900 effective square feet of cloth (net air-to-cloth ratio of 4:l) will be 
installed following each spray dryer. 
filters over existing ESP's will require new I D  fans for each unit as well. 
An estimated 750 total feet of new duct will be needed to access the existing 
stacks. 
instal 1 ed. 

The new equipment will be located behind the existing stacks. 
will be tied in just ahead of the existing ESP's which will be abandoned in 
place. 
1 month. - 

5.2.6.2 bvironmental Performance. CDD/CDF emission reductions to 
5 ng/dscm are expected. 
at 0.01 gr/dscf. 
97 percent of HC1. 

fabric filter systems are presented in Table 5.2-6. Total capital cost is 
estimated to be $21,000,000. This figure includes purchased equipment, 
installation, and indirect costs such as engineering and contingencies. 
Estimates assume moderate access and congestion, few additional facilities 
and no purchased land. Downtime cost (lost revenue) is estimated to be 
$1,270,000. 

Annual operating and maintenance costs are presented in Table 5.2-7. 
The most significant OM expenses include replacement bags for the fabric 
filters and electricity for the larger I D  fan needed due t o  the increased 
pressure drop across the fabric filters. 
capital recovery and downtime is $5,790,000. 
5.2.7 Summary of Cont rol ODtions 

described in the previous sections have been combined into seven retrofit 

The proposed equipment layout is illustrated in Figure 5.2-7. This 

The increased pressure drop of fabric 

New monitoring instruments for HC1, SO2, C02, and opacity will be 

New duct 

Downtime for duct tie-in for each new unit is expected to be 

Emissions of particulate matter will be maintained 
Acid gases will be reduced to 90 percent for SO2 and 

5.2.6.3 w. Capital cost requirements for installing spray dryer/ 

Total annualized cost, including 

5.2.7.1 Pesc riotion o f Control ODtions. The control technologies 
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1 New Spray Dryers. 
Fabric Filters 
and ID Fans 

0 
. New Sorbent 

Storage Silo 

Heating Plant 

Storage Pit 

3 Figure 5.2-7. Plot Plan o f  Spray Dryer/Fabric Filter Retrofit Equipment - 
Arrangement 
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TABLE 5.2-6 PLANT CAPITAL COST FOR SPRAY DRYER WITH FABRIC FILTER 
(Three units o f  360 tpd each) 

Item cost (SlOOO) 

DIRECT COSTS: 

Acid Gas and Particulate Control 
Equipment 
Access/Congestion Cost 

New Flue Gas Ducting 
Ducting Cost 
Access/Congestion Cost 

Other Equipment 
Fan 
Stacks 
Demo1 ition/relocation 

Total 

Indirect Costs and Contingencies 

Monitoring Equi pmenta 

9,410 
2,350 

333 
03 

454 
0 
0 

12,600 

7,530 

a59 

TOTAL CAPITAL COST 21,000 

DOWNTIME COST 1,270 

ANNUALIZED CAPITAL RECOVERY AND DOWNTIME 2,930 

aTurnkey. 
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TABLE 5.2-7 PLANT ANNUAL COST FOR SPRAY DRYER WITH FABRIC FILTER 
(Three u n i t s  o f  360 tpd  each) 

I tem costs ($1000) 

DIRECT COSTS: 

Operating Labor 
Supervis ion 
Maintenance Labor 
Maintenance Mater ia ls  
E l e c t r i c i t y  
Compressed A i r  
Water 
Lime 
Waste Disposal 
Monitors 

Tota l  

INDIRECT COSTS: 

Overhead 
Taxes, Insurance, and Admin is t ra t ion , 

Cap i ta l  Recovery and Downtime 
Tota l  

TOTAL ANNUALIZED COST 

144 
2 2  

323 79a 
282 

40 
9 

324 
208 

322 
1,750 

298 
806 

2.930 
4,030 

5,790 

aIncludes bag replacement o f  $70,000 p e r  year. 
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emission control options. These options are discussed in detail in 
Section 3.0. Table 5.2-8 summarizes the combustion, particulate control and 
acid gas control tqchnologies described in Sections 5.2.3 through 5.2.6 that 
were combined for each of the control options. 
the model plant achieves 0.01 gr/dscf and practices good combustion at 
baseline, Options 2 and 3 are identical to Option 1. 

option is summarized in Table 5.2-9. 
both the pollutant concentrations and annual emissions. The greatest 
reduction in total CDD/CDF, and acid gas emissions is achieved by addition of 
the spray dryer/fabric filter systems. Since good combustion is practiced at 
baseline, CO emissions are unchanged. Similarly, best particulate control is 
practiced at baseline, so PM emissions are unchanged. 
sorbent injection increase solid waste disposal requirements by 5 percent and 

It should be noted that since I 

5.2.7.2 b v  ironmental Performance. The performance of each control 
For each pollutant the table presents 

Spray drying and dry 

6 percent, respectively. - 
5.2.7.3 Q&. The total annualized cost of each option is presented 

in Table 5.2-10. Cost of control increases with increasing level of control 
for CDD/CDF and acid gases. However, duct sorbent injection i s  more cost 
effective than spray drying, on a per pound of reduction basis. 
injection achieves a 75 percent reduction in CDD/CDF for one-third to one- 
half the cost of 98 percent reduction by spray drying. 

impacts associated with the control options. 
into account the cost savings o f  not operating the existing ESP’s under 
Options 6 and 7. 
auxiliary burners are in place on the model plant and are used under baseline 
operation. 

Duct sorbent 

5.2.7.4 Enerav Imoacts. Table 5.2-11 presents a summary of the energy 
The electrical use figures take 

There is no increase in auxiliary fuel use because 
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TABLE 5.2-11 ENERGY IMPACTS FOR MID-SIZE MASS BUgN 
WATERWALL COMBUSTOR CONTROL OPTIONS 
(Three u n i t s  o f  360 tpd each) 

Gas Use 
( B W y r )  

E l e c t r i c a l  Use 
Option (MIJh/Y r 1 

0 

0 

0 

967 

967 ' 

6, 150b 

6,150b 

a h c r e a s e  from basel ine consumption. 

bExcludes e l e c t r i c i t y  c r e d i t  o f  not operat ing the  ESP's. 



5.3 SMALL MASS BURN WATERWALL COMBUSTOR 
This section presents the case study results for a small mass burn 

waterwall municipal. waste combustor (MWC). This model plant represents MWC's 
with individual unit capacities smaller than 250 tpd. As shown in 
Table 5.0-1, there are 9 known plants in this subcategory, including the 
oldest mass burn waterwall facility in the United States (Norfolk Naval 
Station) and several new facilities with state-of-the-art design and 
controls. 
has a spray dryer with fabric filter, and one uses duct lime injection with 
fabric filters for control of acid gas and PM. 

visited in order to gather information for model development, 
describes the model plant, including baseline emission performance estimates. 
Sections 5.3.3 through 5.3.7 detail the retrofit modifications, estimated 
emission reductions, and costs associated with each retrofit control option.- 
Section 5.3.8 summarizes the control options, which are discussed in more 
detail in Section 3.0 of this report. 
5.3.1 Descriotion of New Hanover County MWC 

5.3.1.1 Combustor Desim and Ooeration. The New Hanover County, North 
Carolina facility is comprised of two identical waterwall mass-burn furnaces 
(boilers), each with a design capacity of 100 tons of municipal solid waste 
(MSW) per day. Table 5.3-1 presents key design data for the facility. The 
facility has been in operation since 1984 and processes an estimated 
55 percent of the county's generated wastes, burning waste 7-days/week, 
24-hours/day. 
removing soot from the convective section o f  the boiler. This "clean out" 
period typically lasts 8 hours; however, in cases where there is low soot 
build-up, the boilers can be cleaned in 3 to 4 hours. The facility has a 
projected 30-year remaining 1 ife. 

The boilers and reciprocating grate stokers were built by E. Keeler 
Company and Detroit Stoker, respectively. The boilers are tube and tile 
construction rather than membrane wall. Both were shop-fabricated in two 
sections and sent to the facility for assembly. Only MSW is fired in the 
boilers. 

Seven of the nine facilities are equipped with E S P ' s ;  one facility 

Section 5.3.1 describes the New Hanover County facility, which was 
Section 5.3.2 

4 

Each unit i s  brought off line monthly for maintenances and for 

Each boiler is capable of producing 26,144 pounds per hour of 
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TABLE 5.3-1. NEW HANOVER DESIGN DATA 

Combustor: 

Type 
Number o f  Combustors 
Combustor U n i t  Capacity 
Grate Manufacturer 
B o i l e r  Manufacturer 

Emission Controls:  

Manufacturer 
Number o f  F ie lds  
I n l e t  design p a r t i c u l a t e  load ing  
Operat ing Temperature 
Design to1  l e c t i o n  E f f i c i e n c y  
P a r t i c u l a t e  Emission L i m i t  
Gas Flow 

Normal Condi t ions 
Upset Condi t ions 

Tota l  P l a t e  Area 
SCA a t  26,000 acfm 
SCA a t  40,000 acfm 
Gas Residence Time a t  26,000 acfm 
Gas Residence Time a t  40,000 acfm 

Type 

- Mass Burn Waterwall 
- 2  
- 100 t pd  
- D e t r o i t  Stoker 
- Keeler 

- E l e c t r o s t a t i c  P r e c i p i t a t o r  
- Uni ted McGi l l  
- 2  
- 5.0 gr/dscg 
- 425 t o  550 F 
- 99 percent 
- 0.05 gr /dsc f  

- 26,000 acfm a t  425:F 
- 40,000 a f f m  a t  550 F 

- 264 ft2/1,000 acfm 
- 172 f t  /1,000 acfm 
- 4.5 seconds 
- 2.9 seconds 

- 6,860 ft 
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superheated steam a t  525 p s i g  'and 65OoF . Each u n i t  c u r r e n t l y  contains a bare 
tube economizer which i s  not  an i n t e g r a l  p a r t  o f  t h e  b o i l e r .  
preheats b o i l e r  makeup water t o  about 25OoF whi le  coo l ing  t h e  f l u e  gas t o  
45OOF. 

The economizer 

The f a c i l i t y  operates on a f o u r  sh i . f t  system commonly used by u t i l i t y  
power p lants .  
two ass is tan t  p l a n t  operators, and one crane operator.  
responsib le  f o r  c o n t r o l  room funct ions.  
var ious funct ions i n  the b o i l e r  areas as  we l l  as d r i v i n g  the ash t rucks  t o  the 
l a n d f i l l .  
maintenance and r e p a i r s  o f  the b o i l e r  f a c i l i t y .  For the n igh t t ime s h i f t s ,  one 
o f  t h e  operators i s  s k i l l e d  in .ma in ta in ing  and r e p a i r i n g  t h e  b o i l e r  f a c i l i t y .  
During the downtime days, operators w i l l  a s s i s t  the mechanics i n  r e p a i r i n g  the 
equipment. 

re fuse p i t .  
200 tpd. 
from the p i t  t o  the charging hopper o f  each b o i l e r .  
ava i lab le  f o r  standby serv ice.  
through the feed chute t o  the feed tab le ,  where a hydrau l i c  r a m  feeds the 
b o i l e r .  
chute. There are two D e t r o i t  Stoker rec ip roca t ing  gra te  sect ions i n  each 
u n i t ;  each sect ion i s  8 fee t ,  2 inches wide by 11 fee t ,  2 inches l o n g . .  Each 
g r a t e  sec t ion  contains a s i n g l e  u n d e r f i r e  a i r  plenum. 
o f  pr imary air i s  suppl ied t o  the upper g r a t e  sect.ion and 30 percent t o  t h e  
lower sect ion.  
between t h e  g r a t e  sect ions.  

and two rows on the r e a r  w a l l .  Sidewall  a i r  i s  a l s o  i n j e c t e d  j u s t  above the 
g r a t e  e leva t ion  on both s idewal ls t o  prov ide temperature c o n t r o l  and prevent 

slagging. 
r e a r  wa'll d is tance across the furnace i s  14 f e e t .  
capaci ty  t o  operate a t  50 percent o f  t o t a l  a i r ,  but  the normal operat ing 
range i s  25 t o  30 percent o f  t o t a l  a i r .  
fans f o r  u n d e r f i r e  and o v e r f i r e  a i r  supply. 

Each s h i f t  includes one s h i f t  supervisor, one p l a n t  operator,  
The p l a n t  operator  i s  

The ass is tan t  p l a n t  operators perform 
I 

F ive mechanics are a v a i l a b l e  dur ing  the daytime hours for  

- 
Garbage t rucks  dump household waste each day i n t o  a 1,700 cubic yard 

The refuse p i t  i s  capable o f  s t o r i n g  a 3-day supply o f  MSW a t  
One overhead crane equipped w i t h  a grapple i s  used t o . t r a n s f e r  MSW 

A second crane i s  
From the charging hopper, t h e  wastes move down 

A c u t o f f  gate i s  located between the charging hopper and. the feed 

Appro'ximately 70 percent 

There i s  a v e r t i c a l  g ra te  step o f  approximately 1.5 f e e t  

The b o i l e r s  conta in  two rows o f  o v e r f i r e  a i r  nozzles on t h e  f r o n t  wa l l  

The o v e r f i r e  a i r  nozzles are 2 inches i n  diameter. The f r o n t  t o  
The o v e r f i r e  a i r  fan  has 

Each u n i t  has separate f o r c e d - d r a f t  
Flue gas oxygen i s  monitored by 
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an analyzer a t  t h e  economizer o u t l e t .  
O2 concentrat ion o f  10 percent (wet bas is ) ,  o r  approximately 100 percent 
excess a i r .  

The f a c i l i t y  operates each b o i l e r  a t  an 

The bottom ash i s  sent d i r e c t l y  t o  w a t e r - f i l l e d  res idue conveyor 
troughs. 
conveyed by a d r y  mechanical chain f l y  ash conveyor. The f l y  ash i s  then 
combined w i t h  the bottom ash i n  the w a t e r - f i l l e d  res idue conveyor troughs 
before i t  i s  dumped i n t o  ash hau l ing  t rucks.  The t rucks  t ranspor t  t h e  ash t o  
a l o c a l  l a n d f i l l  f o r  d isposal .  New Hanover County c u r r e n t l y  charges a f l a t  
t i p p i n g  fee o f  S3.68/cubic yard (522/ton) on the ash. The l a n d f i l l  i s  double- 
l i n e d  and incorporates a leachate c o l l e c t i o n  system. An average o f  7 t r u c k  
loads o f  ash are sent t o  the l a n d f i l l  per day. 

W .  R. Grace Chemical Company. 
the cost  o f  t h e  l e a s t  expensive f o s s i l  f u e l  ava i lab le .  Because W. R. Grace- 
Chemical Company-requires 250 ps ig  steam, a steam t u r b i n e  o n - s i t e  reduces the 
steam pressure wh i le  generat ing e l e c t r i c i t y .  
con t rac t  w i t h  W .  R. Grace. 

tu rb ine .  The steam t u r b i n e  i s  ra ted  a t  4 MW and produces about 2000 kw per 
year. For 1986 and 1987, the p l a n t  generated about 12.2 m i l l i o n  kwh per year.  
A l l  e l e c t r i c i t y  no t  used on s i t e  i s  so ld  t o  Carol ina Power and L i g h t  a t  t h e i r  
cogeneration r a t e .  
sent t o  the deminera l izer  tank f o r  reuse as  b o i l e r  makeup. 
condensate from t h e  steam so ld  t o  W. R .  .Grace i s  n o t  re turned t o  t h e  f a c i l i t y  
s ince the condensate contains h igh l e v e l s  o f  n i t r a t e s .  Therefore, add i t iona l  
feed water i s  provided t o  the f a c i l i t y  by o n - s i t e  we l ls .  
system has the capaci ty  f o r  100 percent water makeup. 

through modulat ion of undergrate a i r .  
var ied  t o  mainta in  des i red furnace temperatures, and constant furnace 
pressure (-0.5 inch  water gage) i s  achieved by ID fan  c o n t r o l s .  

Stoker provided an e l e c t r o n i c  feed c o n t r o l  which now has a manual overr ide.  
Over f i re  a i r  adjustments are manual, w i t h  v a r i a t i o n s  t o  c o n t r o l  furnace 
temperature. 

Ash c o l l e c t e d  i n  a hopper below the economizer and i n  t h e  ESP’s i s  

The f a c i l i t y  s e l l s  a p o r t i o n  o f  the steam produced i n  t h e  b o i l e r s  t o  
The steam p r i c e - i s  equiva lent  t o  110 percent o f  

The f a c i l i t y  has a S y e a r  

Excess steam capaci ty  i s  used t o  generate e l e c t r i c i t y  by a second steam 

The steam used t o  produce e l e c t r i c i t y  i s  condensed and 
However, 

The feedwater supply 

Control  loops are i n  p lace t o  mainta in  constant steam drum pressure 
Grate speed and ram speed a r e  a lso  

D e t r o i t  
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Since start-up, the facility has experienced continml flame 
impingement, erosion, and corrosion problems on the steas drum and convective 
section. To alleviate some o f  the problems, the facility coated the 
convective tubes with castable refractory. Furthermore, extensive 
modifications are being evaluated by the facility and the County to eliminate 
these problems. 
consultant include: 

Some of the options being considered by the County's 

1. increasing boiler height by 14 to 15 feet through addition of a 
membrane wall, 

2. segmenting underfire air supplies and providing individual plenum 
controls, 

3. installing furnace arches and redesigning overfire air firing 
patterns, and 

4. adding steam coil air preheaters. - 
The modifications will be implemented by bringing one boiler down and keeping 
one on-line, with an estimated downtime o f  three months per unit. 

In addition to the modifications to the existing boilers, construction 
o f  a third mass-burn waterwall boiler is in planning stages. The new boiler 
will process 250 tpd of MSU and will be equipped with natural gas auxiliary 
burners. 
line is about 200 feet from the facility. 
equipped with a Bailey Network 90 controller and a spray dryer and fabric 
filter emission control. 

fuels. Before start-up, several grapple loads of the driest material 
available in the refuse pit is delivered to the feed chute by the crane 
operator. The hydraulic ram charges part of the waste onto the burning 
grate. 
are adjusted until burning is self-sustaining. 

United McGill 2-field ESP's are used to control particulate matter (PM) 
emissions. The flue gas leaving each ESP i s  ducted to a common stack. 

The facility has easy access to natural gas, since the main gas 
The new boiler will also be 

Start-up of the existing boilers is accomplished without any auxiliary 

The material on the grate is ignited by hand. Undergrate air flows 

5.3.1.2 h i s s  ion Control Svstem Design and Ooeration. Two identical 

Both 
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ESP's conta in  f l a t  p la tes .  
s t a b l e  corona. 
monitor smoke. 
by the State. 
dur ing  normal operat ion.  

Flue gas .enters t h e  ESP's a t  a temperature o f  425OF and leaves a t  about 
405OF. The i n l e t  f l u e  gas temperature i s  no t  c o n t r o l l e d  bu t  i s  monitored 
w i t h  a thermocouple loca ted  a t  t h e  o u t l e t  o f  the economizer. .The ESP's have 
experienced some corros ion on cool  surfaces around the e l e c t r i c a l  connection 
boxes. 
405 and 425OF are w i t h i n  t h e  temperature range o f  300 t o  600°F f o r  minimal 
corrosion. 
f o r  f l u e g a s  temperatures above 6OO0F, corros ion caused by ch lo r ides  and i r o n  
sulphate reduc t ion  w i l l  take place. 

Each ESP i s  designed t o  handle f l u e  gas f low r a t e s  o f  26,000 acfm a t  - 
425OF based on MSW w i t h  a heat ing value o f  5,000 Btu / lb  (normal cond i t ions)  
and 40,000 acfm a t  55OoF 'based on an MSW heat ing value o f  3,750 Btu/ lb  (upset 
cond i t ions) .  The ESP can remove 99 percent o f  the p a r t i c u l a t e s  dur ing normal 
condi t ions,  r e s u l t i n g  i n  o u t l e t  PM emissions o f  0 . 0 5  gr /dscf  corrected t o  
12 percent C02. The s p e c i f i c  c o l l e c t i o n  area (SCA) i s  264 and 
172 ft /lo00 acfm dur ing  normal and upset condi t ions,  respec t ive ly .  The 
v e l o c i t y  i n s i d e  t h e  ESP-is 3 . 5  and 5 . 3  f e e t  per second dur ing normal and 
upset condi t ions.  
4 . 5  seconds, w h i l e  a t  upset condi t ions,  t h e  gas residence t ime i s  2 . 9  seconds. 

Uni ted 
McGi l l  provided add i t iona l  room f o r  adding another f i e l d .  The f a c i l i t y  said 
t h a t  Uni ted McGi l l  agreed t o  add t h i s  f i e l d  a t  no costs  i f  PM emissions were 
above the Subpart E emission l e v e l  o f  0.08 gr /dscf  dur ing i n i t i a l  PM t e s t i n g .  
I n i t i a l  PM t e s t i n g  conducted on August 1984 using EPA Method 5 showed t h a t  PM 
emissions from t h e  e x i t  o f  each ESP were below t h i s  l e v e l ,  ranging from 0 . 0 3  
t o  0.04  gr /dscf  corrected a t  12 percent C02. 

Programmable cont ro ls  are used t o  maintain a 

Opacity monitors are l o c a t i d  a t  the e x i t  o f  each E S P ' s  t o  
The f a c i l i t y  cannot exceed a EO percent opac i ty  l i m i t  imposed 

The f a c i l i t y  repor ted opac i ty  l e v e l s  less  than 10 percent 

According t o  t h e  B o l i n  Chart,  the f l u e  gas temperatures between 

Below 3OO0F, electochemical corros ion w i l l  1 i k e l y  occur; whereas 

2 

A t  normal condi t ions,  t h e  gas residence t ime i s  

Each ESP i s  about 16 f e e t  long  by 14 f e e t  wide by 15 f e e t  t a l l .  
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The e l e c t r i c a l  f i e l d  gradient  a t  the discharge electrodes i s  
8.25 kV/inch and the average e l e c t r i c a l  f i e l d  gradient  a t  the grounded 
c o l l e c t i n g  electrodes i s  24 kV/inch. 
i s  26 kV. 
3.15 inches. 
one t r a n s f o r m e r / r e c t i f i e r  (T/R) set. 

rapped. 
operators.  
were t o  b u i l d  another p lant ,  they would design t h e  ESP’s t o  rap each p l a t e  
i n d i v i d u a l l y  instead o f  the whole f i e l d  f o r  minimizing smoke emissions. 

o r  performance problems. 
date. 
5.3.2 Bescr iDt ion  o f  Model P lant  

represented by t h i s  model p l a n t  i s  presented i n  Table 5.0-1.  
f a c i l i t i e s  inc lude u n i t s  ranging i n  s i z e  from 50 t o  180 tpd. 
p l a n t s  are comprised o f  two i n d i v i d u a l  combustors. Based on the 
d i s t r i b u t i o n s  o f  u n i t  s izes i n  the populat ion,  a representat ive model p l a n t  
cons is ts  o f  two un i ts ,  each w i t h  a r a t e d  capaci ty  o f  100 tpd. 
are assumed t o  use tube and t i l e  constructed waterwalls. It i s  assumed t h a t  
the model p l a n t  burns MSW a t  f u l l  capaci ty  on a continuous operat ing 
schedule. 
model p lan t .  F igure 5.3-1 shows a p l o t  p lan o f  the model p lan t .  

The average age o f  the 9 f a c i l i t i e s  i n  t h i s  populat ion i s  7 years. 
Based on a v a i l a b l e  in format ion regard ing design, operat ion/contro l  , and 
v e r i f i c a t i o n  prac t ices  i n  place a t  t h e  e x i s t i n g  f a c i l i t i e s ,  a representat ive 
c o n f i g u r a t i o n  f o r  the model p l a n t  includes t h e  f o l l o w i n g  features.  Waste i s  
introduced t o  t h e  u n i t s  by hydrau l i c  ram feeders. 
i n d i v i d u a l  g r a t e  sect ions.  Each g r a t e  sect ion has two u n d e r f i r e  a i r  plenums 
which d i s t r i b u t e  primary a i r  t o  the grate.  
d i s t r i b u t i o n  are made by manual adjustment. The damper on the fo rced-dra f t  

Voltage appl ied t o  the e m i t t i n g  p la tes 
Distance between e m i t t i n g  p la tes  and c o l l e c t i n g  p l a t e s  i s  

Corona power o f  each ESP i s  152 watts/1000 cfm. Each f i e l d  has 

For removing p a r t i c u l a t e s  caught by the ESP‘s, the whole f i e l d  i s  
During rapping, a v i s i b l e  plume above the stack i s  observed by the 

The consul tant  a t  t h i s  f a c i l i t y  ind icated t h a t  i f  h i s  company 

The operators v i s u a l l y  inspect t h e  ESP’s monthly f o r  p o t e n t i a l  corros ion 
No problems have been observed.by the operators t o  

5 .3 .2 .1  combustor Desiqn and Ooeration. A l i s t  o f  f a c i l i t i e s  

The 9 operat ing 
A l l  o f  the 

The b o i l e r s  

Table 5.3-2 presents basel ine design and operat ing data f o r  t h e  

Each u n i t  contains three 

Changes i n  u n d e r f i r e  a i r  
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TABLE 5.3-2 MODEL PLANT BASELINE DATA FOR SMALL 
MASS BURN WATERWALL COMBUSTOR 

Combustor: 

Type 
Number o f  Combustors 
Combustor U n i t  Capacity 

Emission Contro ls  

Type 
Number o f  F i e l d s  
I n l e t  Temperature 
Co l l  e c t i o n  E f f i c i e n c y  
Gas Flow 
Tota l  P la te  Area 
SCA a t  24,000 cfm 

Emissions: a 

s02 
Stack Parameters: 

Height 
O i  ameter 

Operating D a t a :  

Remaining P lan t  L i f e  
Annual Operat ing Hours 
Annual Operating Cost 

- Mass Burn Waterwall 
- 2  
- 100 t p d  

- E l e c t r o s t a t i c  P rec iD i ta to r  
- 2  
- 500°F 
- 9Kpercen t  - _  24,000 agfm 

- 243 f t  /1,000 acfm 
- 5,830 $t 

- 2,000 ng/dscf 
- 0.05 gr /dsc f  
- 400 ppmv 
- 500 ppmv 
- 200 'ppmv 

- 140 f e e t  
- 5 f e e t  

- - > 20 years 
- 8,000 hours 
- S3,130,000/year 

a A l l  emissions are dry,  cor rec ted  t o  7 percent 02. 

b I n l e t  PM emissions t o  the  ESP are 2.0 g r /dsc f  a t  7 percent 02. 
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Figure 5 .3-1 .  Plot plan o f  the model plant. 
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fan is automatically controlled based on a desired steam flow set point. 
Each unit is designed to operate at 80 percent excess air, with 70 percent o f  
total air as underf.ire air and 30 percent as overfire air. At 80 percent 
excess air, the total combustion air flow is 10,000 scfm per unit, with 
7,000 scfm underfire air and 3,000 scfm overfire air. Total gas flow exiting 
the combustor is approximately 12,200 scfm (11,200 dscfm), including all flue 
gas products. 

Two of the nozzle rows are located on the furnace front wall and a single row 
is located on the rear wall. 
auxiliary fuel firing capacity. The model plant utilizes continuous oxygen 
monitors, which are located at the economizer outlet, but does not monitor 
CO. Typical of all heat recovery units, flue gas temperature measurements 
are made i n  the upper furnace just upstream of the supwheater and at the 
exit of the economizer (inlet to the flue gas cleaning equipment). It i s  - 
assumed that the flue gas temperature at the economizer outlet is maintained 
at 50OoF. 

5 .3 .2 .2  ission Control Svstem Desian and ODeration. As shown in 
Table 5.0-1, 8 of the 9 plants in this subcategory are equipped with ESP’s. 
The New Hanover plant has a 2-field ESP with PM emissions of 0.05 gr/dscf 
adjusted to 7 percent 0 2 .  
existing plants are similar to New Hanover from a particulate control 
performance standpoint. 

emissions data for the model plant. 
system does not provide adequate mixing to achieve low organics and CO 
emissions. As a result, baseline uncontrolled CDD/CDF emissions are 
established at 2000 ng/dscm, and baseline CO emissions are 400 ppmv, 
corrected to 7 percent 02. Typical of mass burn waterwall MWC’s, an average 
uncontrolled particulate rate of 2.0 gr/dscf is selected for the model plant. 
Uncontrolled emissions o f  HC1 and SO2 are assumed to be 500 ppmv and 200 ppmv, 
respectively. 
volume reduction of 90 percent (70 percent by weight). 

Overfire air is supplied through three rows of high pressure nozzles. 

It is assumed that the units do not have 

For the model plant, it will be assumed that most 

5.3.2.3 Environmental Baseline. Table 5.3-2 also presents baseline 
It is assumed that the overfire air 

It is assumed that the combustion process results in a waste 
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5.3.3 Good Combustion 
The following sections describe retrofits necessary to bring the 

performance of the model plant to a level which is representative of good 
combustion practice. The retrofits address the design, operation/control , 
and verification elements of good combustion practice. 

5.3.3.1 Oescri Dtion of Modi ficat i ons . 
Overfire Air System. The model requires a redesign of the overfire air 

system to provide good mixing patterns in the upper furnace. Flow modeling 
studies are required to establish the new jet sizes and configuration. 
assumed that the existing fan h.as adequate capacity to provide the needed 
quantities of air. Because the waterwalls are assumed to be tube and tile 
construction rather than membrane wall, relocation of overfire air nozzles, 
i f  necessary, will not require modification to the waterwall tubes. 
Equipment needed for the new system includes ducting, dampers, nozzles, and 
pressure monitors. Improved mixing conditions will be verified through - 
in-furnace profiling of CO, 02, and temperature, and through the use of 
continuous monitors. 

air plenum supplies to provide a continuous reading of the individual plenum 
pressures. 

Auxiliarv Fuel. The model plant requires installation of auxiliary fuel 
burners in the combustion chamber above the highest row of overfire air 
nozzles. 
the flow modeling studies. The auxiliary fuel firing capacity needed for 
each unit is approximately 22.5 MMBtu/hr (60 percent of full load thermal 
input). The auxiliary fuel burners will be used during start-up and 
shutdown, and during any upsets which result in abnormally high CO levels or 
low furnace temperatures. 

modified to include an O2 trim loop. The purpose of this control loop is to 
adjust automatically the distribution of underfire air to the various 
undergrzte plenums in the event that O2 concentrations vary from established 
upper and lower set points. 
flow/underfire air control loop, the control system will have the ability to 

It is 

Underfire Air Svstem. Monitors will be added to each of the underfire 
. .  

The exact placement of the burners can be established a's part of 

- O2 Trim LOOO. The model plant's combustion control system will be 

When used in combination with a steam 
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adjust both air quantities and distributions with changing waste burning 
characteristics, thus improving the stability of the burning process on the 
grates and minimizing the occurrence and severity spikes in CO and organic 
emissions. 

New CO monitors must be installed to provide continuous 
verification of stable combustion conditions. 
same location as the existing O2 monitors at the boiler outlet, and should 
include readouts and integrators. 

unit will be 2 weeks in order to complete retrofit of the combustion systems 
as described above. Flow modeling studies can be completed in approximately 
3 months while the units remain operational. 

the retrofits described above, it is estimatod that emissions of CDD/CDF 
will be reduced to 200 ng/dscm corrected to , percent 02.5 In addition, - 
emissions of CO are estimated to be reduced to 50 ppmv corrected to 7 percent 

02. No change in uncontrolled PM emissions is assumed to result from the 
modifications. 
are related to waste properties which are not expected to vary due to 
combustion modi fications. 

5.3.3.3 Costs. 
combustion retrofit options described above. 
modifications is estimated to be $492,000. Annual costs are presented in 
Table 5 .3 -4 .  
interest rate and a 15-year facility life. 
annualized capital and yearly 08M costs, are S205,000/year. 
5.3.4 Good Particulate Control 

5.3.4.1 Descriotion of Modifications. The model plant’s 2-field ESP’s 
are well-operated and are relatively new in operation. The ESP’s can reduce 
the inlet from 2.0 gr/dscf to 0.05 gr/dscf operating at an inlet flue gas 
temperature of 50OoF. 
will be sprayed in the ductwork between the economizer and the ESP. 
Demolition of the existing ductwork between the economizer and the ESP is 
required for installing 14 feet of larger diameter ducting with a cross- 

CO Monitors. 
The monitors should be at the 

Retrofit Considerations. It is estimated that total downtime for each 

5.3.3.2 Environmental Performance. Through the proper application of 

No changes in HC1 or SO2 emissions are assumed since these 

Cost estimates are provided in Table 5.3-3 for the 
The total capital cost o f  the 

Annualized capital costs are $80,000 based on a 10 percent 
Total annualized costs, including 

To cool the inlet flue gas temperature to 45OoF, water 
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TABLE 5.3-3. PLANT CAPITAL COST FOR COMBUSTION MODIFICATIONS 
(Two units of 100 tpd each) 

Item costs (Sl,OOO) 

DIRECT COSTS: 

Flow Modeling Studies 
New Overfire Air Nozzles 
Gas Pipeline (1/2 mile) 
Auxiliary Gas Burners 
CO Monitoring 
CO Profiling 
O2 Trim System 

INDIRECT COSTS AND CONTINGENCY 

TOTAL CAPITAL COSTS 

DOWNTIME COSTS 

ANNUALIZED CAPITAL COSTS AND DOWNTIME 

Total 

75 . .  

25 
50 
99 
44 
10 

25 
328 

164 

492 

118 

80 
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TABLE 5 .3-4 .  PLANT ANNUAL COST FOR COMBUSTION MODIFICATIONS 
(Two un i ts  o f  100 tpd each) 

I tem costs (S1,OOO) 

DIRECT COSTS: 

Gas Consumption 
Maintenance Labor 
Maintenance Mater ia l  
Operating Labor 

Total  

INDIRECT COSTS: 

Overhead 
Taxes, Insurance, and Administrat ion 
Capi ta l  Recovery 

Total  

TOTAL ANNUALIZED COST 

15 
.2a 
2a 

0 

71  

- 

34 
20 - EO 

134 

205 
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sec t iona l  area of 25 square feet.  
t o  ensure t h a t  enough residence t ime i s  ava i l ab le  f o r  f l u e  gas coo l ing  
(0.7 seconds). 
45OoF f o r  each combustor. 

This l a r g e r  diameter duc t ing  i s  requ i red  

A water r a t e  o f  1.2 gpm i s  requ i red  t o  cool the f l u e  gas t o  

Access and congestion t o  i n s t a l l  the  humid i f i ca t i on  equipment are h igh  
No r e l o c a t i o n  o f  t he  I D  fan i s  expected. 

due t o  the  c lose  p rox im i t y  o f  the  ESP and the  economizer. 
the  h u m i d i f i c a t i o n  equipment can be expected t o  be completed du r ing  the 
scheduled shutdown o f  the  p lan t .  Therefore, no unscheduled downtime i s  
requi red.  

Because the  f l u e  gas f low r a t e  i s  reduced by humid i f i ca t ion ,  i t  i s  
expected t h a t  the  e x i s t i n g  ESP w i l l  be able t o  reduce PM emissions t o  
0.05 gr /dsc f  w i thout  adding more p l a t e  area. 
a r e  expected. 

remain unchanged from basel ine.  
expected t o  be equal t o  the  concentrat ions a t  the  combustor e x i t .  

5.3.4.3 . &&. Capi ta l  cost  requirements f o r  good p a r t i c u l a t e  cont ro l  
are presented i n  Table 5.3-5. The major cos t  i tem i s  the  temperature cont ro l  
equipment. Tota l  c a p i t a l  cost  i s  S381,OOO. This  est imate includes purchased 
equipment, i n s t a l l a t i o n ,  and i n d i r e c t  costs  such as  engineer ing and 
cont ingencies.  
f o r  temperature con t ro l  i s  assumed. 

The cos ts  are dominated by annualized c a p i t a l  recovery and downtime., 
I n d i r e c t  annual costs  i nc lud ing  c a p i t a l  recovery and downtime i s  $83,000. 
D i r e c t  opera t ing  and maintenance costs  are estimated a t  531,000. 
annualized cost  f o r  good PM cont ro l  i s  5115,000 per year. 
5.3.5 . Best P a r t i c u l a t e  Control  

I n s t a l l a t i o n  o f  

No modi f i ca t ions  t o  the  ESP’s 
The e x i s t i n g  opaci ty  moni tor  can be reused. 

5.3.4.2 Environmental Performance. P a r t i c u l a t e  mat te r  emissions w i  11 - 
Tota l  CDD/CDF and ac id  gas.emissions are  

A h igh  APCD congestion fac to r  f o r  the  14- foo t  duc t ing  used 

Annual costs are presented i n  Table 5.3-6 f o r  good p a r t i c u l a t e  con t ro l .  

Thus, t o t a l  

5.3.5.1 Descr io t ion  o f  Mod i f i ca t i on .  To achieve best PM con t ro l  (a PM 
emission l e v e l  o f  0.01 gr /dscf )  w i t h  an i n l e t  g r a i n  load ing  o f  2.0 gr /dscf  
w i l l  r e q u i r e  an ESP operat ing a t  45OoF w i t h  a t o t a l  p l a t e  area o f  12,200 ft2. 

The e x i s t i n g  ESP has a t o t a l  p l a t e  area of 5,830 ft . 
an emission l i m i t  o f  0.01 gr/dscf ,  t he  e x i s t i n g  ESP w i l l  be upgraded by 
adding an add i t i ona l  p l a t e  area o f  6,320 ft . This add i t i ona l  p l a t e  area 

2 Therefore, t o  achieve 

2 
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TABLE 5.3-5. 'PLANT CAPITAL COST FOR PARTICULATE MATTER AND 
TEMPERATURE CONTROLS (Two units of 100 tpd each) 

costs (SlOOO) 

Item Good PM 
Control 

Best PM 
Control 

DIRECT COSTS: 

PM Controla 
Equipment 0 
Access/Congestion Cost 0 

b Temperature Control 
Humidification Costs 291 
Access/Congestion Costs 6 

New Flue Gas Ductinga 
Ducting Costs 7 
Access/Congestion Cost 4 

Stacks 0 
4 Demolition/Relocation - 

Total 312 

Other Equipment 

1,140 
284 

291 
6 

- 
19 
7 

0 
2 
1,760 

Indirect Costs and Contingencies 69 560 

Monitoring Equipment' 0 120 

TOTAL CAPITAL COST 381 2,440 

DOWNTIHE COST 0 235 

ANNUALIZED CAPITAL RECOVERY 50 352 
AND DONNTIHE 

aBased on moderate access/congestion. 

bBased on high access/congestion for ducting. 

'Turn key. 
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TABLE 5.3-6. PLANT ANNUAL COST FOR PARTICULATE MATTER AND TEMPERATURE 
CONTROLS (Two u n i t s  o f  100 tpd each) 

costs ($1000) 

I tem Good PM Best PM 
Control Control 

DIRECT COSTS: 

Operating Labor 
Supervision 
Maintenance Labor 
Maintenance Mater ia ls  
E l e c t r i c i t y  
Water 
Waste Disposal 
Monitors 

Tota l  

INDIRECT COSTS: 

12 
2 
13 
4 
0 
1 
0 
0 

31 
- 

Overhead 18 
Taxes, Insurance, and 

Administration 15 
50 Capi ta l  Recovery and Downtime - 

Total 83 

12 
2 
13 
23 
4 

- 16 
72 

30 

93 
- 352 
475 

TOTAL ANNUALIZED COST 115 547 
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will be added as a second ESP downstream of the existing ESP. 
Figure 5.3-2, installation of the new ESP will not require relocation of the 
ID fan. In addition, 25 feet of ductwork is needed to connect the second ESP 
to the existing stack. 
outlet of the second ESP. 

Similar to good particulate control, demolition of ductwork between the 
economizer and the ESP is required for installing 14 feet of larger diameter 
ducting which will be used to humidify and cool the flue gas. A water rate 
of 1.2 gpm is required to cool the flue gas to 450°F for each combustor. 
This ducting will allow gas residence time of about 0.7 seconds for gas 
cooling. 

Access and congestion to install the humidification equipment are high 
due to the close proximity of the ESP and the economizer and at the ESP 
outlet. Access and congestion to install the new ESP plate area are 
moderate. 
unit. 

be reduced from 0.05 to 0.01 gr/dscf. 
add about 26 tons/yr to total solid waste disposal requirements. This is a 
2.0 percent increase in fly ash to disposal. Emissions of CDD/CDF and acid 
gases are equal to the concentrations at the combustor exit. 

5.3.5.3 Costs. Total capital cost requirements for best particulate 
control, presented in Table 5.3-5, are estimated at 52,440,000. The major 
cost item is the particulate control equipment. This estimate includes 
purchased equipment, installation, and indirect costs such as engineering and 
contingencies. 
ESP, high APCD congestion factor for the ducting used for temperature 
control, 25 feet of additional duct, and ductwork demolition. The costs are 
dominated by annualized capital recovery and downtime. Indirect costs 
including capital recovery are estimated at 5352,000 per year. 

Annual costs are presented in Table 5.3-6 for best particulate control. 
Direct O&M costs are 572,000 per year. Thus, total annualized cost for best 
PM control is S547,OOO per year. 

As shown in 

A new opacity monitor will also be installed at the 

Downtime for this addition will be approximately 1 month for ea& 
R 

5.3.5.2 Environmental Performance. Particulate matter emissions will 
The additional recovered fly ash will 

Estimates assume a moderate APCD congestion factor for the 
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Figure 5.3-2. Plot plan o f  new ESP plate area 
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5.3.6 Good Acid Gas Control 

each combustor, d r y  sorbent will be injected in the combustor furnace through 
existing overfire air ports. Duct sorbent injection was not considered 
because of limited space between the economizer and the ESP. 
nozzles will be installed as similarly discussed in Section 5.3.4.1 to 
provide the needed flue gas temperature reduction. 
per combustor is required to cool the flue gas to 35OoF. 
sorbent injection includes one storage silo (one for the plant), a pneumatic 
sorbent system, four sorbent feed bins (two for each combustor), and four 
pneumatic injection nozzles (two for each combustor) 
will be fed at a calcium-to-acid gas molar ratio of 2:l. At full-load, a 
sorbent injection rate of 117 lb/hr is required for each combustor. 
Reduction in HC1 and SO2 are estimated at 80 and 40 percent, respectively. 

emissions to 0.01 gr/dscf. 
existing unit will require 6,500 ft of plate area. The project also 
includes monitoring equipment for HC1, SO2, C02, 02, and opacity. 
for HC1, SO2 and O2 will be located in the ducting upstream of the sorbent 
injection area and at the outlet of the secured ESP. 

5.3.6.1 DescriDtion of Modification. For good acid gas control on 

Water spray 

A water rate of 3.6 gpm 
New equipment for 

Hydrated 1 ime sorbent 

The existing ESP will require additional plate area to reduce PM - 
A separate ESP located in series behind the 

2 

Monitors. 

The opacity monitor 
will be located at the outlet of the second ESP. Figure 
retrofit changes. As shown in this figure, installation 
require relocation of the ID fans. In addition, 25 feet 
needed to connect the second ESP to the existing stack. 
to be 1 month per combustor for ductwork tie-ins. R 

5.3.6..2 Environmental Performance. Total CDD/CDF 

5.3-3 shows the 
of a new ESP will 
of ductwork is 
Downtime is expected 

emissions are expected 
to be reduced by 75 percent from the inlet level or 50 ng/dscm whichever is 
greater. 
and 40 percent for SO2, respectively. 
reduced to 0.01 gr/dscf. An additional 1,230 tons/year of waste (sorbent and 
fly ash) will be added to the baseline waste disposal requirements for the 
plant. 

presented in Table 5.3-7. 
temperature and particulate control equipment. 

Acid gas emission reductions are estimated at 80 percent for HC1 
As noted above, PM emissions would be 

5.3.6.3 Costs. Capital cost requirements for dry sorbent injection are 
Most of the cost is associated with the 

Total capital cost is 
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TABLE 5.3-7. PLANT CAPITAL COST FOR DRY SORBENT INJECTION WITH ADDITION 
. OF ESP PLATE AREA (Two units o f  1CO igd each) 

~~ 

Item costs (Sl,OOO) 

DIRECT COSTS: 

Equipment 
Access/Congestion Cost 

Acid Gas Controla 
384 
39 

Particulate and Temperature Controla’ 
Equipment 1,470 
Access/Congestion Cost 304 

New Flue Gas Ductinga 
Ducting Cost 
Access/Congestion Cost 

Other Equipment 
Stacks 
Demo1 ition/relocation 

18 
7 

0 
12 

Total 2,230 

Indirect Costs B Contingencies 999 

Monitoring Equipment‘ 573 

TOTAL CAPITAL COST 3,810 

DOWNTIME COSTS 235 

ANNUALIZED CAPITAL RECOVERY AND DOWNTIME 53 1 

aBased on moderate access/congestion. 

bBased on high access/congestion for ducting of temperature control. 

‘Turn key. 
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$3,810,000. This cost  est imate assumes a moderate APCD access/congestion 
l e v e l  f o r  sorbent i n j e c t i o n  and ESP upgrade, and a h igh APCD access/congestion 
f o r  t h e  duc t ing  used f o r  temperature cont ro l  and ductwork demol i t ion/ fan 
re1 ocat ion.  

Annual OM and i n d i r e c t  costs f o r  good ac id  gas c o n t r o l  are presented i n  
Table 5.3-8. Major d i r e c t  operat ing costs are moni tor ing equipment 
maintenance and l i n e .  
recovery and downtime. The t o t a l  annualized cos t  f o r  the cont ro l  op t ion  i s  
$1,250,000 per  year. 
5.3.7 Best Acid Gas Control  

o f  CDD/COF, SO2, and HC1, a new spray dryer / fabr ic  f i l t e r  system w i l l  be 
i n s t a l l e d  on each combustor. 
room f o r  the spray dryer  vessels. Two new smal ler  stacks w i l l  be included 
because o f  an extremely d i f f i c u l t  t i e - i n  from the f a b r i c  f i l t e r  t 6  the - 
e x i s t i n g  stack. However, t h e  e x i s t i n g  stack w i l l  no t  be demolished. Lime 
s l u r r y  w i l l  be introduced i n  each spray dryer  a t  a 2.5:l calc ium-to-ac id gas 
molar r a t i o .  Add i t iona l  water i n  t h e  l i m e  s l u r r y  o f  4.7 gpm w i l l  be requi red 
t o  cool the f l u e  gas t o  3OO0F f o r  each combustor. 
l a y o u t  i s  i l l u s t r a t e d  i n  Figure 5.3-4. 

This  sketch a lso shows the l o c a t i o n  o f  the l ime receiv ing,  storage, and 
s l u r r y  area which w i l l  serve the spray dryers.  A f a b r i c  f i l t e r  w i t h  
5,060 e f f e c t i v e  square f e e t  o f  c l o t h  (gross a i r - t o - c l o t h  r a t i o  o f  3:l) w i l l  
be i n s t a l l e d  f o l l o w i n g  each spray dryer .  The increased pressure drop o f  a 
f a b r i c  f i l t e r  over an ESP w i l l  r e q u i r e  a new ID fan f o r  each u n i t  as w e l l .  
An estimated 60 f e e t  o f  new duct  w i l l  be needed t o  connect t h e  spray dryer/  
f a b r i c  f i l t e r  t o  t h e  t h e  e x i s t i n g  stack.  
SO2, and O2 w i l l  be i n s t a l l e d  a t  both the i n l e t  o f  t h e  spray dryer  and the 
o u t l e t  o f  t h e  f a b r i c  f i l t e r .  An opac i ty  monitor w i l l  be i n s t a l l e d  a t  t h e  
o u t l e t  o f  t h e  f a b r i c  f i l t e r .  Downtime i s  expected t o  be 1 month f o r  t i e - i n .  

5.3.7.2 Environmental Performance. CDD/CDF emission reduct ions o f  
99 percent o r  5 ng/dscm, whichever i s  g rea ter  are expected. Emissions o f  PM 
w i l l  be reduced from 0.05 gr /dscf  t o  0.01 gr/dscf. Acid gases w i l l  be reduced 
90 percent f o r  SO2 and 97 percent f o r  H C l .  

The l a r g e s t  annualized cost  i s  annualized c a p i t a l  

5.3.7.1 Oescr io t ion o f  Modi f icat ions.  To achieve grea ter  reduct ions 

The e x i s t i n g  ESP w i l l  be demolished t o  make 

The proposed equipment 

New moni tor ing instruments f o r  HC1, 

R 
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TABLE 5 .3 -8 .  PLANT ANNUAL COST FOR DRY SORBENT INJECTION WITH ADDITION 
O F  ESP PLATE AREA (Two u n i t s  o f  100 tpd each) 

I tem costs (S1,OOO) 

DIRECT COSTS: 

Operating Labor 
Supervision 
Maintenance Labor 
Maintenance M a t e r i a l s  
E l e c t r i c i t y  
Water 
Lime 
Waste Disposal 
Monitors 

Total 

60 .. 

16 
26 
45 
28 

2 
75 
31 

INDIRECT COSTS: 

Overhead 88 
Taxes, Insurance, and Administration 129 

53 1 Capi ta l  Recovery and Downtime - 
Total 748 

TOTAL ANNUALIZED COST 1,250 



r Existing Incinerator 
Building 

office 
Building Refuse Pit 

Figure 5.3-4. Plot plan o f  spray dryer/fabric 
retrofit equipment arrangement. 
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5.3.7.3 m. Capital cost requirements for installing the spray 
dryer/fabric filter systems are presented in Table 5.3-9. Total capital cost 
is estimated at 58;190,000. This figure includes purchase equipment, 
installation, ESP demolition, addition of two new stacks, ductwork 
demo1 ition, and indirect costs such as engineering and contingencies. 
Estimates assume moderate access and congestion, 60 feet of new ductwork, and 
new ID fans. 

Annual operating costs are presented in Table 5.3-10. Significant 
direct operating expenses include maintenance materials, electricity for the 
larger ID fan needed due to increased pressure drop access in the fabric 
filter, and monitoring equipment maintenance. Total annualized costs, 
including capital recovery and downtime, would be 52,190,000. 
5.3.8 Summarv of Control Oations 

described in the previous sections have been combined into seven retrofit 
emission control options. Table 5.3-11 summarizes the combustion, particu- 
late control, and acid gas control technologies described in Sections 5.3.3 
through 5.3.7 that were combined fo r  each o f  the control options described in 
Section 3.0. It should be noted that since the model plant already achieves 
good PH control at baseline, Option 1 is identical to Option 2. 

option is summarized in Table 5.3-12. 
both the pollutant concentrations and annual emissions. 
reductions on acid gases, particulate matter, and COD/COF all are achieved 
with a spray dryer/fabric filter system. 
all these pollutants is the dry sorbent injection technology. Dry sorbent 
injection technology increases the baseline solid waste disposal by about 
6 percent, and the spray dryer/fabric filter system increases the baseline 
solid waste disposal by about 5 percent. 

5.3.8.3 
in Table 5.3-13. 
filter installation with combustion modification (Option 7). 
capital cost for this option is 58,680,000 and the total annualized cost is 
52,380,000. 

5.3.8.1 Descriotion of Control Costs. The control technologies - 

5.3.8.2 EnvironmentalPerformance. The performance o f  each control 
For each pollutant, the table presents 

The greatest 

The next most effective control for 

Costs. The total annualized cost of each option is presented 
The most expensive control option is the spray dryer/fabric 

The total 

The annualized cost is roughly 7 times higher than the annualized 
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TABLE 5.3-9. PLANT CAPITAL COST FOR SPRAY DRYER WITH FABRIC FILTER 
(Two units o f  100 tpd each) 

Item costs (SlOOO) 

DIRECT COSTS: 

Acid Gas Controla 
Equipment 3,320 
Access/Congestion Cost 836 

New Flue Gas Ductinga 
Ducting Cost 
Access/Congest i on Cost 

Other Equipment 
Fans 
Stacks 
Demo1 ition/Relocation 

Total 

Indirect Costs 

.Contingency 
Monitoring Equipment b 

TOTAL CAPITAL COSTS 

29 
7 

93 
211 
495 

4,990 

1,480 

1,150 

573 

8,190 

DOWNTIME COSTS 235 

ANNUALIZED CAPITAL RECOVERY 1,110 

aBased on moderate access/congestion 

bTurnkey 
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TABLE 5.3-10. PLAET ANNUAL COST FOR SPRAY DRYER WITH FABRIC FILTER 
(Two u n i t s  o f  100 tpd  each) 

costs (SlOOO) I tem 

DIRECT COSTS: 

Operating Labor 96 
Supervision 14 
Maintenance Labor 53a 
E l e c t r i c i t y  65 

Lime 62 
Waste Disposal 40 

Tota l  654 

Maintenance Mater ia ls  99 

Compressed A i r  a 
Water 2 

Monitors 3 

INDIRECT COSTS: 

Overhead 
Taxes, Insurance, and Admin is t ra t ion 
Cap i ta l  Recovery 

Tota l  

149 
285 

1.110 
1,540 

TOTAL ANNUALIZED COST 2,190 

‘Includes bag replacement costs o f  $13,000. 
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costs for option 1. Overall, both capital and annualized costs are higher for 
higher levels o f  control. 

5.3.8.4 
impacts associated with the control options. 
incremental use. 
the most electricity. 
combustion modifications all at the same rate of 3 billion Btu per year. 

Eneruv I mDacts. Table 5.3-14 presents a summary of the energy 
The average use figures are 

The spray dryer with fabric filter control options consume 
Auxiliary fuel is fired for those options requiring 
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TABLE 5.3-14. ENERGY IMPACTS FOR SMALL MASS BURN 
WATERUALL COMBUSTOR CONTROL OPTIONS" 

Electrical Use Gas Use 
Option ( M W y r )  ( Bt u / v )  

1 1.5 3.2E9 

2 1.5 . 3.2E9 

93.8 

601 

601 

1, 4205 

3.2E9 

0 

3.2E9 

0 

7 1,420b 3.2E9 - 

ahcrease from baseline consumption. 
bTotal electrical use excludes the electrical savings o f  not operating the 
existing ESP's. 
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6.0 REFUSE-DERIVED FUEL (RDF) -FIRED COMBUSTORS 

Refuse-derived fuel (RDF) combustion practices have undergone soce 
evolution since their inception in the 1960's and 70's. A number o f  
obstacles related to fuel processing, feeding, and combustion had to be 
overcome prior to establishing RDF as a viable technology. 
challenges continue to exist in the current generation of RDF plants. 
extensive discussion of these topics is available in a report prepared for 
Argonne National Laboratory, which contains a number of historical case 
studies describing RDF processes. This section describes the current design 
and operation of RDF-fired MWC's and identifies features in their design and 
operation which minimize air pollution. 

The existing population of RDF-fired MWC's consists of 18 operating 
plants. 
Most of these facilities burn primarily RDF. Several utility boilers also- 
co-fire RDF as a supplemental fuel. Thirteen of the 18 existing plants use 
spreader-stoker boilers, which i s  the most common design for a dedicated RDF 
combustor. Four of the existing facilities burn RDF as a portion of total 
fuel input in pulverized coal (PC) boilers. One plant (Wilmington, DE) 
co-fires RDF with raw municipal solid waste (MSW) in a modular excess air 
combustor. Refuse-derived fuel is also burned in fluidized-bed combustors 
(FBC's). Of the 18 RDF plants, 14 have electrostatic precipitators (ESP's) 
for PM control and 3 are equipped with spray dryer/fabric filter systems. 
One has a cyclone. 

of existing facilities. Both model plants burn RDF as a primary fuel in 
spreader-stoker boilers, which are the predominant RDF-fired boiler. The 
first (Section 6.1) represents a plant with large (unit size > 600 tpd), and 
the second (Section 6.2) represents a plant with smaller units. 
plant is equipped with an ESP for PM control. 

ASTM and i s  presented in Table 6.0-2. The type of RDF used is dependent on 
the boiler design. With few known exceptions, boilers that are designed to 
burn RDF as a primary fuel utilize spreader-stokers and fire RDF-3 (fluff, 

Some of these 
An 

Table 6.0-1 lists the RDF-fired MWC's in operation as of 1988. 

Two RDF-fired model plants were developed to represent the population 

Each model 

A set of standards for classifying RDF types has been established by 
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TABLE 6.0-2. ASTM CLASSIFICATION OF REFUSE-DERIVED FUELS 

Type o f  RDF Descr ip t ion  

RDF-1 (MSW) Municipal  s o l i d  waste used as a f u e l  i n  as-discarded 

RDF-2 (c-RDF) 

form, w i thout  overs ize bulky waste (OBW). 

MSW processed t o  coarse p a r t i c l e  size, w i t h  o r  wi thout  
fe r rous  metal separation, such t h a t  95 percent by 
weight ( w t  X )  passes through a 6- inch square mesh 
screen. 

Shredded f u e l  der ived  from MSW and processed f o r  the 
removal o f  metal,  glass, and o ther  en t ra ined 
inorganics.  The p a r t i c l e  s i z e  o f  t h i s  mater ia l  i s  such 
t h a t  95 w t  X passes through a 2- inch square mesh 
screen. A lso c a l l e d  " f l u f f  RDF." 

Combustible-waste f r a c t i o n  processed i n t o  powdered 
form, 95 w t  X passing through a 10-mesh (0.035 inch  
square) screen. 

the form o f  p e l l e t s ,  slugs, cubettes, b r iquet tes ,  o r  
some s i m i l a r  form. 

Combustible-waste f r a c t i o n  processed i n t o  a l i q u i d  f u e l  
(no standards developed). 

Combustible-waste f r a c t i o n  processed i n t o  a gaseous 
f u e l  (no standards developed). 

RDF-3 (f-RDF) 

RDF-4 (p-RDF) 

RDF-5 (d-RDF) Combustible waste f r a c t i o n  d e n s i f i e d  (compressed) i n t o  

RDF-6 

RDF-7 
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or f-RDF) in a semi-suspension mode. This mode of feeding is accomplished 
by using an air-swept distributor, which allows a portion of the feed to 
burn in suspension and the remainder to be burned out after falling on a 
horizontal traveling grate. Schematics o f  typical RDF spreader-stoker 
boilers are shown in Figures 6.1-2 and 6.2-1. The number of RDF 
distributors in a single unit varies directly with unit capacity. For 
example, each of the 1,000 tpd units at Niagara Falls, NY is equipped with 
8 distributors. 

boilers, can co-fire RDF-3 or RDF-4 (powered or p-RDF). 
the fuel processing must be more extensive so that a very fine fluff results. 
Currently, the 4 PC boilers in operation co-fire fluff with pulverized coal. 
Suspension firing is usually associated with larger boilers due to the 
increased boiler height and retention time required for combustion to be 
completed in total suspension. Smaller systems firing RDF in suspension - 
require moving or dump grates in the lower furnace to handle the falling 
material that does not complete combustion in suspension. Boilers co-firing 
RDF in suspension are generally limited to 50 percent of total heat input by 
RDF alone.' When multiple fuels are burned, the optimum balance of under- 
fire, overfire, distributor air, and possibly burner air, is far more 
difficult to establish and control. 

Guidelines for minimizing emissions of trace organics have been 
developed for RDF combustors.2 A list of design, operation/control, and 
verification components associated with the guidelines is presented in 
Table 6.0-3. These guidel ines are directed toward conventional spreader- 
stoker RDF boilers and may not be adapted t o  suspension-fired systems or 
FBC's .  As such, the discussion of these guidelines and their application is 
focused on the spreader-stoker facilities. 

systems. These guidel ines require that: 
stable stoichiometries be maintained through proper distribution 
of fuel and combustion air, 

good mixing be achieved at a sufficiently high temperature to 
adequately destroy trace organic species, and 

Suspension-fired RDF boilers, such as pulverized coal-fired (PC) 
If RDF-3 is used, 

The basic guidelines that apply to mass burn systems also apply to RDF 

0 

0 
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TABLE 6.0-3 COMPONENTS OF GUIDELINES - GOOD COMBUSTION PRACTICES FOR 
M I N I M I Z I N G  TRACE ORGANIC EMISSIONS FROM RDF-FIRED MWC’S 

Element Component 

Design 

Operat 1 on/Control 

V e r i f i c a t i o n  

Temperature a t  f u l l y  mixed height 

Under f i re  a i r  con t ro l  

Over f i re  a i r  capaci ty 

Over f i re  a i r  i n j e c t o r  desiqn 

Furnace e x i t  gas temperature 

Excess A i r  

Turndown r e s t r i c t i o n s  

Star t -up procedures 

Use o f  a u x i l i a r y  fue l  

Oxygen i n  f l u e  gas 

CO i n  f l u e  gas 

Furnace temperature a t  f u l l y  mixed height 

Temperature a t  APCD i n l e t  

Adequate a i r  d i s t r i b u t i o n  
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0 the design and operational performance of the system be verified 
through monitoring or performance tests. 

These design, operation/control, and verification practices are expected to 
minimize trace organic emissions. 
CDD/CDF formation may also occur at lower temperatures in downstream 
portions of the system through catalytic reactions. Therefore, another 
guideline should be included which addresses this phenomenon. This guide- 
line is to minimize the retention time of flue gases in the temperature 
window where CDD/CDF formation occurs. A discussion of basic industry 
practices and the application of set of guidelines is presented in the 
following paragraphs. 
Fuel Feedinq 

distributors to feed RDF into the combustion chamber. The distributors are 
normally adjustable so that the trajectory of the waste feed can be varied- 
from front to rear of the furnace. Because the traveling grate moves from 
the rear to the front of the furnace, distributor settings are adjusted so 
that most of the waste lands on the rear two-thirds of the grate. 
allows more time for combustion to be completed on the grate. 
traveling grates operate at a single speed, but most can be manually 
adjusted to accommodate variations in burning conditions. 

Three common problems with RDF feeding include: 
0 plugging of distributors, resulting in feed interruptions and 

s t oi chi ometry upsets , 
0 erosion of watemall surfaces by abrasive constituents in the 

feed. 
trajectories, and 

high particulate carryover out of the radiation section of the 
boi 1 er. 

Recent research data indicate that 

As mentioned above, spreader-stokers generally use air-swept 

This 
Some 

This can sometimes be corrected by adjusting distributor 

0 

Due to the basic desfgn of RDF feeding practices, particulate loadings are 
typically at least twice as high as mass burn systems and more than an order 
of magnitude higher than modular starved-air combustors. The higher 
particulate loadings may contribute to the catalytic formation of CDD/CDF. 
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Combustion A i r  

a s i n g l e  plenum. One o f  t h e  newer f a c i l i t i e s  (Har t ford,  CT), i s  equipped 
wi th a m u l t i p l e  plenum design. This  i s  a des i rab le  fea ture  which provides 
t h e  operator  w i t h  b e t t e r  a b i l i t y  t o  vary t h e  d i s t r i b u t i o n  o f  u n d e r f i r e  a i r  
t o  var ious p o r t i o n s  o f  t h e  f u e l  bed. 

O v e r f i r e  a i r  i s  i n j e c t e d  through rows o f  high-pressure nozzles, 
p r o v i d i n g  a zone f o r  mix ing and complet ion of the combustion process. The 
g u i d e l i n e  spec i f ies  t h a t  systems incorporate a design capaci ty  o f  40 percent 
o f  t o t a l  a i r  as o v e r f i r e  a i r .  
than 40 percent o f  t o t a l ,  although t h e  Red Wing, MN f a c i l i t y  repor ts  a 
normal operat ing r a t i o  o f  50/50. 
a i r  systems prov ide complete coverage and penetrat ion o f  the furnace cross- 
sec t ion  t o  achieve good mixing. 
t y p i c a l  RDF b o i l e r  has a s t r a i g h t  w a l l  design. As u n i t  s i z e  increases, - 
b o i l e r  cross-sect ions prov ide grea ter  distances t h a t  nozzles must penetrate.  
Therefore, nozzle diameters, pressures, and v e l o c i t i e s  w i l l  change. A new 
lower furnace design used a t  t h e  Biddeford, ME f a c i l i t y  includes pinched 
w a l l s  through which o v e r f i r e  a i r  i s  i n j e c t e d  i n t o  the combustion gases. 
pinched sec t ion  g r e a t l y  reduces t h e  cross-sect ional  area o f  the b o i l e r ,  but  
may increase t h e  v e r t i c a l  v e l o c i t i e s  o f  gases i n  t h a t  sect ion o f  the 
combustion chamber. 
Auxi 1 i a r v  Fuel 

A l l  RDF-f ired MWC’s have the c a p a b i l i t y  t o  c o - f i r e  add i t iona l  fue ls .  
Four o f  t h e  e x i s t i n g  spreader-stokers i n  Table 6.0-1 c o - f i r e  coal o r  wood 
wi th  RDF under normal operat ing condi t ions.  The remaining f a c i l i t i e s  are 
equipped w i t h  na tura l  gas, f u e l  o i l ,  o r  combination gas/o i l  burners. The 
burners are operated dur ing  s ta r t -up ,  shutdown, and dur ing  per iods o f  RDF 
feed i n t e r r u p t i o n .  
more f requent  i n  RDF f a c i l i t i e s  than i n  mass burn waterwall  systems, i t  i s  
c r i t i c a l  t h a t  burner design, loca t ion ,  and capaci ty  be optimized. 
Low Temoerature Catal v t i c  Fwmation o f  CDDKDF 

RDF f a c i l i t i e s  for two reasons. F i r s t ,  e x i s t i n g  u n i t s  t y p i c a l l y  operate 

U n d e r f i r e  a i r  i s  normal ly preheated and introduced beneath the g r a t e  by 

Operational q u a n t i t i e s  are t y p i c a l l y  less  

The g u i d e l i n e  a lso  s p e c i f i e s  t h a t  o v e r f i r e  

As shown i n  Figures 6.1-2 and 6.2-1, a 

The 

Because t h e  use o f  a u x i l i a r y  f u e l s  i s  expected t o  be 

Downstream c a t a l y t i c  format ion o f  CDD/CDF may be p a r t i c u l a r  problem i n  
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a t  ESP temperatures between 500 and 6OO0F, where formation has been 

demonstrated. 
associated w i t h  t h i s  technology may provide more surface area f o r  c a t a l y t i c  
react ions t o  occur. 
f a c i l i t i e s  t o  document the e f f e c t s  o f  these var iab les  on COD/CDF emissions. 

Second, the  higher uncontrol led p a r t i c u l a t e  emission r a t e s  

However, few emissions data  a r e  a v a i l a b l e  from RDF 
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6.1 LARGE RDF-FIRED COMBUSTOR 
This section presents the case study results for a large RDF 

spreader-stoker facility (unit size greater than 600 tpd). As shown in 
Table 6.0-1, there are 4 existing facilities within this subcategory. 
Section 6.1.1 presents a description of the Occidental Chemical Corporation 
facility in Niagara Falls, NY, which was'visited to gather information for 
model plant development. Section 6.1.2 presents a description of the model 
plant. Sections 6.1.3 through 6.1.7 detail the retrofit modifications, 
estimated performance, and costs associated with each control option. 
Section 6.1.8 presents a summary o f  the control options, which are discussed 
in more detail in Section 3.0 of this report.. 
6.1.1 

study in 1973. Construction began in 1978, and was essentially complete in - 
1980. The original project cost of $94 million was funded through a leveraged 
lease using Niagara County Industrial Development Bonds. A 2-1/2 year 
start-up and system redesign costing another 650 million was required to 
bring the facility to acceptable levels of continuous operation. 
currently 1.eases the facility from a group of banks. However, Occidental 
would bear the burden of any retrofit costs brought about by regulation. 

Table 6.1-1 presents design data for the EFW facilities, and 
Figure 6.1-1 is an overall process diagram. The facility consists of.an 
on-site waste processing plant and 2 Foster-Wheeler boilers with Detroit 
Stoker air-swept distributors and traveling grates. 
1,200 tons of RDF per day w'ith a design rating of 300,000 lb/hr of superheated 
steam and 25 MU o f  electricity. Normal operating rates are currently about 
230,000 lb/hr steam production per unit, which plant personnel consider to be 
the effective maximum continuous operating capacity of each unit. The 
combined effective electrical generating capacity of both units is 35 MW. 
Steam and electricity +re delivered to the adjacent Occidental chemical plant 
and excess electricity sold to the local utility. The EFW facility was sized 
to provide the chemical plant with 100 percent of its steam requirements. 
Furnace particulate emissions are controlled by separate 4-field hot-side 
ESP's. Acid gases are not controlled. 

Descriotion of the Occidental RDF-Fired Facility3 
The Occidental Energy From Waste (EFW) project began with a feasibility 

I 

Occidental 

Each unit is rated at 

6-9 



TABLE 6.1-1. OCCIDENTAL DESIGN DATA 

Combustor: 

Type 
Number of Combustors 
Combustor Unit Capacity 

- Straight Wall Spreader Stoker 
- 2  
- 1,000 tpd 

Emission Controls: 

Type 
Manufacturer 
Number of Fields 
Inlet design particulate loading 
Operating Temperature 
Design Col 1 ect i on Efficiency 
Permitted PM Emissions 
Gas Flow 
Total Plate Area 
Cal cul ated SCA 
Gas Residence Time in ESP 

- Electrostatic Precipitator 
- Belco 
- 4  
- 3.36 gr/acf 
- 550°F to 62OoF 
- 99.77 percent 
- 0.03 gr/dscf at 12% COZa 
- 367,420 acfm @ 65OoF 
- 146,900 ft2 
- 400 ft2/l,000 acfm 
- 10 seconds 

- 

aReference 5. 
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Figure 6.1-1. General process diagram o f  EFW facility. 
(Figure provided by Occidental Chemical Corp.) 
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6.1.1.1 Combustor Desian and Ooeration. The EFW facility receives 
municipal solid waste (MSW) and processes RDF on site. 
processing, bulky or large non-combustible waste is separated on the tipping 
floor and routed to a landfill. With the exception of these items, all of 
the incoming waste is processed into RDF. 
2 lines of 16 hydraulic rams that push the MSW onto the shredder feed 
conveyors. 
is equipped with forty 225-pound hammers. Each shredder was designed to 
process 70 tons of waste per hour, and currently each shreds approximately 
50 to 60 tons per hour. 
recovered. The RDF, nominally less than 4 inches in particle size, is then 
conveyed to the storage building. 

The rate of fuel fed t o  each boiler is controlled by surge bfns. 'Each 
surge bin contains 24 augers and delivers RDF through individual feed.chutes - 
to.eight 10-inch by 24-inch air swept distributors in the boilers. 
distributors are located. on the front wall, approximately 3 feet above the 
grate. 
varying the air supplied to -the distributors. 
concentrate more waste on the back portion of the traveling grate. 
feed rate can be set to respond either to the steam flow or the steam 
pressure. Plant personnel indicated that it is more typical to operate in a 
flow control rather than a pressure control mode. The grate speed is 
manually set and adjusted based on the steam production rate. 
in a semi-suspension mode with combustion taking place partially in suspension 
in the furnace and partially on the traveling grate. 
594 square feet, and desired grate speed was reported to be 5 to 7 ft/hr. 
a result of burning'waste in semi-suspension, the grate area per unit weight 
of fuel burned is considerably less than that found in typical mass burn 
plants. Plant personnel reported the desired thickness of the ash bed coming 
off the grate to be 4 to 6 inches. 

distributors on the front wall, but coal is not currently fired. Fuel oil 
and natural gas burners (4 each) are located on the rear wall about 10 feet 

Prior to fuel 

The waste receiving pit has 

Each of three 1,500-hp shredders (horizontal-type hammer mills) 

Ferrous materials are magnetically separated and 

Storage capacity is 5,000 tons. 

The 

The front-to-rear distribution of RDF on the grate can be adjusted by 
Higher air velocities 

The ROF 

The fuel burns 

The grate area i s  
As 

Eight coal feeders are located 7 feet, 3 inches above the RDF 
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above t h e  RDF d i s t r i b u t o r s .  Natura l  gas i s  c u r r e n t l y  f i r e d  i n  t h e  furnaces 
dur ing  s t a r t - u p  and dur ing  per iods when RDF feeding i s  in te r rup ted .  
i s  achieved w i t h  a 6-hour warm-up per iod  on gas and refuse feed i s  i n i t i a t e d  
a f t e r  10 percent o f  steam load i s  a t t a i n e d  wh i le  f i r i n g  gas. 
brought up t o  f u l l  load on a prescr ibed load curve. Each o f  the n a t u r a l  gas 
burners has a r a t e d  f i r i n g  capaci ty  equal t o  one- four th  o f  t h e  u n i t  capaci ty,  
so each furnace can be operated a t  f u l l  load on supplemental f u e l .  Both o f  
the u n i t s  a lso  have the a b i l i t y  t o  burn hydrogen, which i s  a v a i l a b l e  as a 
by-product from the ,adjacent c h l o r i n e  p lan t .  

recent  1 y . 
The furnace is 'des igned t o  operate a t  8.2 percent excess O2 (d ry ) .  

However, t h e  b o i l e r s  are c u r r e n t l y  operated between 10 and 14 percent excess 
O2 (90 t o  200 percent excess a i r )  w i t h  70 percent o f  t h e  t o t a l  a i r  suppl ied 
as u n d e r f i r e  a i r .  A f o r c e d - d r a f t  fan  moves combustion a i r  through a gas-to- 
a i r  preheater and suppl ies preheated pr imary a i r  t o  2 l a t e r a l l y  separated 
plenums loca ted  under the grate.  A booster fan  located downstream o f  t h e  a i r  
preheater routes a p o r t i o n  o f  the preheated a i r  t o  t h e  secondary ( o v e r f i r e )  
a i r  headers and the RDF d i s t r i b u t o r .  

s tud ies.  
upper r e a r  and f r o n t  w a l l s  a t  an e l e v a t i o n  approximately 16 f e e t  above the 
RDF d i s t r i b u t o r s .  There are seventeen 3- inch  nozzles on the f r o n t  wa l l  and 
twelve 3.5-inch nozzles on t h e  r e a r  w a l l .  Intermediate o v e r f i r e  a i r  rows a r e  

a lso  loca ted  on the f r o n t  wa l l  and t h e  r e a r  w a l l  above t h e  RDF d i s t r i b u t o r s .  
There are f o r t y  2 - inch  diameter in termediate a i r  nozzles i n  t h e  2 rows on the 
f r o n t  w a l l  and seventeen 3- inch diameter a i r  nozzles on the r e a r  w a l l .  
C a r r i e r  a i r  i s  suppl ied by t h e  booster fan.  t o  t h e  RDF d 4 s t r i b u t o r s  on the 
f r o n t  w a l l  and a lower o v e r f i r e  a i r  row on t h e  r e a r  w a l l .  
which i s  used t o  blow t h e  RDF i n t o  t h e  combustion chamber, i s  suppl ied 
through f i v e  2 - inch  diameter nozzles per  d i s t r i b u t o r .  There are seventeen 
3- inch  diameter lower a i r  nozzles on t h e  r e a r  w a l l ,  1.5 f e e t  below the RDF 
d i s t r i b u t o r s .  Four soot blowers are loca ted  on the r e a r  w a l l  between t h e  

S t a r t - u p  

The u n i t s  are 

However, t h i s  has no t  been done 

- 

T h e - o v e r f i r e  a i r  system has been redesigned as a r e s u l t  o f  f low modeling 
Rows o f  i n t e r l a c e d  and opposed.overf i re a i r  j e t s  are located on the 

The c a r r i e r  a i r ,  
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lower and intermediate overfire air rows. Overfire air flow rates are 
adjusted so that themajority of the flow is introduced at the rear wall 
location, where the burning is concentrated. 

while maintaining constant underfire air flow rates. Excess air rates are 
manually set to provide the desired excess O2 level. The boilers operate 
only at base load, so variations in excess air to accommodate load changes 
are not normally required. 
reports that it has not been used due to the unstable operation of the 
boilers. Excess air levels are operated higher than design in an attempt to 
keep furnace temperatures at an acceptable level and to avoid slag formation 
in the lower furnace and corrosion in the upper furnace. 

Monitors are in place which provide continuous readings of 02, CO, flue 
gas temperatures, and flue gas opacity. 
boiler outlet. 
the convective section of the boiler and between the convective section and 
the convective section of the boiler and between the generating section and 
the economizer. 
monitor readings are used for process control. 
are able to keep CO below 100 ppm (uncorrected). 

is equipped with a Belco 4-field ESP. 

are in compliance with Federal and State regulations of 0.03 gr/dscf at 
12 percent 02. 
under varying load conditions. 
range from 550 to 6200F. 
ESP’ s. 

width, connects the economizer to the ESP. 
20 feet long. 
with only about 3 feet of clearance on the ESP side, and only 8 inches on the 
furnace side. 

Adjustments to total airflows are made by changing overfire air settings 

An oxygen trim loop is available, but the plant 

Oxygen and CO are measured at the 
Flue gas temperature measurements are made at the inlet to 

Opacity is measured in the stack. None of the emission 
Occidental reported that they 

. . 

6.1.1.2 Emission Control System Desian and Ooeration. Each combustor 
Table 6.1-1 presents design and 

. operating .parameters for the ESP’s. Particulate testing indicates the units 

Extensive inlet and outlet PM emissions data are available 
Flue gas temperatures entering the ESP’s 

The air preheater i s  located downstream of the 

The ESP‘s are located inside the building. A duct, 2 feet 8 inches in 
This duct is approximately 

However, it runs vertically between the economizer and ESP 
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6.1.2 Descr iotion of Model Plant 

data for the model plant. A model plant was selected consisting of two 
1,000-tpd RDF-fired units. The model plant uses a spreader-stoker design to 
burn fluff RDF on a seven days per week, 24 hours per day operating schedule. 
The boiler configuration is a typical straight-wall design, and the stoker is 
a variable speed traveling grate. 
plant is shown in Figure 6.1-2. 

by air-swept distributors. 
the front wall of the boiler. The boilers also have 4 burners which can fire 
natural gas or fuel oil located on the rear wall. 
heat output of 105 MM Btu/hr. All 4 burners fired simultaneously can provide 
100 percent of design steam load. 

Each model boiler operates at 125 percent excess air with an 
overfire/underfire air ratio of 30/70. 
model plant development is presented in Chapter 2 of this report. 
Stoichiometric air requirements for the fuel are approximately 4.25 lb of air 
per lb of RDF. For a 1,000 tpd unit, the theoretical air requirements are 
78,700 scfm. At 125 percent excess air, the total flue gas flow from the 
unit is approximately (194,200 scfm) 182,900 dscfm. 

Typical of older RDF systems, underfire air is preheated by a 
regenerative air heater located downstream of the ESP. 
supplied beneath the traveling grate at a temperature of 35OoF through 
2 separate parallel plenums. The air plenums divide the grate laterally into 
2 separately controlled burning regions, with each region fed by 4 RDF 
distributors. 

wall and 2 rows on the rear wall. It is assumed that the overfire air 
penetration and coverage is not optimized to provide sufficient mixing. 
assumption is based on an assessment of measured emissions available for the 
group of combustors represented by this model. 

6.1.1.2 Combustor Desian an d Operation. Table 6.1-2 presents design 

The equipment arrangement of the model 

As with all 4 of the operating facilities, fuel feeding is accomplished 
The model contains 8 RDF distributors located on 

Each burner has a rated 

- 
The RDF feed composition assumed for 

Underfire air i s  

The overfire air system consists of 2 nozzle rows on the boiler front 

This 
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TABLE 6.1-2 MODEL PLANT BASELINE DATA FOR LARGE RDF-FIRED COMBUSTOR 

Combustor: 

Type 
Number o f  Combustors 
Combustor U n i t  Capacity 

Emission Controls: a 

Number o f  F ie lds  
I n l e t  Temperature 
C o l l e c t i o n  E f f i c i e n c y  
Gas Flow 
Tota l  P la te  Area 
SCA a t  392,600 acfm 

b 

Type 

Emissions: 

CDD/CDF 
PM (stack) 
co 
HC1 
so2 

Operating Data: 

Remaining P lan t  L i f e  
Annual Operating Hours 
Annual Operating Cost 

- Spreader-Stoker 
- 2  
- 1,000 tpd  

- E l e c t r o s t a t i c  P r e c i p i t a t o r  
- 4  
- 6OO0F 
- 99.8 percent - 392,600 acgm 

- 520 ft /1,000 acfm 
- 204,009 ft 

- 3.000 ng/dscF 
- 0.01 gr /dscf  
- 200 ppmv 
- 500 ppmv 
- 300 ppmv 

- - > 20 years 
- 8,000 hours 
- 422,700,000/year 

aPer combustor. 

b A l l  emiss.ions are dry, corrected t o  7 percent 02. 

' I n l e t  PM emissions t o  the ESP are 4 gr /dscf  a t  7 percent 02. 
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Figure 6.1-2. Equipment arrangement o f  the model plant. 
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The combustion c o n t r o l  system f o r  t h e  model p l a n t  i s  designed t o  
This i s  accomplished by mainta in  constant steam f l o w  o r  steam pressure. 

automatic adjustment o f  RDF feed r a t e s .  The steam f l o w  c o n t r o l l e r  sends a 
s ignal  t o  t h e  feeding system and t h e  speed o f  t h e  metering screws auto- 
m a t i c a l l y  ad jus ts  t o  change the feed r a t e  and r a i s e  o r  lower steam f l o w  t o  a 
des i red s e t  po in t .  A i r  f lows are manually set  and adjusted i n  an attempt t o  
mainta in  a r e l a t i v e l y  s t a b l e  excess a i r  l e v e l .  
continuous oxygen moni tor  loca ted  a t  t h e  economizer o u t l e t .  
temperatures are recorded i n  t h e  upper p o r t i o n  o f  t h e  r a d i a t i o n  sect ion o f  
the b o i l e r  and a t  t h e  economizer o u t l e t  l o c a t i o n .  
o u t l e t  temperature i s  60OoF. 

Table 6.0-1, 3 o f  t h e  4 p l a n t s  i n  t h i s  subcategory are equipped’wi th ESP ’s .  
The f o u r t h  p l a n t  i s  equipped with a spray dryer/Fabr ic f i l t e r .  
Occidental p l a n t  has a 4 - f i e l d  ESP w i t h  PM emissions o f  about 0.012 t o  
0.03 gr /dsc f  a t  7 percent 02.5 Test data from t h e  o ther  two ESP-equipped 
MWC’s i n d i c a t e  PM emissions o f  0.01 gr /dsc f  o r  less.  For the model p lan t ,  a 
PM emission r a t e  o f  0.01 gr /dscf  i s  assumed. 

ESP c o n t r o l l i n g  PM emissions t o  0.01 gr /dscf .  
the SCA o f  the ESP’s i s  520 f t 2 / l , 0 0 0  acfm. Tota l  p l a t e  area i s  204,100 
square fee t .  
f l u e  gas f lows from t h e  o u t l e t  o f  t h e  ESP t o  an a i r  preheater and then t o  the 
stack.  
combustor and ESP are loca ted  indoors, a h igh  access and congestion l e v e l  i s  
assumed for  r e t r o f i t t i n g  a d d i t i o n a l  APCD’s. 

i s  t y p i c a l l y  o f  o ther  l a r g e  ROF f a c i l i t i e s  being t h a t  t h e  combustors and the 
APCD’s are a lso  loca ted  indoors. 

This i s  v e r i f i e d  by a 
Flue gas 

The assumed economizer 

6.1.2.2 Emission Control  System Desian and Ooeration. As shown i n  

The - 

The model p l a n t  has 2 combustors, and each i s  equipped w i t h  a 4 - f i e l d  
A t  a gas f l o w  o f  392,600 acfm, 

An opaci ty  monitor i s  loca ted  a t  the o u t l e t  o f  the ESP. The 

F igure 6.1-3 shows a p l o t  p l a n t  o f  the model p lan t .  Because the 

This access and congestion l e v e l  

6.1.2.3 EnvironmentalBaseline. Table 6.1-2 presents basel ine emission 
data f o r  t h e  model p lan t .  
assumed t o  be 2,000 ng/dscm, cor rec ted  t o  7 percent 02. 
measured a t  t h e  e x i t  of t h e  b o i l e r .  I t  i s  assumed t h a t  t h e  ho t  ESP increases 
basel ine CDD/CDF emissions by 50 percent, so t h a t  stack concentrat ions a r e  

3,000 ng/dscm. 

Basel ine uncont ro l led  COD/CDF emission l e v e l s  are 
These values are 
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Combustor 9- I 
Building 
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Figure 6.1-3.  P l o t  p lan  f o r  the  model p l a n t .  
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RDF-fi red fact1 i ties generally exhibit higher uncontrolled particul ate 
emissions than other technologies due to the manner in which the fuel i s  
fired (semi-suspension node). This model plant is assumed to have an 
uncontrolled PM emissions of 4.0 gr/dscf, corrected to 7 percent 02. 

from the model plant are assumed to be 200 ppmv at 7 percent 02. 
HC1 and SO2 emissions are estimated to be 500 and 300 ppmv at 7 percent 02, 
respectively. 
by 9 5  percent (90 percent by weight). 
6.1.3 Good Combustio n and Exhaust Gas Temoerature C ontrol 

the performance of the model plant to a level which is representative of good 
combustion practices. The combustion retrofits address design, operation/ 
control, and verification elements of good combustion practice. - 

As a result of insufficient mixing conditions, uncontrolled CO emissions 
Uncontrolled 

It is assumed that the combustion process reduces waste volume 

The following sections describe combustion retrofits necessary to bring 

6.1.3.1 DescriDtion of Modifications 
Overfire Air Svst ems. Due to insufficient mixing conditions, the model 

plant will require a redesign to the overfire air system. The overfire air 
configuration can be established as a result of cold flow modeling studies. 
The size, location, and pressures for each row of nozzles will be established 
as a result of the study. It i s  assumed that the modeling results require a 
design that includes 2 rows of overfire air nozzles on each of the front and 
rear walls, and that the location of these rows will be different than in the 
baseline case. New nozzles locations will require modification to existing 
waterwall tubes so that new nozzles penetrations can be made. As part of the 
flow modeling studies, the location and firing patterns of the auxiliary 
burners should also be examined to determine the effects of firing auxiliary 
fuel' on overfire air patterns. 
better mixing conditions and lower emissions of trace organics and CO from 
the furnace. 

feeders, which provide more uniform distribution of RDF on the traveling 
grate and more stable burning conditions. Four separate metered feeding 
modules are required for each boiler, serving 2 RDF distributors each. 

The modified overfire air system provides 

Fuel Feedinq. The RDF feeding system is redesigned to include metered 
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Excess A i r  Levels. As  a r e s u l t  o f  the f u e l  feed.ing and combustion a i r  
mod i f i ca t ions  made to  t h e  model p lan t ,  the excess a i r  operat ing l e v e l  can 
sa fe ly  be reduced t o  80 percent. This cont r ibu tes  t o  reduct ions i n  CO and 
uncont ro l led  p a r t i c u l a t e  emissions. I n  addi t ion,  reduct ions i n  excess a i r  

ra,tes d i r e c t l y  a f f e c t  ad iabat ic  flame temperatures. 
25 percent moisture content,  flame temperatures should increase by about 
150 t o  ZOOOF. A t  80 percent excess a i r  t h e  t h e o r e t i c a l  a i r  requirements are 
reduced t o  142,000 scfm, and t o t a l  a i r  f lows from t h e  b o i l e r s  are 
158,800 scfm (147,500 dscfm). 

format ion i n  lower temperature regions o f  the MWC system, the f l u e  gas 
temperature en ter ing  the ESP must be reduced from 600 t o  45OoF. 
ductwork i s  redesigned so t h a t  f l u e  gases e x i t  t h e  b o i l e r  and are routed t o  
t h e  a i r  heater, where ava i lab le  heat i s  t r a n s f e r r e d  t o  combustion a i r  supplied 
by t h e  e x i s t i n g  fo rced-dra f t  fan. The f l u e  gases are then ducted back t o  the 
ESP i n l e t  l o c a t i o n .  
redesign. 

temperatures, t h e  mod i f i ca t ions  a t  t h e  model p l a n t  inc lude i n s t a l l a t i o n  o f  
duc t ing  and dampers t o  a l low bypass o f  up t o  100 pe'rcent o f  the combustion 
gases around t h e  a i r  heater.  This m o d i f i c a t i o n  provides t h e  operators w i t h  a 
means o f  a d j u s t i n g  t h e  operat ing temperature o f  the ESP, as needed. It i s  
assumed t h a t  t h e  system has the c a p a b i l i t y  o f  reducing ESP i n l e t  gas tempera- 
tures t o  35OoF. A t  normal operat ing condi t ions a percentage o f  the gases 
bypass the a i r  heater, and t h e  ESP i n l e t  gas temperature i s  reduced t o  45OoF. 
Determinat ion o f  the o v e r a l l  e f f e c t  o f  these f l u e  gas mod i f i ca t ions  w i l l  
r e q u i r e  a d e t a i l e d  analys is  t h a t  i s  beyond.the scope o f  t h i s  study. 
a i r  l e v e l s ,  combustion a i r  i n l e t  temperatures, f l u e  gas v e l o c i t i e s ,  and many 
o ther  f a c t o r s  w i l l  i n f luence combustor e x i t  gas temperatures. However, t h e  , 

mod i f i ca t ions  included i n  t h i s  study w i l l  a l l  c o n t r i b u t e  t o  improved emission 
performance. 

combustion Control  and Monitor inq.  The primary c o n t r o l  loop i n  the 
basel ine p l a n t  regu la tes  t h e  r a t e  of RDF feed t o  the b o i l e r  based on a 
des i red steam flow. However, the modi f ied combustion a i r . s y s t e m  w i l l  a lso 

For a waste w i t h  

ESP TemDerature. I n  order t o  minimize t h e  p o t e n t i a l  f o r  CDD/CDF 

The e x i s t i n g  

New insu la ted  ductwork i s  requ i red  as p a r t  o f  the 

I n  order  t o  prov ide f l e x i b i l i t y  w i t h  regard t o  ESP operat ing 

Excess 
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r e q u i r e  c o n t r o l  o f  a i r  f lows and d i s t r i b u t i o n ,  temperature, and other  
features.  Therefore, an automatic combustion c o n t r o l l e r  i s  i n s t a l l e d  t o  

prov ide f u l l  system c o n t r o l  and monitor ing.  Continuous CO monitors are 
i n s t a l l e d  a t  t h e  economizer o u t l e t  t o  prov ide v e r i f i c a t i o n  o f  combustion 
s t a b i l i t y .  
temperature monitors as needed t o  f u l l y  automate the system. 

completed i n  3 months wh i le  the u n i t s  remain on- l ine.  Dur ing t h i s  t ime 
engineer ing s tud ies f o r  t h e  needed mod i f i ca t ions  can be completed. 
est imated t h a t  t o t a l  downtime requ i red  t o  complete t h e  mod i f i ca t ions  i s  
2 months per  u n i t .  

combustion mod i f i ca t ions  descr ibed above, i t  i s  est imated t h a t  emissions o f  
CDD/CDF are reduced t o  1,000 ng/dscm. corrected t o  7 percent 02. 
CO emissions are reduced t o  150 ppmv on a 4-hour average. 
p a r t i c u l a t e  o r  a c i d  gas emissions can be expected due t o  t h e  mod i f i ca t ions .  

6.1.3.3 Costs. 
requ i red  combustion mod i f i ca t ions .  To ta l  c a p i t a l  cos t  est imates are 
$4,330,000 f o r  both u n i t s .  
be $1,430,000 based on a 10 percent i n t e r e s t  r a t e  and a 15-year f a c i l i t y  
l i f e .  Annual costs  are presented i n  Table 6.1-4. The t o t a l  annualized 
costs, which inc lude O&M and annualized c a p i t a l ,  are estimated t o  be 
51,690,000. 
6.1.4 Best P a r t i c u l a t e  Control  

reduce PM emissions from an i n l e t  PM loading o f  4.0 gr /dscf  t o  0.01 gr /dscf  
a t  60OOF. 
modi f i ca t ion ,  t h e  e x i s t i n g  ESP's are assumed t o  s t i l l  achieve 0.01 gr /dscf .  
This o u t l e t  PM emission l e v e l  i s  t h e  same l e v e l  requ i red  f o r  best PM cont ro l  
(0.01 gr/dscf) and thus i s  w e l l  below t h e  l e v e l  requ i red  f o r  good PM cont ro l  
(0.05 gr /dscf ) .  
compliance w i t h  e i t h e r  c o n t r o l  l e v e l .  

economizer and t h e  ESP w i l l  be rerouted t o  .the a i r  preheater such t h a t  the 

The combustion c o n t r o l  system a lso  t i e s  i n  t h e  e x i s t i n g  O2 and 

R e t r o f i t  Considerations. I t i s  est imated t h a t  modeling s tud ies can be 

It i s  

6.1.3.2 Environmental Performance. Through t h e  a p p l i c a t i o n  o f  the 

I n  addit iorr,  
No change i n  

Table 6.1-3 presents the costs requ i red  t o  complete the 

Annualized c a p i t a l  and downtime i s  est imated t o  

5.1.4.1 Descr io t ion  o f  Mod i f i ca t ions .  The ESP's f o r  t h i s  model p lan t  

Because t h e  f l u e  gas f l o w  r a t e  i s  reduced a f t e r  combustion 

Therefore, no equipment mod i f i ca t ions  are requ i red  f o r  

To cool  t h e  f l u e  gas from 600 t o  45OoF, t h e  f l u e  gas duc t ing  between the 
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TABLE 6.1-3. PLANT CAPITAL COST FOR COMBUSTION MODIFICAT!ONS 
(Two u n i t s  o f  1,000 t p d  RDF each) 

Item costs (S1,OOO) 

DIRECT COSTS: 

Flow Modeling Studies 
O v e r f i r e  A i r  Nozzles 
Metered Feeders 
Combustion Con t ro l l e r  
Automatic CO Monitors 
Ducting, Dampers, I n s u l a t i o n  f o r  

A i r  Preheater 

75 
383 

1,740 
290 
44 

352 
Tota l  2,880 

INDIRECT COSTS AND CONTINGENCY: 1,440 

TOTAL CAPITAL COSTS 4,330 

DOWNTIME COSTS 6,520 

ANNUALIZED CAPITAL RECOVERY AND DOWNTIME 1,430 



TABLE 6 .1 -4 .  PLANT ANNUAL COST FOR COMBUSTION MODIFICATIONS 
(Two u n i t s  o f  1,000 tpd RDF each) 

I tem c o s t s  ($1,000) 

DIRECT COSTS: 

Maintenance Labor 
Maintenance M a t e r i a l s  

Total  

INDIRECT COSTS: 

Overhead 
Taxes, Insurance, and Administration 
Cap i ta l  Recovery and Downtime 

Total  

28 
28 - 
56 

34 
173 

1.430 - 
1,640 

TOTAL ANNUALIZED COST 1,690 
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flue gas leaving the economizer is sent to the air preheater before going to 
the ESP. 
reduced to 450°F from the heat absorbed by the incoming combustion air. As 
shown in Figure 6.1-4, no relocation of the ID fan is required for modifying 
the air preheater. 

ft2/l,000 acfm, which is sufficient to maintain best PM control. 
additional plate area is required to achieve a PM emission level of 
0.01 gr/dscf, after the flue gas is cooled to 45OOF. 

same before and after cooling of the flue gas. 
gases are equal to concentrations at the combustor exit. 

option, because the existing ESP can achieve the best particulate control 
level without incurring additional costs. 
6.1.5 Good Acid Gas Control 

control, dry sorbent will be injected into the combustor through existing 
overfire air ports. Duct sorbent injection was not considered because of 
limited space between the economizer and the ESP. 
injection includes 2 storage silos (1 for each combustor), a pneumatic 
sorbent transport system, 4 sorbent feed bins (2 for each combustor), and 
4 pneumatic sorbent injection nozzles (2 for each combustor). Hydrated lime 
sorbent will be fed at a calcium-to-acid gas molar ratio of 2:l. At full 
load, a sorbent injection rate of 1,610 lb/hr is required for each combustor 
with and without good combustion practices. Reduction in HCl and SO2 are 
estimated at 80 and 40 percent, respectively. 

provide flue gas cooling to 35OoF. 
operated at 35OoF. The SCA of 680 ft2/l,000 acfm at 35OoF for the existing 
ESP is more than adequate for removing the injected sorbent during baseline 
and good combustion conditions. Therefore, the existing ESP will not require 
additional plate area to reduce PM emissions to 0.01 gr/dscf. 

The monitors will be located at the outlet of the existing ESP. 

The flue gas temperature at the outlet of the air preheater will be 

The existing opacity monitor can also be used. 
Cooling of the flue gas to 45OoF will increase the SCA from 520 to 606 

No 

6.1.4.2 Environmental Performance. PM emissions are assumed to be the 
Emissions of CDD/CDF and acid 

6.1.4.3 Costs. No additional costs are required for this control - 

6.1.5.1 Descriotion of Modification. For good acid gas and CDD/CDF 

New equipment for sorbent 

The air preheater will be modified as discussed in Section 6.1.3.1 to 
The existing ESP will be reused and be 

The project also includes monitoring equipment for HC1, SO2, and 02. 
Installation 
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Figure 6.1-4. Plot plan o f  temperature control equipment arrangement. 
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of the dry sorbent injection equipment will not require relocation of the ID 
fan. 
3 months per combustor. 

expected to be reduced by 92 percent. 
estimated at 50 percent for HC1 and 50 percent for SO2, respectively. A s  
noted above, PM emissions would be 0.01 gr/dscf. An additional 
16,400 tons/year of waste (sorbent) will be added to the baseline waste 
disposal requirements for the plant. 

are presented in Table 6.1-5 for baseline and good combustion practices. 
Total capital costs are 52,770,OO and $2,240,000 for baseline and good 
combustion, respectively. Included in the total capital costs for base1 ine 
combustion is the costs to modify the air preheater for temperature control. - 
This cost estimate assumes a 10 percent increase in sorbent injection 
equipment costs. 

in Table 6.1-6. 
solid waste disposal. 
downtime. 
are $3,600,000 and $3,510,000, respectively. 

Figure 6.1-5 shows the retrofit changes. Downtime is expected to be 

6.1.5.2 Environmental Performance. Total CDD/CDF emissions are 
Acid gas emission reductions are 

6.1.5.3 Costs. Capital cost requirements for dry sorbent injection 

Annual O&M and indirect costs for both combustion practices are presented 
Major direct operating costs are associated with lime and 

The largest annualized cost is capital recovery and 
The total annualized costs for the baseline and good combustion 

6.1.6 Best Acid Gas Con trol 
6.1.6.1 pescriDtion o f  Modifications. To achieve greater reductions 

of CDD/CDF, SO2, and HCl, a new spray dryer/fabric filter system will be 
installed on each combustor. The spray dryer/fabric filter will be located 
outside the building near the stack. Flue gas from the combustor will be . 
bypassed around the existing ESP and sent to the air preheater before going 
to the spray dryer and fabric filter. 
the flue gas to 45OoF as discussed in Section 6.1.3.1 as well as provide 
preheated combustion air to the boilers. The existing ESP will not be 
demolished. 
the spray dryer and fabric filter to the stack. 

calcium-to-acid gas molar ratio. 

The air preheater will be used to cool 

A total of 200 feet of new duct will be installed for connecting 

Lime slurry will be introduced in each spray dryer at a 2.5:l 
Water rates in the lime slurry of 109 and 
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Figure 6.1-5. Plot plan of dry sorbent injection retrofit 
equipment arrangement. 
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TABLE 6 .1 -5 .  PLANT CAPITAL COST FOR DRY SORBENT INJECTION WITH ADDITION 
OF ESP PLATE AREA (Two u n i t s  o f  1,000 tpd  RDF each) 

costs  (S1,OOO) 
Basel ine Good 

Combustion Combustion 
I tem Pract ices Pract ices 

DIRECT COSTS: 

Equipment 
Access/Congestion Cost 

Equipment 

Acid Gas Control  

P a r t i c u l a t e  and Temperature Control 

. Access/Congestion Cost 

New Flue Gas Duct ing 
Duct ing Cost 
Access/Congestion Cost 

Other Equipment 
Stacks 
A i r  Preheater Mod i f i ca t ions  

Tota l  

I n d i r e c t  Costs & Contingencies 

Moni tor ing Equi pment 

TOTAL CAPITAL COST 

DOWNTIME COSTS 

788 
78 

0 
0 

0 
0 

0 
352 
1,220 

1,040 

514 

2,770 

9,780 

788 
78 

0 
0 

- 
0 
0 

- % 
866 

862 

514 

2,240 

9,780 

ANNUALIZED CAPITAL RECOVERY 
AND DOWNTIME 1,650 1,580 

aTurn key. 

bCost f o r  a i r  preheater mod i f i ca t ions  are included i n  combustion 
m o d i f i c a t i o n  costs (see Table 6 . 1 - 3 ) .  
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TABLE 6.1-6. PLANT ANNUAL COST FOR DRY SORBENT INJECTION WITH ADDITION 
OF ESP PLATE AREA (Two u n i t s  o f  1,000 t p d  RDF each) 

~~ 

I tem 

cos ts  (S1.000) 
Basel i n e  Good 
Combustion Combustion 
Pract ices Pract ices 

DIRECT COSTS: 

Operating Labor 
Supervis ion 
Maintenance Labor 
Maintenance M a t e r i a l s  
E l e c t r i c i t y  
Water 
Lime 
Waste Disposal 
Monitors 

48 
14 
13 
43 
2% 
0 

1,030 
411 

206 
Tota l  1.790 

71 Overhead 
Taxes, Insurance, and Admin is t ra t ion  90 
Cap i ta l  Recovery and Downtime 1.650 

Total  1,810 

TOTAL ANNUALIZED COST 3,600 

INDIRECT COSTS: 

4% 
14 
13 
43 

0 
1,030 

28 

411 - - 
206 

1,790 

71' 
69 

1.580 
1,720 

3,510 
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87 gpm will be required to cool the flue gas to 3OO0F for each combustor 
during baseline and good combustion practices, respectively. 

The location o f t h e  lime receiving, storage, and slurry area which will 
serve the spray dryers is near the spray dryer. A fabric filter with 73,900 
and 60,400 effective square feet of cloth (net air-to-cloth ratio of 4:l) 
will be installed following each spray dryer during baseline and good 
combustion, respectively. The increased pressure drop of a fabric filter 
over an ESP will require a new ID fan for each unit as well. New monitoring 
instruments for HC1, SO2, and, O2 will be installed at both the inlet to the 
spray dryer and the outlet of the fabric filter. 
will be installed at the outlet of the fabric filter. The proposed equipment 
layout is shown in Figure 6.1-6. 

decrease to 20 ng/dscm without combustion modifications and 10 ng/dscm with 
combustion modifications. Emissions of PM will be at 0.01 gr/dscf. Acid 
gases will be reduced 90 percent for SO2 and 97 percent for HC1. 
will be increased relative to baseline amounts by 7,280 tons per year per 
combustor or 14,600 tons per year for the plant. 

6.1.6.3 Q&. Capital cost requirements for installing spray 
dryer/fabric filter systems are presented in Table 6.1-7 for both combustion 
practices. Total capital costs are estimated at $33,600,000 and $29,700,000 
for baseline and good combustion, respectively and include purchase equipment, 
installation, and indirect costs such as engineering and contingencies. 
Estimates assume high access and congestion, 200 feet of new ductwork, and 
new ID fans. 

Significant direct operating expenses include maintenance materials and 
electricity for the larger ID fan needed due to increased pressure drop 
access in the fabric filter. Total annualized costs are $11,900,000 and 
$11,000,000 for baseline and good combustion, respectively. 
6.1.7 Summarv o f  C ontrol Ootions 

described in the previous sections have been combined into seven retrofit 

Also, an opacity monitor 

Downtime is expected to be 6'months. 
6.1.6.2 Environmental Performance. CDD/CDF emissions are expected to 

- 
Solid waste 

Annual costs are presented in Table 6.1-8 for both combustion conditions. 

6.1.7.1 Descriotion of Control Costs. The control technologies 
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Figure 6.1-6. Plot plan of spray dryer/fabrlc filter retrofit 
equipment arrangement. 
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TABLE 6.1-7. PLANT CAPITAL COST FOR SPRAY DRYER WITH FABRIC FILTER 
(Two u n i t s  o f  1,000 t p d  RDF each) 

costs (Sl,OOO) 
Easel i ne Good 

Combusti on Combustion 
I tem Pract ices Pract ices 

DIRECT COSTS: 

Equipment 
Access/Congestion Cost 

Ducting Cost 
Access/Congestion Cost 

Fans 
Stacks 
A i r  Preheater Mod i f i ca t ions  

Ac id  Gas Contro la  

New Flue Gas Ductinga 

. Other Equipment 

13,000 11,700 
5,470 4,980 

360 326 
151 136 

1,340 1,100 
0 

352 

Total  20,700 18,200 

. I n d i r e c t  Costs 6,820 6,020 

Contingency 

Moni tor ing Equipment 

TOTAL CAPITAL COSTS 

DOWNTIHE COSTS 

b 

ANNUALIZED CAPITAL RECOVERY AND 
DOWNTIHE 

5,480. 4,850 

573 573 

33,600, 29,700 

19,600 19,600 

6,990 6,480 

aBased on h igh  access/congestion. 

bTurn key. 

‘Costs f o r  a i r  preheater mod i f i ca t ions  are included i n  t h e  combustor 
mod i f i ca t i on  costs  (see Table 6.1-3). 
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TABLE 6.1-8. PLANT ANNUAL COST FOR SPRAY DRYER WITH FABRIC FILTER 
(Two units o f  1,000 tpd RDF each) 

costs ($1.000) 
Baseline Good 
Combust ion Combustion 

Item Practices Practices 

DIRECT COSTS: 

Operating Labor 
Supervision 
Maintenance Labor 
Maintenance Materials 
Electricity 
Compressed Air 
Water 
Lime 
Waste Disposal 
Monitors 

746 611 
109 89 
26 21 

853 852 
548 547 - 

215 215 
Total. 3,260 3,020 

INDIRECT COSTS 

Overhead 342 317 
Taxes, Insurance, and Administration 1,320 1,160 

Total 8,650 7,960 
Capital Recovery and Downtime 6.990 &&&I 

TOTAL ANNUALIZED COSTS 11,900 11,000 

‘Includes bag replacement costs o f  $192,000. 

bIncludes bag replacement costs o f  $157,000. 
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emission control options. Table 6.1-9 sumarizes the combustion, particulate 
control, and acid gas control technologies described in Sections 6.1.3 
through 6.1.6 that were combined for each of the control options described in 
Section 3.0. 
good PM control at baseline, Options 1, 2, and 3 are identical. 

option is summarized in Table 6.1-10. 
both the pollutant concentrations and annual emissions. 
reductions in acid gases, particulate matter, and COO/COF all are arrived 
with the spray dryerlfabric filter system. The next most effective control 
for all these pollutants is the dry sorbent injection. 
technologies increases the base1 ine sol id waste disposal between 15 and 
17 percent. 
25 percent. - 

6.1.7.3 The total annualized cost of each option is presented 
in Table 6.1-11. 
annualized cost basis) is the spray dryer/fabric filter installation at 
$11,800,000. 
Option 1. Annualized costs for Option 6 are higher than these after 
Option 7, because the cost associated with the increase in the flue gas flow 
rate for Option 6 be higher than the increase in cost of Option 7 due to 
combustion modification. Overall, both capital and annualized costs are 
higher for higher levels of control. 

6.1.7.5 Enerav Imoacts. Table 6.1-12 presents a summary of the energy 
impacts associated with the control options. The energy use figures are 
incremental use. The spray dryer with fabric filter options consume the most 
electricity. The electricity consumed by Options 6 and 7 is 10,600 and 
7,710 MWh/yr, respectively. There is no increase in auxiliary fuel use 
because auxiliary burners are already in place on the model plant and burn 
the same amount of fuel under baseline and the other control options. 

It should be noted that since the model plant already achieves 

6.1.7.2 Environmental Performance. The performance of each control 
For each pollutant, the table presents 

The greatest 

Both sorbent addition 

Combustion modifications reduced baseline CO emissions by 

w. 
The most expensive control option (Option 6 on an 

This cost is roughly a factor of 7 higher than the costs for 
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TABLE 6.1-12. PLANT TOTAL ENERGY IMPACTS FOR CONTROL OPTIONSa 

E l e c t r i c a l  Use Gas Use 
Option ( M W y r )  ( Btu/yr) 

1 0 0 

2 0 0 

3 0 0 

4 615 0 

615 

16.200b 

0 
- 

0 

7 13, 300b 0 

aIncrease from base1 i n e  consumption. 

bTotal e l e c t r i c a l  use excludes the e l e c t r i c a l  savings o f  not operat ing the 
e x i s t i n g  ESP’s.  

6-39 



6.2 SMALL RDF-FIRED COMBUSTOR 
This  sec t ion  presents case s tudy r e s u l t s  f o r  small  RDF-fired MWC 

f a c i l i t i e s  ( i n d i v i d u a l  u n i t  s i z e  l e s s  than 600 tpd).  As  sho1:iill i n  
Table 6.0-1, 8 e x i s t i n g  f a c i l i t i e s  are represented by t h i s  s ihcategsry.  
Sect ion 6.2.1 presents a d e s c r i p t i o n  o f  the Albany, NY f a c i l i t y ,  which was 
v i s i t e d  t o  gather  in fo rmat ion  f o r  model development. 
a d e s c r i p t i o n  o f  t h e  model p lan t ,  i n c l u d i n g  basel ine design and performance 
assumptions. Sect ion 6.2.3 t o  6.2.6 d e t a i l  t h e  r e t r o f i t  requirements, 
est imated performance, and costs associated w i t h  each r e t r o f i t  opt ion.  
Sect ion 6.2.7 presents a summary o f  t h e  c o n t r o l  options, which are discussed 
i n  more d e t a i l  i n  Sect ion 3.0 o f  t h i s  repor t .  
6.2.1 Descr iDt ion o f  the Albanv. NY RDF-Fired F a c i l i t y  

cons is ts  o f  2 component p lan ts :  

Sect ion 6.2.2 presents 

4 

The Albany New York S o l i d  Waste Energy Recovery System (ANSVERS) 

o RDF product ion p l a n t  owned 
under c o n t r a c t  by AENCO, and 

Sheridan Avenue steam p l a n t  designed, owned, and operated by New 
York O f f i c e  o f  General Services. 

The RDF processing p l a n t  i s  remotely loca ted  f r o m  the steam p lan t ,  because 
o f  space l i m i t a t i o n s  a t  t h e  steam p lan t .  
l e s s  than an acre o f  land  so t h a t  l i m i t e d  space i s  a v a i l a b l e  f o r  d e l i v e r y  
and storage. 

cons is ts  o f  2 i d e n t i c a l  waterwal l  combustors ( b o i l e r  and f i r i n g  system) 
suppl ied by Zurn. 
p l a n t  capac i ty  600 tpd). 
Normal f i r i n g  r a t e  was repor ted t o  be about 500 tpd. The lower f i r i n g  r a t e  
i s  the r e s u l t  o f  l i m i t e d  steam demands and b o i l e r / s t o k e r  s i z e  l i m i t a t i o n s  
which w i l l  be discussed below. Maximum operat ing capaci ty  was repor ted t o  

be about 640 t o  660 tpd. 
f o r  t h e  downtime Albany (Empire S ta te  Plaza) area. Steam generat ing 
c a p a c i t i e s  are 100,000 l b / h r  o f  250 p s i g  steam a t  45OoF. 
7 days/week and 24 hours/day. 

the C i t y  o f  Albany and operated 

o 

The steam p l a n t  i s  s i tua ted  on 

The Albany Sheridan Avenue RDF-fired p l a n t  began operat ion i n  1981. It 

Each combustor has a r a t e d  capaci ty  o f  300 tpd  RDF ( t o t a l  
P lant  design data are shown i n  Table 6.2-1. 

Steam i s  produced f o r  d i s t r i c t  heat ing arrd coo l ing  

The p l a n t  operates 
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TABLE 6.2-1. ALBANY DESIGN DATA 

Combustor: 

Type 
Number of Combustors 
Combustor Unit Capacity 
Plant Capacity 

Emission Controls: 

Type 
Number of Precipitators 
Manufacturer 
Number of Fields 
Inlet design particulate loading 
Operating Temperature 
Design Collection Efficiency 
Controlled PM Emissions 
Gas Flow 

- Straight Wall Spreader-Stoker 
- 2  
- 300 tpd 
- 600 tpd 

- Electrostatic Precipitator 
- 2 (one per combustor) 
- Precipitair 
- 3  
- 3.0 gr/dsc$ at 12% C02 
- :OO t o  450 F 
- 99 percent 
- 0.03 gr/dscf at 12% C02 
- 134,000 acfm 

- 
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6 .2 .1 .1  Combustor Desian and O w r a t i o n .  The C i t y  c o l l e c t s  MSW and 
processes RDF t h a t  i s  s o l d  t o  t h e  steam p l a n t  based on the c u r r e n t  p r i c e  o f  
o i l .  According t a  the cont rac t  w i t h  t h e  State, t h e  C i t y  o f  Albany i s  pa id 
63.3 percent o f  t h e  cost  o f  o i l  r e q u i r e d  t o  produce the same q u a n t i t y  o f  
steam as i s  a c t u a l l y  produced by f i r i n g  RDF. The heat ing value o f  RDF was 

measured i n  t e s t s  performed by Ral tech Laborator ies i n  S t .  Louis i n  1980, 
and was repor ted  t o  be between 4,500 and 4,600 Btu/ lb.  

The RDF produced a t  Albany i s  a coarse f l u f f  RDF. 
processing cons is ts  o f  two 1,500 hp d i e s e l  powered shear shredders w i t h  
50 tons/hour capac i ty  (each) 'and magnetic separators. 
s i z e  d i s t r i b u t i o n  o f  t h e  RDF i s  96.5 percent o f  t h e  p a r t i c l e s  less  than 2 by 
2 inches. 
i n t o  a storage p i t .  An overhead crane t r a n s f e r s  RDF from the dumping 
s t a t i o n  t o  a l i v e  center  surge b in ,  where i t  i s  metered i n t o  separate chutes 
t h a t  feed t h e  combustors. 
meteri 'ng screws. There are 2 ai r -swept  RDF d i s t r i b u t o r s  per combustor. A 
d e f l e c t i o n  p l a t e  i n  t h e  d i s t r i b u t o r  c o n t r o l s  the t r a j e c t o r y  o f  t h e  f u e l  and 
attempts t o  spread t h e  RDF evenly from f r o n t  t o  r e a r  on t h e  grate.  
personnel est imate t h a t  40 t o  50 percent o f  t h e  RDF burns i n  suspension. 

f i r e d  RDF systems, .a  s i n g l e  t r a v e l i n g  g r a t e  moves-from the r e a r ' t o  the f r o n t  
o f  each combustor a t  a f i x e d  speed. Te lev is ion  cameras view across t h e  
discharge end o f  t h e  g r a t e  t o  a l l o w  observat ion o f  f u e l  burnout. ' I f  burning 
i s  occur r ing  a t  t h e  end o f  the grate,  t h e  r a t e  o f  f u e l  feeding i s  reduced. 
The l e n g t h  o f  t h e  t r a v e l i n g  g r a t e  i s  approximately 19 f e e t .  
burnout o f  waste on t h e  grate,  t h e  p l a n t  manager estimates t h a t  t h e  gra te  i s  
approximately 30 percent too  short .  The single-speed stoker  could 
accommodate burn out a t  design load i f  the gra te  was longer  o r  i f  the speed 
could be reduced. Current ly,  however, the f i r i n g  r a t e s  cannot 'be increased. 
t o  a c h i e w t h e  design load. 
equipment i s  provided i n  F igure 6.2-1. 

Each b o i l e r  inc ludes 2 rows o f  o v e r f i r e  a i r  nozzles on t h e  b o i l e r  f r o n t  wa l l  
and 2 rows of nozzles on t h e  r e a r  w a l l .  On t h e  f r o n t  wa l l ,  1 row o f  nozzles 

The f ron t -end 

The t y p i c a l  p a r t i c l e  

Trucks d e l i v e r  the RDF t o  the steam generating p l a n t  and dump i t  

The surge b i n  contains 8 v e r t i c a l  and 2 hor izon ta l  

P lant  

' Both o f  t h e  combustion t r a i n s  :re i d e n t i c a l .  Typical  o f  suspension- 

Based on 

A p r o f i l e  o f  t h e  b o i l e r  and gas cleaning 

Under f i re  a i r  i s  suppl ied through a s i n g l e  plenum beneath the grate.  
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is located about 3 feet above the RDF distributor and the other is 
approximately 25 feet above the distributor. 
located at the level of the distributors and the other is approximately 20 
feet above the distributor. 
be operated at 50 percent excess air, but the actual operating rate is 
between 80 and 100 percent excess air with no overfire air. 
excess air levels are higher than design to improve boiler stability and to 
minimize CO emissions. 
50 percent excess air. 
both combustors in the near future. This decision was based on results from 
a number of tests including PM emission levels and continuous gas monitoring 
under varying overfire air operating conditions. The Plant Manager stated 
that the lowest CO levels were achieved when overfire air was off. 

The boilers are equipped with auxiliary fuel burners which can fire 
fuel oil or natural gas. 
sidewall erosion have been encountered when oil is fired. The auxiliary 
fuel burners are located on the lower rear wall of the boilers about 5 feet 
above the RDF distributors. Each unit contains 3 burners with a combined 
heat output of 85 percent of load capacity (approximately 106 MM Btu/hr). 
The burners are fired during start-up to achieve steam pressure and 
temperature. 
bringing the ESP’s on line. 
9 hours before RDF feeding begins. One boiler is brought off line each week 
from midnight on Friday until midnight on Saturday. 
there have been only 2 unscheduled outages in 7 years of operation. 

auxiliary burners, problems with the RDF plugging the ignition and air doors 
have been encountered. The steam plant i s  considering changing the location 
of the auxiliary burners to the front wall of the combustor at a different 
elevation. 

Combustor temperatures were originally measured by 1 thermocouple 
located just below the nose in the rear waterwall. 
temperatures at this location, the thermocouple had a short life. 
plans to replace this thermocouple with 3 thermocouples. 

On the rear wall, 1 row is 

The operating permit specifies that the system 

The actual 

Operating instability reportedly results at 
Plans are underway to remove the overfire air from 

Gas is preferred over oil, because problems with 

Approximately 4 hours of gas firing are required prior to 
Auxiliary fuel is normally fired for 8 to 

The plant reports that 

Since the RDF distributors are located on the opposite wall from the 

Because of the extreme 
The plant 

The 3 thermocouples 
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are t o  be loca ted  i n  a row on t h e  back w a l l  h igher up i n  t h e  combustor. The 
recorded temperature w i l l  be an average o f  the 3 thermocouple values. 

A number o f  a d d i t i o n a l  design features are being a l t e r e d  i n  each o f  the 
combustors. 
steam-coi l  preheater, bu t  t h i s  p r a c t i c e  has been stopped. Stack gas 
temperatures have hence been reduced f r o m  5OO0F t o  45OoF. The lower 7 fee t  
o f  t h e  furnaces were o r i g i n a l l y  l i n e d  w i t h  s i l i c o n  carb ide r e f r a c t o r y ,  bu t  
t h i s  has been removed due t o  excessive b u i l d  up o f  s lag on t h e  w a l l s  which 
requ i red  removal by spikes and sledge hammers. Another f a c t o r  c o n t r i b u t i n g  
t o  s lagging was the p r a c t i c e  o f  r e i n j e c t i n g  economizer f l y  ash i n t o  the 
furnace. 
mately 36 inches above the grate,  and i t  was migra t ing  t o  the s ide wa l l  and 
slagging. The i n j e c t i o n  a lso  caused a sandblasting e f f e c t  on the waterwall  
tubes. I n  an e f f o r t  t o  minimize these erosion problems t h i s  p r a c t i c e  was 
discont inued. - 

Continuous gas moni tor ing f o r  CO and O2 takes p lace a t  t h e  b o i l e r  e x i t .  
B o i l e r  c o n t r o l s  inc lude a i r  f lows which are automat ica l ly  adjusted based on 
steam f low. As mentioned above, t h e  s toker  i s  a single-speed type. RDF 
feeding can be adjusted automat ica l ly  baszd on steam f low and temperature o r  
var ied  manually by ad jus t ing  t h e  surge b i n  hor izon ta l  screw. speeds. The 
p l a n t  attempts t o  keep minimum b o i l e r  loads a t  70 percent o f  r a t e d  capaci ty;  
b o i l e r  s t a b i l i t y  becomes a problem when load i s  reduced to. between 50 and 
60 percent.  
There are 6 combination gas/o i l  f i r e d  b o i l e r s  adjacent t o  the RDF u n i t s  t o  
p i c k  up load swings as necessary when t h e  waste- f i red combustors are down 
f o r  scheduled maintenance. These b o i l e r s  a lso  can be operated dur ing  low 
steam demands. 

c o n t r o l l e d  by two 3 - f i e l d  ESP's. Table 6.2-1 presents the design data f o r  
t h e  ESP's b u i l t  by P r e c i p i t a i r  and i n  use s ince the p l a n t  began operat ion.  
The ESP's are l o c a t e d  i n s i d e  o f  t h e  b u i l d i n g .  No major r e b u i l d s  have ever 

been performed on them. 
a v a i l a b l e  f r o m ' t h e  P lan t  Manager a t '  t h e  t ime o f  the v i s i t .  

For example, the u n d e r f i r e  a i r  was o r i g i n a l l y  preheated by a 

Th is  mater ia l  was being i n j e c t e d  through 3/4-inch tubes approxi-  

Burn a u t  i s  acceptable based on v isua l  inspect ions o f  t h e  ash. 

6.2.1.2 Emission Control Svstem Desiqn and Ooeration. Emissions are 

L i t t l e  d e t a i l e d  in format ion about the ESP's was 
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The ESP's typically operate with an inlet temperature of about 400 to 
4 5 O o F .  Operating parameters recorded during the visit included: 

Primary Yo1 tage - 150 to 200 Volts AC 

Precipitator Voltage - 30 kV 
Primary Current - 1 to 20 Amps AC 

The permit PM emission limit for the plant is 0.03 gr/dscf corrected to 
12 percent C02. Measured PM emissions ranged widely from 0.02 to 
0.34 gr/dscf corrected to 70 percent 02. Continuous opacity, SO2, and NO, 
monitors are located in the stack. 
Emissions data available from 1 test in which RDF was the only fuel had HCl 
and SO2 emissions at the stack of 50 and 225 ppm, corrected to 7 percent 02. 
CDD/CDF emissions during a single test series were 578 ng/Nm corrected to 
12 percent C02. 
11 percent, as measured by the opacity monitor. 

Fly ash and bottom ash are currently combined for co-disposal in a 
landfill. There were numerous problems with the original ash handling 
equipment which have resulted in a redesign of this portion of the plant. 
Fly ash is currently conveyed to a separate truck loading area. The newly 
designed ash handling system will start up sometime in the summer of 1988. 
Total ash is estimated to be betxeen 23 and 28 percent by weight of the 
incoming RDF. 
6.2.2 Descriotion of Model Plant 

(unit size less than 600 tpd). The oldest facilities in the group began 
operating in 1979. 
in the last year: Red Wing, MN and Mankato, MN are converted coal-fired 
stoker units; 
Portsmouth, VA co-fires RDF and coal. The Columbus facility commenced 
operation in 1983, co-firing ROF and coal in its 6 boilers. 
practice is to fire the fuels separately, using coal only as needed during 
ROF shortages or during peak steam demands. 
the model plant developed to represent the facilities in this category. 

data for the model plant. 

A single stack serves both boilers. 

3 

During the visit, stack opacity was observed to be 9 to 

' 

There are 9 facilities firing RDF in small spreader-stoker boilers 

Five of the 9 facilities have begun full-scale operation 

Biddeford, ME and Penobscot. ME co-fire wood with RDF; and 

Current 

The following sections describe 

6.2.2.1 Combustor Desiqn and Ooeration. Table 6.2-2 presents design 
The model plant configuration consists of two 
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TABLE 6.2-2 MODEL PLANT BASELINE DATA FOR SMALL RDF-FIRED COMBUSTOR 

Combustor: 

Type 
Number o f  Combustors . 
Combustor U n i t  Capacity 
P lan t  Capacity 
Excess A i r  

Emission Controls:  

- S t r a i g h t  Wall Spreader-Stoker 
- 2  
- 300 t p d  
- 600 tpd  
- 80 percent 

Type - E l e c t r o s t a t i c  P r e c i p i t a t o r  
Number o f  P r e c i p i t a t o r s  
Number o f  F i e l d s  

C o l l e c t i o n  E f f i c i e n c y  - 99.8 percent 
Gas Flow - 82,800 acfm 

- 2, one per  combustor 
- 4 edch 

I n l e t  Temperature - 450 F 

Tota l  P l a t e  Area - 39,600 f t  
. SCA a t  82,800 acfm and 45OoF - 478 

Emi ss i ons : a 

CDD/CDF ( t e t r a  - octa)  
PM (s tack)  
co 
HC1 
s02 

Stack Parameters: 

Height 
Diameter 

- 2000 ng/dscmb 
- 0.01 gr /dscf  
- 200 ppmv 
- 500 ppmv 
- 300 ppmv 

- 200 f e e t  
- 8 fee t  

Operating Data: 

Remaining P lan t  L i f e  
Annual Operating Hours - 8,000 hours 

- - > 20 years 

Annual Operat ing Cost - 512,200,000 

a A l l  emissions are  dry ,  cor rec ted  t o  7 pgrcent 02. 

b In le t  PM emissions t o  the  ESP are 4.0 g r /dsc f  a t  7 percent 02. 

Standard and Normal 
cond i t ions  are both 1 atmosphere and 70 F .  
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300-tpd boilers, each firing 100 percent RDF. 
consist of 2 individual boilers; there are 3, 4, and 6 boilers at Akron, 
Portsmouth and Columbus, respectively. 
with the exception of the 500 tpd boilers at Portsmouth. 
of the newer Biddeford boiler, which uses a pinched-wall lower furnace 
design, all o f  the boilers in the population are straight-wall designs. 
Therefore, the model plant configuration includes 2 straight-wall boilers. 
All of the facilities utilize a traveling grate with a single underfire air 
plenum. This design feature is also included in the model plant. Typical 
of all existing facilities, fuel feeding is accomplished by air-swept 
distributors. The number of distributors varies with unit capacity. For 
example, the 300 tpd boilers at Albany include 2 distributors per unit, and 
the 1,000 tpd boilers at Niagara Falls have 8 distributors each. Each of 
the 300 tpd units in the model plant is assumed to have 2 individual 
distributors located on the boiler front wall. - 

Underfire air and overfire air are generally preheated prior to 
injection into the combustion chamber. Based on an assessment of available 
information from existing facilities included i n  this category, it is 
assumed that a tubular air heater is used, and that it is located upstream 
of the flue gas cleaning equipment. 
are assumed to be 350°F entering the furnace, and flue gas temperatures 
exiting the air heater are 45OoF. The boiler is assumed to operate at 
80 percent excess air, with 70 percent of the total air supplied as under- 
fire air. 
80 percent excess air, total combustion air requirements are 42,500 scfm, 
with 29,750 scfm as underfire air. 
approximately 82,800 acfm. 

due to the potential for interruption in RDF feeding. 
the model boilers have two combination gas/oil burners located on the rear 
wall above the traveling grate. The burners have the ability to carry 
100 percent of the boiler’s design steam load. Some of the facilities in 
this group of plants have in the past injected captured economizer ash back 
into the combustion chamber of the boiler. 

Five of the 9 existing plants 

Unit sizes vary from 60 to 400 tpd, 
With the exception 

Underfire and overfire air temperatures 

The remaining 30 percent is supplied as overfire air. At 

Total gas flow at the preheater is 

All RDF boilers have auxiliary fuel firing capacity. This is necessary 
It is assumed that 

This practice has largely been 
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discontinued due to waterwall tube erosion and slagging problems. A s  a 
result, this design feature has not been included in the model plant. 

automatic control of fuel feed rates to maintain desired steam flow or 
pressures. 
plant. 
adjusted manually in response to temperature and excess oxygen readings in 
each unit. 
furnace and at the economizer outlet, and that a continuous oxygen monitor 
is located at the economizer outlet. 

Table 6.0-1, 8 of the 9 plants in this subcategory are equipped with ESP's. 
The Albany plant has a 3-field ESP on each combustor with PM emissions 
ranging from 0.02 to 0.34 gr/dscf at 7 percent 02. M o s t  existing plants are 
equipped with 4-field ESP's. Therefore, the model plant is equipped with - 
4-field ESP's controlling PM emissions to 0.01 gr/dscf at 7 percent 02. 
Emissions data show that 4-field ESP's are capable of achieving PM emissions 
of 0.01 gr/dscf for this type of facility. 

A tubular air preheater is located upstream of the ESP to provide 
preheated combustion air while cooling the flue gas to 45OoF. 
combustor is connected to its own stack. Because the combustors, air 
preheaters, and ESP's are located indoors, a high access and congestion 
level is assumed for APCD retrofitting. A plot plan of the model plant is 
shown in Figure 6.2-2. 

This value is lower than the 23 to 28 percent observed at Albany, but is 
considered to be more representative o f  the RDF population. A considerable 
amount of metal (wire, etc.) goes through the RDF processing plant at Albany 
and ends up in the waste feed. 

6.2.2.3 Environmental Baseline. Table 6.2-2 presents baseline 
emission data for the model plant based on an assessment of available 
measured emissions data. 
O2 at the economizer outlet. 
2,000 ng/dscm. Uncontrolled particulate emissions are 4.0 gr/dscf 

The most common combustion control loop in an RDF-fired plant utilizes 

This feature is included in the control system for the model 
It is assumed that the combustion air flows and grate speed are 

It is assumed that temperatures are measured in the upper 

6.2.2.2 Emission Control Svstem Desian and Ooeration. As shown in 

Each 

Total ash is assumed to be 10 percent of the incoming RDF by weight. 

All emission estimates are corrected to 7 percent 
Baseline uncontrolled COO/CDF emissions are 
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Figure 6 .2-2 .  P l o t  Plan o f  Model P lant  
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and CO emissions are 200 ppmv. Uncontrolled i(C1 and SO2 emissions are 
assumed to be 500 ppmv and 300 ppmv, respectively. 
6.2.3 Good Combustion Control 

performance of the model plant to a level representing good combustion 
practice. The retrofits address design, operation control, and verification 
elements of good combustion practices. 

The following sections describe retrofits ne:essary to bring the 

6.2.3.1 Descriotion of Modifications 
Overfire Air Svstem. The baseline CDD/CDF and CO emissions indicate 

that flue gas mixing conditions are not optimized in the system, and that 
some redesign is necessary. Flow modeling studies can be used to establish 
the optimum overfire air firing pattern. For this model plant, it is 
assumed that the new overfire air design includes four rows of overfire air 
nozzles which are designed to provide 40 percent of the total combustion 
air. New supply headers are equipped with pressure sensors to verify 
pressures from which velocities and nozzle penetrations can be calculated. 

It i s  assumed that the existing overfire air fan has sufficient load 
capacity to supply 40 percent of the total combustion air (17,000 dscfm). 
Actual overfire air flow rates are assumed to be 30 percent of total air 
(12,800 dscfm). The radiation sections of the boiler are assumed to be 
membrane wall construction. It is assumed that the overfire air nozzle 
sizes and pressures require modification, and that some waterwall tube 
realignment is required. Lastly, as part of flow modeling, the effects of 
auxiliary fuel firing on mixing patterns should be examined. Verification 
of mixing conditions and final adjustment of overfire air nozzle settings 
can be established by CO profiling studies. 

Fuel Feedinq. RDF-fired boilers use fuel feed rate as the primary 
control variable to maintain desired steam flows. It is essential that the 
feeding system be designed to provide a relatively constant feed rate to the 
combustor. The distribution of fuel on the traveling grate is also an 
important operating parameter for maintaining stable combustion conditions. 
Because the grate is supplied with underfire air from a single plenum, 
uneven waste distributions and inconsistent bed densities will result in 
channeling of underfire air through less dense portions of the fuel bed. 

- 
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This leads to less stable burning conditions and variable lower furnace 
stoichiometry, with fuel-lean flue gases emitted from some areas of the 
waste bed and fuel'-rich flue gases from other areas. 
lead to potentially higher levels of organic emissions. 

modules for each RDF distributor. Each metered feeding module, consisting 
of two fuel bins, a ram, and a variable speed conveyor, will be installed at 
the front of each boiler. Normally, installation of this system at a new 
boiler is accomplished by lifting the equipment into place by crane prior to 
completing the building roof. Therefore, it is assumed that the model plant 
will require removal of a portion of the furnace building roof in order to 
install the metered feeders. 

more uniform distribution of waste on the grates. 
stable burning conditions and better control of lower furnace stoichiometry, 
minimizing the potential for periods of high air emissions. 

A bypass duct and dampers will be installed to 
allow up to 100 percent of the combustion gases to be bypassed around the 
air heater. 
vary air preheat temperatures as needed to accommodate changes in waste 
characteristics and boiler operation. 

Combustion Control and Monitorinq. The existing combustion control 
system will be modified to include additional operating parameters, and 

. additional flue gas monitors are required for performance verification. A s  

a minimum, the following operating parameters will be incorporated into the 
existing control scheme: 

These conditions will 

This problem can be corrected by installing individual metered feeding 

The modification provides a more constant feed rate to the boilers and 
This will result in 

Air Heater BVDaSs . 
This modification provides the operator with the ability to 

o steam flow rates 
o fuel feed rates 
o excess air flows 
o CO levels 
o flue gas temperatures 
o 
o furnace pressures 

underfire and overfire air flows or pressures 

It i s  assumed that steam drum levels and pressures and feedwater flow rates 
are also included in the control system. A combustion control scheme based 
on these operating parameters can be established by use of microprocessor- 
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based electronic instrumentation, providing total system control. Manual 
override functions will be in place so that the operators can start the 
system up manually, switching to automatic control when stable combustion 
conditions are established. Continuous CO monitors must be installed with 
integrators and readouts, so that verification of combustion efficiency can 
be established. 
manually based on periodic visual observations of the ash bed coming off the 
front o f  the grate. 

Retrofit Considerations. 
3 months while the units continue to operate. It is estimated that all 
remaining modifications can be made with 2 months of downtime per unit. 

described combustion modifications to the model plant, it is estimated that 
COO/COF emissions will be reduced to 1,000 ng/dscm, corrected to 7 percent 
02. In addition, a reduction in CO emissions to 150 ppmv can be expected t a  
occur as a result of these modifications. The modifications would also have 
no effect on solid waste disposal quantities. 

modifications are presented in Table 6.2-3. Total capital costs are 
estimated to be $2,370,000. Downtime cost is estimated at $1,960,000. 
Based on a 15-year remaining plant life, and a 10-percent interest rate, the 
annualized capital and downtime cost is $569,000. 
annual O&M costs. Annual O&M costs of the modifications are estimated to be 
$56,000. Total annual costs including OM and annualized capital and 
downtime are estimated to be $754,000. 
6.2.4 Best Particulate Control 

loading of 4.0 gr/dscf to an outlet emission rate of 0.01 gr/dscf (values 
corrected to 7 percent 0 2 ) .  This emission rate is equal to the rate required 
for best PM control and is significantly lower than the rate designated as 
good control. Thus, no modifications o f  particulate control equipment will 
be required for compliance at either control level for this model plant. 
6.2.5 Good Acid Gas Control 

6.2.5.1 DescriDtion of Modifications. For good acid gas control, 
hydrated lime will be injected into each combustor through the overfire air 

It is sufficient for grate speed adjustments to be made 

Flow modeling studies can be completed in 

6.2.3.2 Environmental Performance. As a result of applying the above 

6.2.3.3 Costs. The capital costs required to complete the combustion 

Table 6.2-4 presents the 

The ESP’s in place on this model plant already reduce PM from an inlet 
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TABLE 6.2-3. PLANT CAPITAL COST FOR COMBUSTION MODIFICATIONS 
(Two u n i t s  a t  300 t p d  each) 

I tem cos t  (S1,OOO) 

DIRECT COSTS: 

Metered Feeding System 
Flow Modeling Studies 
Overf  i r e  A i r  Nozzles 
Automatic Combustion Contro l  System 
CO P r o f i l  i n g  

A i r  Heater Bypass Ducting, Damper, I n s u l a t i o n  

Tota l  

' CO Monitors w i t h  Readouts and I n t e g r a t o r s  

INDIRECT COSTS AND CONTINGENCY: 

TOTAL CAPITAL COSTS 

DOWNTIME 

ANNUALIZED CAPITAL COSTS AND DOWNTIME 

N O  
75 
257 
290 

10 
44 

33 

1,580 

790 

2,370 

1,960 

569 
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TABLE 6.2-4. PLANT ANNUAL COST FOR COMBUSTION MODIFICATIONS 
(Two units o f  300 tpd each) 

Item cost (S1,OOO) 

DIRECT COSTS: 

ODeratina Labor 
Maintenance 
Maintenance 

Labor 
Materials 

Total 

INDIRECT COSTS: 

Overhead 
Taxes, Insurance, Administrative 
Capital Recovery and Downtime 

Total 

0 
28 
28 
56 
- 

34 
95 
569 
. 698 

TOTAL ANNUALIZED COST 754 
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ports. Hydrated lime sorbent will be fed at 480 lb/hr to each combustor (at 
full operating rate) for a calcium-to-acid gas molar ratio of 2:l. Add!- 
tional equipment far sorbent injection will include a storage silo, a 
pneumatic sorbent transfer system, 4 sorbent feed bins (2 for each 
combustor) and pneumatic injection nozzles. Duct sorbent injection is not 
practical because of the limited space between the economizer and the ESP. 
To cool the flue gas from 45OoF to 35OoF, a spray humidification chamber 
will be installed on the roof of the building approximately above each 
economizer. Water spray at 9 gpm will be required for the gas cooling for 
each combustor. Thirty feet of duct between the preheater and the ESP on 
each combustor will be removed and replaced with 120 feet of new duct that 
carries flue gas from the preheater through the spray chamber and then to 
the ESP. 

collect the injected sorbent. Each new ESP will be erected outside the - 
building next to the stack and will be connected to the existing ESP and the 
stack with 75 feet of new duct. The proposed equipment arrangement is shown 
in Figure 6.2-3. 

add sufficient pressure drop to require replacement of the ID fans. 
monitoring equipment for SO2, HC1, 02, and C02 is also included. 
is expected to be 3 months per combustor. 

be reduced 88 percent from baseline levels. Acid gas emission reductions 
are estimated at 50 percent for HC1 and 50 percent for SO2. 

matter emissions will remain at 0.01 gr/dscf, but the collected sorbent will 
add 4,920 tons per year of solid waste to the baseline disposal requirements 
for the plant. 

are presented in Table 6.2-5. 
cost is $2,390,000. 
equipment for particulate and temperature control. 
assume a high access/congestion level for new equipment and duct demolition. 

An additional 4,000 square feet of ESP plate area will be required t o  

The new ESP’s and humidification chambers with associated ducting will 
New 

Downtime 

6.2.5.2 Environmental Performance. CDD/CDF emissions are expected to 

Particulate 

6.2.5.3 Q&. Capital cost requirements for dry sorbent injection 
Total capital cost is $5,660,000. Downtime 

Most of the capital cost is associated with the new 
The cost estimates 
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.. 
8 Figure 6.2-3. Plot Plan o f  Sorbent Injection Equipment Arrangement 
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TABLE 6.2-5.  PLANT CAPITAL COST FOR DRY SORBENT INJECTION WITH ADDITION 
OF ESP PLATE AREA (Two units o f  300 tpd each) 

Item cost (S1 ,OOO)  

DIRECT COSTS: 

Equipment 
Access/Congestion Cost 

Equipment 
Access/Congestion Cost 

Ducting Cost 
Access/Congestion Cost 

Other Equipment 
Fans 

Acid Gas Controla 

b Particulate and Temperature Control 

New Flue Gas Ductinga 

Stacks 
Demo1 it i on/rel ocat i on 

Total 

Indirect Costs & Contingencies 

Monitoring Equipment' 

TOTAL CAPITAL COST 

DOWNTIME COST 

672 
67 

1,540 
645 

183 
77 - 

450 
0 
18 
3,650 

1,490 

514 

5,660 

2,930 

ANNUALIZED CAPITAL RECOVERY AND DOWNTIHE 1,130 
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Annual costs are presented in Table 6.2-6. The major direct operating 
and maintenance costs are sorbent purchase and monitoring instrument 
maintenance. Total annualized cost of dry sorbent injection, including 
capital recovery and downtime, is $2,270,000. 
6.2.6 Best Acid Gas Control 

in CDO/CDF, HC1, and SO2, a spray dryer/fabric filter system will be 
installed on each combustor. 
building, near the stacks. The existing ESP’s will not be demolished, but 
the flue gas will be bypassed around each ESP from the preheater to the 
spray dryer. Approximately 50 feet of duct will be demolished (25 feet at 
each end of the ESP) to make room for each new ESP bypass duct. 
250 feet of new duct per combustor will be required to connect each spray 
dryer and fabric filter between the preheater and the stack. 
equipment configuration is shown in Figure 6.2-4. 

acid gas molar ratio of 2.5:l. Water in the lime slurry equivalent to 13 
gpm is needed to cool the gas stream from 450°F to 30OoF. 

6.2.6.1 Descriotion of Modifications. To achieve greater reductions 

The new equipment will be located outside the 

A total of 

The proposed 

Lime slurry will be introduced into each spray dryer at a calcium-to- 
- 

The lime receiving, storage, and slurry area which will serve the spray 
dryers is also shown in Figure 6.2-4. The fabric filters will each have 
24,200 effective square feet o f  cloth (net air-to-cloth ratio of 4:l). 
increased pressure drop of fabric filters over ESP’s will require a new, 
larger ID fan for each unit. 
and opacity will be installed as well. 

The 

New monitoring equipment for HC1, SO2,  C02, O2 
Downtime is expected to be 6 months. 

6.2.6.2 Environmental Performance. CDD/CDF emission reductions of - 
Emissions of PM 
1 be reduced 

99 percent from inlet level or to 10 ng/Nm’ are expected. 
will be maintained at 0.01 gr/dscf. Acid gas emissions wi 
90 percent for SO2 and 97 percent for HC1. 

6.2.6.3 Costs. Capital cost requirements for instal ing spray 
dryer/fabric filter systems are presented in Table 6.2-7. Total capital 
costs are estimated at $15,900,000. 
equipment, installation, ductwork demolition, and indirect costs such as 
engineering and contingencies. 

This figure includes purchased 

Estimates assume high access and congestion, 
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TABLE 6 . 2 - 6 .  PLANT ANNUAL COST FOR DRY SORBENT INJECTION WITH A O O I T I O N  
OF ESP PLATE AREA (Two u n i t s  o f  300 tpd  each) 

I tem cos t  (S1,OOO) 

DIRECT COSTS: 

Operat ing Labor 
Superv is ion 
Maintenance Labor 
Maintenance Ma te r ia l s  
E l e c t r i c i t y  
Water 
Lime 
Waste Disposal 
Moni tors  

INDIRECT COSTS: 
Overhead 
Taxes, Insurance, and Admin is t ra t ion  
Cap l ta l  Recovery and Downtime 

Tota l  

Tota l  

60 ~~ 

16 
26 
69 
28 
4 

309 
123 

206 
84 1 

100 
197 

1.130 
1,430 

TOTAL ANNUALIZED COST 2,270 
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New 
Spray Dwen. 1 Fabric Fikan 

and 
ID Fan 

Figure 6.2-4. Plot Plan of Spray Dryer/Fabric Filter Retrofit Equipment 
Arrangement 
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TABLE 6.2-7. PLANT CAPITAL COST FOR SPRAY DRYER WITH FABRIC FILTER 
(Two units o f  300 tpd each) 

Item cost (S1,OOO) 
~~ 

DIRECT COSTS: 

Equipment 
Access/Congest i on Cost 

Ducting Cost 
Access/Congestion Cost 

Other Equipment 
Fans . 
Stacks 
Demolition/Relocation 

Acid Gas Control’ 

New Flue Gas Ductinga 

Total 

6,300 
2,650 

223 
94 

347 
0 

23 
9,640 

Indirect Costs 3,170 

Contingency 2,560 

573 Monitoring Equipment 

TOTAL CAPITAL COSTS 15,900 

DOWNTIME COST 5,870 

ANNUALIZED CAPITAL RECOVERY AND DOWNTIME 2,870 

b 

a8ased on high access/congestion. 

bTurn key. 
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500 f e e t  o f  new ductwork and new I D  fans. Downtime cost  i s  est imated a t  
$5,870,000. 

Annual cos t  are presented i n  Table 6.2-8 .  
are f o r  maintenance mater ia ls  i n c l u d i n g  bag replacement, e l e c t r i c i t y  f o r  the 
I D  fans and s l u r r y  atomizers and mon i to r ing  instrument maintenance. 
annual cost ,  i n c l u d i n g  c a p i t a l  recovery and downtime i s  $4,960,000. 
6 .2 .7  Summary o f  Control  Options 

6 . 2 . 7 . 1  Oescr io t ion o f  Contro l  Costs. The c o n t r o l  technologies 
descr ibed i n . t h e  previous sect ions have been combined i n t o  t h e  7 r e t r o f i t  
emission c o n t r o l  opt ions discussed i n  Sect ion 3.0.  Table 6.2-9 summarizes 
t h e  combustion, p a r t i c u l a t e  c o n t r o l ,  temperature c o n t r o l ,  and ac id  gas 
c o n t r o l  technologies described i n  Sections 6.2.3 through 6 .2 .6  t h a t  were 
combined f o r  each o f  the c o n t r o l  opt ions.  It should be noted t h a t  s ince the 
model p l a n t  al ready achieves best PM c o n t r o l  a t  basel ine,  Options 1 through 
3 are i d e n t i c a l .  - 
o p t i o n  i s  s u m a r i z e d  i n  Table 6.2-10 .  
presents bo th  the p o l l u t a n t  concentrat ions and annual emissions. The 
grea tes t  reduct ion i n  t o t a l  COD/CDF emissions and i n  ac id  gas emissions i s  
achieved w i t h  the spray d r y e r / f a b r i c  f i l t e r  r e t r o f i t .  Control  o f  COO/COF 
w i t h  combustion improvements o r  d r y  sorbent i n j e c t i o n  are approximately . 

equa l ly  e f f e c t i v e .  Greatest o v e r a l l  emission c o n t r o l  i s  achieved when 
combustion improvements are combined w i t h  a c i d  gas c o n t r o l  technology. 
Emissions o f  CO are a f f e c t e d  on ly  by combustion improvement; PM emissions 
are unchanged f o r  any opt ion,  s ince best c o n t r o l  i s  achieved a t -  basel ine.  
Both d r y  sorbent i n j e c t i o n  and spray d r y i n g  have s i g n i f i c a n t  negat ive waste 
d isposal  impacts, increas ing p l a n t  s o l i d  waste by 25 and 22 percent 
respec t ive ly .  

i n  Table 6.2-11. The cos t  o f  each c o n t r o l  op t ion  increases w i t h  increased 
l e v e l  o f  c o n t r o l .  
annualized cost, provides 99.8 percent reduc t ion  o f  CDD/CDF, 97 percent 
reduc t ion  of HC1, and 90 percent reduc t ion  o f  SO2. Less c o s t l y  opt ions 

prov ide  lower l e v e l s  o f  emission reduct ion.  

S i g n i f i c a n t  operat ing cost  

To ta l  

6 .2 .7 .2  Environmental Performance. The performance o f  each c o n t r o l  
For each p o l l u t a n t ,  t h e  t a b l e  

6.2 .7 .3  Costs. The t o t a l  annualized cost  o f  each o p t i o n  i s  presented 

The most c o s t l y  Opt ion 7, a t  55,460;OOO per  year 

6-63 



TABLE 6 .2 -8 .  PLANT ANNUAL COST FOR SPRAY DRYER WITH F A B R I C  FILTER 
(Two u n i t s  o f  300 tpd each) 

I tem cost ($1,000) 

DIRECT COSTS: 

Operating Labor 
Supervision 
Maintenance Labor 
Maintenance Mater i  a1 s 
E l e c t r i c i t y  
Compressed Air 
Water 
Lime 
Waste Disposal 
Monitors 

Total  

INDIRECT COSTS 

Overhead 
Taxes, Insurance, and Administration 
Capital  Recovery and Downtime 

Total  

96 
14 
!j3a 239 

191 
2 1  

6 
256 
164 

215 
1,260 

213 
614 

2,870 
3,700 

TOTAL ANNUALIZED COSTS 4,960 

aIncludes bag replacement costs o f  $47,000. 
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6.2.7.4 Enerav I moactp. Table 6.2-12 presents a summary of the 
energy impacts associated with the control options. The electrical use 
figures take into account the cost savings of not operating incremental 
auxiliary fuel use because auxiliary burners are in place on the model plant 
and are used under base1 ine operation. 
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TABLE 6.2-12. ENERGY IMPACTS FOR SMALL RSF-FIRED COMBUSTOR 
MODEL PLANTCONTROL OPTIONS 

Option 
E l e c t r i c a l  Use 

(MWh/yr 1 

0 

0 

0 

615 

615 

4 ,  150b 

4,150b 

aIncremental use f r o m  basel ine.  
bExcludes e l e c t r i c a l  c r e d i t  o f  not operat ing the ESP’s. 
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7.0 MODULAR STARVED-AIR COMBUSTORS 

I n  terms o f  t h e  number o f  e x i s t i n g  f a c i l i t i e s ,  s t a r v e d - a i r  modular 
combustors comprise t h e  l a r g e s t  segment o f  the MWC populat ion.  There are 
approximately 41 o f  these f a c i l i t i e s  i n  operation. A l i s t  o f  operat ing 
f a c i l i t i e s  i s  provided i n  Table 7.0-1. Approximately 75 percent o f  these 
f a c i l i t i e s  were manufactured by Consumat Systems. Other supp l ie rs  inc lude 
Ecolaire,  Clear  A i r ,  and K e l l y  Systems. 

The popu la t ion  o f  modular s ta rved-a i r  MWC's can be d i v i d e d  i n t o  basic 
groups: those w i t h  u n i t  capac i t ies  o f  g rea ter  than o r  equal t o  50 tpd, and 
smal ler  u n i t s .  
o f  g rea ter  than o r  equal t o  50 tpd. 
recovery (13 out o f  14), have a PM c o n t r o l  device (11 ou t  o f  1 4 ) ,  and are 
t y p i c a l l y  newer than t h e  smal ler  u n i t s .  The smal ler  u n i t s  are less  l i k e l y  t o  
have heat recovery (15 out  o f  28), t y p i c a l l y  do not have PM c o n t r o l  ( 4  out OF 
28), and are genera l l y  o lder .  

Based on these d i f ferences,  two model p lan ts  were developed. The f i r s t  
represents a l a r g e r  f a c i l i t y  w i t h  heat recovery and PM c o n t r o l  (Sect ion 7.1), 
and t h e  second represents a smal ler  f a c i l i t y  w i t h  no heat recovery and no PM 
c o n t r o l  (Sect ion 7 .2) .  Although the l a r g e r  model i s  equipped w i t h  t r a n s f e r  
rams f o r  moving waste through the system, and the smal ler  model uses 
r e c i p r o c a t i n g  grates,  t h i s  d i s t i n c t i o n  i s  n o t  as important as t h a t  o f  u n i t  
s ize.  

design inc ludes two separate combustion chambers ( r e f e r r e d  t o  as the "primary" 
and "secondary" chambers). Waste i s  batch fed  t o  t h e  pr imary chamber by a 

h y d r a u l i c a l l y  a c t i v a t e d  ram. The charging b i n  i s  f i l l e d  by a f ront -end 
loader .  
6 t o  10 minutes between charges). 

t r a n s f e r  rams o r  r e c i p r o c a t i n g  grates.  Clear A i r  designs are equipped w i t h  
grates, and t h e  Consumat, Ecolaire,  and K e l l y  Systems use t r a n s f e r  rams .  
Systems us ing  t r a n s f e r  rams have i n d i v i d u a l  hearths upon which combustion 
takes place. Grate systems genera l l y  inc lude two separate g r a t e  sect ions.  

There are 14 f a c i l i t i e s  w i t h  combustors having a un i t  capaci ty 
These f a c i l i t i e s  t y p i c a l l y  employ heat 

A t y p i c a l  modular s ta rved-a i r  MWC i s  shown i n  F igure 7.0-1. The basic 

Waste feeding takes p lace automat ica l ly  on a s e t  frequency (genera l ly  

Waste i s  moved through t h e  pr imary combustion chamber by e i t h e r  hydraul ic  

I n  
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either case, waste retention times in the primary chamber are long--up to 
12 hours. 

which waste burns. The primary chamber essentially functions as a gasifier, 
producing a hot fuel gas which is burned out in the secondary chamber. The 
combustion air flow rate to the primary chamber is controlled to maintain an 
exhaust gas temperature set point (generally 1200 to 14OO0F), which normally 
corresponds to about 40 percent theoretical air. 
with a primary chamber temperature between 1600 and 18OO0F, which requires 
50 to 60 percent theoretical air. 

A s  the hot, fuel-rich flue gases flow to the secondary chamber, they are 
mixed with excess air to complete the burning process. The temperature of the 
exhaust gases from the primary chamber is above' the autoignition point. Thus, 
completing combustion is simply a matter of getting air to the fuel-rich 
gases. The amount of air added to the secondary chamber is modulated to 
maintain a desired flue gas exit temperature, typically 1800 to 220OOF. 
Approximately 80 percent of the total combustion air is introduced as 
secondary air, so that excess air levels for the system are about 100 percent. 
Typical operating ranges vary from 80 to 150 percent excess air. 

The walls of both combustion chambers are refractory-1 ined. 
starved-air modular combustors did not include heat recovery, but a waste heat 
boiler is common in newer installations, with two or more combustion modules 
manifolded .to a boiler. 
mai'ntain dump stacks for use in emergency, or when the boiler is not in 
operation. 

which are located in both the primary and secondary combustion chambers. 
Auxiliary fuel can be used during start-up or when problems are experienced in 
maintaining desired combustion temperatures. In general, the combustion 
process is self-sustaining through control of air flows and feed rate, so 
continuous co-firing o f  auxiliary fuel is normally not necessary. 

combustion air flows. 
combustion air by drawing it through a shroud surrounding the primary chamber, 
using the radiant heat from the primary chamber to heat the flue .gases. 

Bottom ash is usually discharged to a wet quench pit. 
The quantity of air introduced in the primary chamber defines the rate at 

Other system designs operate 

Early 

Combustors with heat recovery capabilities also 

Most modular starved-air MWC's are equi,pped with auxiliary fuel burners 

As mentioned above, temperature controllers are used to maintain desired 
Some of the newer modular MWC's preheat the secondary 
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The current guideline elements for good combustion practices in modular 
starved-air MWC’s are presented in Table 7.0-2. Under normal operating 
conditions, a starv’ed-air combustor will have no trouble maintaining 1800OF in 
the secondary combustion chamber. However, due to some State requirements for 
retention time of several seconds at 18OO0F, some designs are including a 
larger secondary combustion chamber. 

With the increase in heat recovery, downstream flue gas temperature 
control may become an important issue for modular starved-air MWC’s. 
systems are using heat recovery boilers and adding ESP‘s for particulate 
control, and in some cases the ESP temperatures may be in the range that will 
promote formation of CDO/CDF. 
an economizer in the ducting just upstream of the existing ESP. In addition 
to lowering the flue gas temperature prior to the ESP, the plant also has 
increased steam production by 5 to 10 percent, so that the economizer will pay 
for itself after 5 years of operation. 

generally attainable by all operating facilities, there are some verification 
measures which are lacking in most starved-air modular MWC’s. 
air flows are not directly measured, and oxygen monitors are typically 
installed only when a boiler is used. 
very common. 

relatively low. 
carryover of excessive particulate, so that uncontrolled emissions are lower 
than mass burn or RDF systems. The high combustion temperatures and 
sufficient mixing of flue gases with air in the secondary combustion chamber 
provide good combustion, resulting in relatively low CO and trace organic 
emissions. 
are a concern with regard to emission of trace elements. 

More 

One facility (Tuscaloosa, AL) has installed 

- 
Although the operation/control components 1 isted In Table 7.0-2 are 

For example, 

Continuous CO monitors are also not 

In general, emissions of air pollutants from modular starved-air MWC’s are 
Low gas velocities in the primary combustion chamber prevent 

However, the high temperatures and lack of air pollution controls 
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TABLE 7.0-2 COMPONENTS OF GUIDELINES - GOOD COMBUSTION PRACTICES FOR 
M I N I M I Z I N G  TRACE ORGANIC EMISSIONS FROM MODULAR 

STARVED -A I R MWC ' S 

Element Component 

Design 

Operati  on/Control 

V e r i f i c a t i o n  

Temperature a t  f u l l y  mixed l o c a t i o n  

Secondary a i r  capaci ty 

Secondary a i r  i n j e c t o r  design 

A u x i l i a r y  fue l  capaci ty 

Downstream f l u e  gas temperature 

Excess A i r  

Turndown r e s t r i c t i o n s  

Star t -up  procedures 

Use o f  a u x i l i a r y  fue l  

Oxygen i n  f l u e  gas 

CD i n  f l u e  gas 

Furnace temperature 

Temperature a t  APCD i n l e t  

Adequate a i r  d i s t r i b u t i o n  



7.1 LARGE MODULAR STARVED-AIR COMBUSTOR WITH TRANSFER RAMS 

This section presents the case study results for a model large (unit 
size 2 50 tpd) modular starved-air MWC equipped with transfer rams. As 
shown in Table 7.0-1, there are 41 known plants in this sub-category. This 
subpopulation is dominated by the Consumat system (31 plants). Section 
7.1.1 presents a description of the Tuscaloosa Energy Recovery Facility, a 
Consumat plant which was visited in order to gather information for model 
development. Section 7.1.2 presents a description of the model plant. 
Sections 7.1.3 through 7.1.6 detail the retrofit modifications, estimated 
performance, and costs associated with various control options. Section 
7.1.7 presents a summary o f  the control options which are discussed in more 
detail in Section 3.0 of this report. 
7.1.1 Descriotion of the Tuscaloosa. AL Plant 

Consumat model #CS3000 combustors, each with a design rating of 75 tons of 
municipal solid waste (MSW) per day. Figure 7.1-1 presents a cutaway view 
of the standard Consumat incinerator, and Table 7.1-1 presents Tuscaloosa 
plant design data. The facility and has a contract to deliver steam to the 
B.F. Goodrich plant located adjacent to the facility. 
land where the TERF is sited, is leased to the TSWA for 20 years. The term 
of the steam delivery contract is for 10 years beginning from facility 
start-up in March 1984. 

because the B.F. Goodrich plant now operates 7-days/week, the TERF operates 
on Saturdays approximately 50 percent of the time. 
requires that the TERF provide B.F. Goodrich with 50,000 lb/hr of steam 
(26.65 x lo6 lb/month). 
10 
is supplied by Goodrich. 
replaced one year ago due to erosion and corrosion, affer three years 
operation. 
steam, all of which is delivered to B.F. Goodrich. 
employs 21 people on a 5-day/week, 24-hr/day operating schedule. 

1 

The Tuscaloosa Energy Recovery Facility (TERF) consists of four 

The B.F. Goodrich 

The TERF until recently operated on a 5-day/week schedule. However, 

The current contract 

B.F. Goodrich pays a fixed price for up to 26.65 x 
6 lb/month o f  steam and a reduced price for any additional. The feedwater 

The first four modules in the boilers were 

Each o f  the boilers is designed to produce 32,500 lb/hr of 
The plant currently 
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Figure 7.1-1.  Typical  Consumat Module 
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TABLE 7 . 1 - 1 .  TUSCALOOSA, ALABAMA DESIGN DATA 

Combustor: 

Type 
Number o f  Combustors 
Combustor U n i t  Capacity 
Tota l  P lan t  Capacity 
Number o f  B o i  1 e rs  

B o i l e r  Design Rate 
Emission Controls:  

- '  Modular Starved a i r  
- 4 Consumat #CS=J000 
- 7 5  t p d  (each) 

- 2 Richmond Engineering 

- 32,000 l b / h r  steam (each) 

- 300 t p d  

Waste Heat B o i l e r s  

TY Pe 
Number o f  P r e c i p i t a t o r s  
Number o f  F ie lds  
I n l e t  des ign p a r t i c u l a t e  load ing  
Operat ing Temperature 
Design Col 1 e c t i o n  E f f i c i e n c y  
P a r t i c u l a t e  Emission L i m i t  
Gas Flow 

- E l e c t r o s t a t i c  P r e c i p i t a t o r  
- 1  
- '  2 
- 0.18 gr /dsc f  a t  12% C02 - 
- 450 F . 
- 50 percent 
- 0.08  gr /dsc f  a t  12% C02 
- 90,000 acfm 



Goodrich a lso  suppl ies 12 t o  15 tons per day o f  waste i n  t h e  form o f  
automobile t i r e  r e j e c t s  from t h e i r  adjacent product ion p l a n t .  
does no t  generate steam, the Goodrich p l a n t  increases t h e i r  p l a n t  steam 
generat ion.  
p l a n t  generates steam a t  a lower c o s t  than t h e  TERF. 

p l a n t  and dumped on a t i p p i n g  f l o o r  where mixing and f u e l  feeding i s  
executed by f ront -end loaders. 
t h e  furnaces by dumping t h e  waste i n t o  one o f  f o u r  waste loaders (Consumat 
#ML1400MS). 

(12 charges/hr). 
panel which ind ica tes  t h a t  the loader  i s  ready t o  receive a charge. The 
panel a l s o  i n d i c a t e s  whether t h e  charge o f  waste t o  t h e  loader  should be 
heavy, normal, o r  l i g h t .  
operator  presses a but ton which c loses t h e  loader  t o p  door and a c t i v a t e s  an 
automatic charging sequence. When t h e  door closes, t h e  f i r e  door opens and 
t h e  ram extends, charging t h e  waste i n t o  the primary combustion chamber. 
When t h e  feed s t roke  i s  complete, t h e  ram r e t r a c t s  and t h e  f i r e  door closes. 
The loader  door opens and i s  then ready f o r  an add i t iona l  waste load. 
prevent i g n i t i o n  o f  the waste i n  t h e  loader, a water m i s t  c u r t a i n  i s  
a c t i v a t e d  when the furnace i s  opened f o r  charging. The loader  i s  n o t  
completely a i r  t i g h t ,  bu t  observat ions o f  t h e  charging cyc le  ind ica ted  t h a t  
a f a i r l y  good seal i s  maintained by the waste i t s e l f  dur ing  t h e  p e r i o d i c  
i n t e r v a l s  when t h e  f i r e  door i s  open. 

Waste i s  moved through t h e  pr imary combustion chamber by th ree  t r a n s f e r  
rams  which are loca ted  on the f l o o r  o f  the pr imary combustion chamber. 
add i t ion ,  an ash r a m  discharges t h e  bottom ash from t h e  pr imary chamber i n t o  
a water f i l l e d  quench p i t .  
t h a t  waste moves down from one hear th t o  another as t h e  t r a n s f e r  rams 
operate. Waste r e t e n t i o n  t imes i n  t h e  primary chamber are 6 t o  8 hours, and 
waste volumes are reduced by approximately 90 percent. 
removed from t h e  quench p i t  by a drag chain conveyor which dumps t h e  wet ash 
i n t o  a b i n  f o r  t h e  l a n d f i l l .  

When t h e  TERF 

Current ly ,  due t o  t h e  low cost  o f  na tura l  gas, t h e  Goodrich 

7 . 1 . 1 . 1  Combustor Desian and Operation. Waste i s  d e l i v e r e d  t o  the 

The f ron t -end loaders d e l i v e r  a charge t o  

Each o f  the furnaces operates on a 5-minute charging cyc le  
The furnace operator  responds t o  a green l i g h t  s ignal  on a 

A f t e r  t h e  waste has been placed i n  t h e  loader,  th_e 

To 

I n  

The f l o o r  o f  the primary chamber i s  stepped so 

The bottom ash i s  
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The pr imary combustion chamber operates a t  sub-sto ich iometr ic  cond i t ions  
w i t h  s u f f i c i e n t  combustion a i r  added t o  mainta in  an e x i t  temperature o f  
1200 t o  1 4 O O O F .  
greater  than 1 4 O O 0 F ,  t h e  State permi t  requ i res  t h a t  pr imary chamber 
temperatures no t  exceed 1 4 O O O F .  
requirement, combustion a i r f l o w s  t o  the pr imary chamber are l i m i t e d  t o  about 
40 percent o f  t h e o r e t i c a l  a i r .  P r imary  chamber a i r  enters  t h e  combustion 
chamber through water cooled a i r  tubes in tegra ted  w i t h  t h e  t r a n s f e r  rams, 
The pr imary chamber i s  const ructed w i t h  a double s h e l l .  
a i r  i s  preheated by drawing i t  through t h e  s h e l l  and contact ing i t  w i t h  the 
w a l l  o f  t h e  pr imary chamber, r e s u l t i n g  i n  l e s s  heat l o s s  from t h e  pr imary 
chamber and enhancing burnout i n  t h e  secondary. The secondary a i r  i s  
in t roduced i n t o  the chamber o f  o r i f i c e s  along the circumference o f  t h e  
chamber (exc lud ing t h e  f l o o r ) .  Burnout o f  v o l a t i l e s  i s  accomplished i n  the- 
chamber by adding s u f f i c i e n t  excess a i r  t o  prov ide good mix ing  w i t h  t h e  f l u e  
gases. Secondary chamber temperatures are genera l l y  i n  t h e  range o f  
1800-2000°F. A i r  f lows are no t  measured d i r e c t l y .  Pressures are recorded 
i n  t h e  supply headers downstream o f  the c o n t r o l  dampers f o r  both the primary 
and secondary a i r  suppl ies,  and these readings are d isp layed i n  t h e  c o n t r o l  
room f o r  each u n i t .  There i s  no continuous O2 monitor so excess a i r  l e v e l s  
a r e  no t  d i r e c t l y  measured. However, t y p i c a l  o v e r a l l  excess a i r  l e v e l s  are 
100 percent.  
and secondary chambers, and are t h e  pr imary var iab les  f o r  mon i to r ing  
operat ion o f  t h e  u n i t s .  
and f u e l  feeding ra tes .  

o f  two waste heat b o i l e r s .  
furnaces and t h e  second b o i l e r  w i t h  #3 and # 4 .  

Each o f  the waste heat b o i l e r s  consis ts  o f  n ine steam generat ing 
modules and one module i n  an economizer sect ion.  Pressure components f o r  
t h e  b o i l e r s  were fabr icated by Richmond Engineering. 
and cabinets  were manufactured by Consumat. 

common duct  which o r i g i n a l l y  r a n  t h e  l e n g t h  o f  the b u i l d i n g  t o  an 
e l e c t r o s t a t i c  p r e c i p i t a t o r .  

To prevent s lagging cond i t ions  t h a t  occur w i t h  temperatures 

I n  order  t o  mainta in  t h i s  temperature 

Secondary chamber 

Temperatures are monitored cont inuously i n  both t h e  pr imary 

Temperatures are maintained by vary ing a i r  f lows 

Combustion products e x i t  t h e  secondary chamber and are d i r e c t e d  t o  one 
The f i r s t  b o i l e r  i s  pa i red  w i t h  t h e  #1 and #2 

These were assembled 
The two b o i l e r s  mani fo ld  i n t o  a 

Last  year  a small economizer was i n s t a l l e d  i n  
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t h i s  duc t ing  upstream of the  ESP. Th is  mod i f i ca t ion  has increased feedwater 
temperature t o  the. b o i l e r s  by about 100°F and increased b o i l e r  e f f i c i e n c y  
f o r  a g iven waste feed r a t e .  I n  add i t i on ,  the f l u e  gas temperatures 
en te r ing  the  ESP have been reduced approximately 100 t o  15OOF. 
economizer o u t l e t  temperatures are c u r r e n t l y  i n  the  450 t o  5OO0F range. 

Gas burners are loca ted  i n  both the  pr imary and secondary combustion 
chambers, and i n  the  duc t i ng  between the  economizer and the  ESP. 
f i r e d  t o  b r i n g  the  secondary chamber up t o  6OO0F dur ing  process s ta r t -up .  
Normally t he  pr imary chamber burners are n o t  used even dur ing  system 
s ta r t -up .  

from a l l  f o u r  i nc ine ra to rs  a t  the  TERF e x i t s  the  economizer i n  a s i n g l e  
duct .  Th is  duct  passes through the  f a c i l i t y  b u i l d i n g  w a l l  t o  a 2 - f i e l d  
e l e c t r o s t a t i c  p r e c i p i t a t o r  (ESP). 
i n fo rma t ion ) .  The ESP was designed t o  achieve 50 percent c o n t r o l .  The ESP 
t y p i c a l l y  reduces emissions by over 50 t o  60 percent, ach iev ing an emission 
r a t e  o f  0.05 t o  0.07 gr /dsc f  adjusted t o  12 percent COi. 

The ESP o u t l e t  f l u e  gas i s  cont inuously  monitored by an opaci ty  meter, 
as  requ i red  by the  f a c i l i t y  permi t .  A weekly repo r t  i s  submitted t o  the 
S ta te  Department o f  Environmental Management d e t a i l i n g  r e p a i r s  made t o  the  
ESP, ESP e l e c t r i c a l  readings and the  opac i ty  s t r i p  char ts .  P lan t .upset ,  
cond i t ions  r e s u l t i n g  i n  increased emissions must be repor ted  w i t h i n  
24 hours. I f  th ree  1-hour average opac i ty  readings. exceed 15 percent i n  a 

24-hour per iod,  a s tack t e s t  must be performed w i t h i n  10 days o f  the  
occurrence. 
emission l i m i t  o f  0.08 gr /dsc f  ad justed t o  12 percent C02. 
compliance sampling episodes showed p a r t i c u l a t e  emissions o f  0.07 gr /dsc f  
cor rec ted  t o  12 percent C02. 

condensation o f  ac id  gases t h a t  occurs w i t h  f a c i l i t y  shutdown and s ta r t -up .  
Th is  co r ros ion  problem r e s u l t e d  i n  the  replacement o f  t h e  ESP i n t e r n a l s  
a f t e r  th ree  years o f  operat ion.  The f a c i l i t y  now mainta ins a h igher  ESP 
f l u e  gas temperature (>25OoF) dur ing  shutdown/start-up us ing  a gas f i r e d  

The 

Gas i s  

7.1.1.2 Emission Control  S y s t e m  Desian and Ooeration. The f l u e  gas 

(Table 7.1-1 a lso  shows ESP design - 

Th is  t e s t  i s  used t o  determine i f  the  f a c i l i t y  meets the  permi t  
Two recent  

The f a c i l i t y  has experienced cor ros ion  problems w i t h  the  ESP due t o  the  
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burner loca ted  i n  t h e  duc t ing  before t h e  ESP. 
7-day/week operat ion,  the p o t e n t i a l  f o r  corros ion problems w i l l  a l s o  be 
reduced. 

waste. 
handl ing equipment w i l l  be modi f ied so t h a t  both wastes can be disposed o f  
i n  a conventional l a n d f i l l .  Current l a n d f i l l  waste d isposal  costs  are 
approximately 513 t o  S18/ton. 
7.1.2 Descr ip t ion  o f  Model P lant  

Due t o  the prevalence o f  the 
Consumat design i n ' t h e  e x i s t i n g  popu la t ion  o f  modular starved a i r  MWC's, i t  
i s  assumed t h a t  the model p l a n t  i s  designed t o  incorporate the features 
found i n  most Consumat o r  s i m i l a r  designs. Model p l a n t  design data are 
shown i n  Table 7 . 1 - 2 . .  The model p l a n t  cons is ts  o f  th ree  50 tpd  modules, 
each w i t h  a pr imary and secondary combustion chamber. The i n d i v i d u a l  flue; 
mani fo ld  t o  a s i n g l e  waste heat b o i l e r  where t h e  gas temperature i s  reduced 
t o  315OC (600OF) (see F igure 7.1-2). 
th ree  combustors operate s imultaneously.  The normal operat ing schedule i s  
24-hours/day, 7:days/week. The l a r g e r  operat ing schedule t y p i c a l l y  
incorporate waste heat recovery c a p a b i l i t i e s ,  so i t  i s  assumed t h a t  heat 
recovery i s  i n  p lace a t  the model. 

Waste feeding i s  accomplished au tomat ica l l y  by a h y d r a u l i c  ram. 
i s  d e l i v e r e d  t o  the feeding b i n  i n  batches by a f ront -end loader.  
feeding frequency i s  c o n t r o l l e d  automat ica l ly .  
the pr imary chamber by f i v e  water-cooled t r a n s f e r  rams t h a t  p e r i o d i c a l l y  
extend and r e t r a c t ,  pushing the waste along a ser ies  o f  burn ing hearths. 
The frequency o f  the t r a n s f e r  r a m  s t roke  i s  c o n t r o l l e d  au tomat ica l l y .  

waste r e t e n t i o n  t ime i n  the pr imary chamber i s  approximately 10 t o  12 hours. 

It i s  assumed t h a t  40 percent o f  t h e o r e t i c a l  a i r  i s  used i n  t h e  pr imary 

chamber, and pr imary chamber e x i t  temperatures are maintained i n  t h e  range 
o f  1200 t o  14OOOF. A t  40 percent o f  t h e o r e t i c a l  a i r ,  approximately 

I f  t h e  f a c i l i t y  goes t o  a 

Current ly ,  t h e  ESP ash i s  being handled and disposed o f  as a hazardous 
However, i t  i s  a n t i c i p a t e d  t h a t  in the f u t u r e  t h e  bottom and f l y  ash 

7.1.2.1 Combustor D e s i m  and Operation. 

I . t ' i s  assumed t h a t  o n l y  two o f  t h e  

Waste 
The r a m  

The waste. i s  moved through 

The 

Holes i n  t h e  t rans fer  rams prov ide  t h e  f l o w  o f  pr imary a i r  t o  waste. 
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TABLE 7.1-2. MODEL PLANT BASELINE DATA FOR LARGE 
MODULAR STARVED-AIR COMBUSTOR 

Combustor: 
Type 
Number o f  Combustors 

Combustor Unit Capacity 
Total Plant Capacity 

Emission Controls 
Type 
Number 
Number o f  Fields 
Inlet Temperature 
Collection Efficiency 
Gas F l o w  
Total Plate Area 
SCA at 29,000 acfm and 600°F 

b Emi ss i ons : 
COD/CDF (tetra-octa) (stack) 
PM (stack) 
co 
HCl 
so2 

Stack Parameters: 

Height 
Diameter 

Operating Data: 

- Modular Starved-air 
- 3 (2 units operate with 

1 on standby) 
- 50 tpd 
- 150 tpd 

- Electrostatic Precipitator 
- 1  
- 2  
- 600°F 
- 67 percent 
- 29,000 tcfm 
- 2200 ft - 75 

- 600 ng/dscm 
- 0.05 gr/dscfc 
- 100 ppmv 
- 500 ppmv 
- ZOO ppmv 

- 60 feet 
- 5.5 feet 

- > 20 years 
- 8,000 hours Remaining Plant Life - 

Annual Operating Hours 
Annual Operating Cost - $976,00O/year 

aOne ESP controls emissions from entire plant. Three units are ducted to 

bAll emissions are dry, corrected to 7 pgrcent 02. Standard and normal 

'Inlet PM emissions to the ESP are 0.1 gr/dscf at 7 percent 02. 

the single ESP and stack. 
s imul taneousl y . 
conditions are both 1 atmosphere and 70 F .  All values except PM and 
CDO/COF are at the boiler exit. 

The ESP is sized for two units operating 
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1,200 scfm of air is supplied in the primary chamber. 
combustion gases exit the primary chamber through a vertical breeching and 
flow into the secondary chamber. 

Additional air is added in the secondary chamber through rows of wall 
jets which are located at two axial locations in the chamber. 
is preheated by drawing it through a shroud which surrounds the primary 
chamber, and the secondary air flow rate is controlled automatically to 
maintain a minimum chamber exit temperature of 180OOF. With the secondary 
chamber operating at approximately 80 percent excess air, the total system 
operates at 100 percent excess air, and total flow rates leaving the 
secondary combustion chamber are approximately 6,400 dscfm for each unit. 
With two units operating simultaneously, total gas flow exiting the waste 
heat boiler is 12,800 dscfm. 

primary and secondary chambers. 
both chambers, and temperature control is accomplished by automatic 
modulation of combustion air flows. 
supply ducting for both primary and secondary air flows. 
continuous O2 or CO monitors in place. 

Table 7.0-1, the larger Consumat units that employ heat recovery are 
typically equipped with an ESP for particulate control. 
plant has a single 2-field ESP with PM emissions ranging from 0.04 to 
0.08 gr/dscf at 12 percent C02. Most existing plants are equipped with a 
2-field ESP; therefore. the model plant is equipped with a single 2-field 
ESP controlling emissions to 0.05 gr/dscf corrected to 7 percent 02. 
all three modules are ducted to a single boiler and ESP, there is also a 
single stack. 
plot plan of the model plant is shown in Figure 7.1-2. 

emissions data for the model plant. Baseline emissions data are assumed for 
the model based on a review of existing emissions data for plants similar in 
design. 
7 percent 02. 
measured at the boiler exit. 

The fuel-rich 

Secondary air 

The combustors are equipped with auxiliary fuel burners in both the - 
Temperatures are monitored continuously in 

Air flow pressures are recorded in the 
There are no 

7.1.2.2 Emission Control System Oesiqn and Operation. As shown in 

The Tuscaloosa 

Since 

Table 7.1-2 gives ESP operating data and stack parameters. 

7.1.2.3 Environmental Baseline. Table 7.1-2 also presents baseline 

A 

All emissions are reported at the boiler outlet, corrected to 
Uncontrolled COO/COF emission levels are 400 ng/dscm 

Research indicates that ESP's operating in 
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Figure 7.1-2. P l o t  Plan o f  Model P lant  
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t h e  500 t o  6OO0F temperature range promote format ion o f  CDD/CDF and can 
increase e x i t  concentrat ions by 50 percent over combustor e x i t  l e v e l s .  
Therefore, t h e  model p l a n t  i s  assumed t o  have CDD/CDF emissions o f  
600 ng/dscm a t  7 percent O2 a t  t h e  'stack under basel ine condi t ions.  

t h e  stack. Uncontrol led CO, HC1 and SO2 emissions are 100 ppmv, 500 ppmv 
and 200 ppmv, respec t ive ly .  
90 percent, and weight reduct ions are assumed t o  be 70 percent. 
7.1.3 Good Combustion Control .  The model p l a n t  i s  judged t o  have good 
combustion prac t ices  i n  place. Th is  i s  r e f l e c t e d  by the r e l a t i v e l y  low 
basel ine emission l e v e l s  a t  the b o i l e r  e x i t .  However, some add i t iona l  
v e r i f i c a t i o n  elements (monitor ing) are requ i red  t o  prov ide the operators 
w i t h  a means o f  mainta in ing des i red  emission performance leve ls ,  and there 
i s  a1so.a p o t e n t i a l  f o r  downstream form- ' ion o f  t race  organics t o  occur. 
Discussion i s  provided below regard ing c o r r e c t i v e  act ions needed t o  min imi fe  
these problems. 

V e r i f i c a t i o n  Measures. Continuous moni tor ing o f  CO and O2 i s  necessary t o  

v e r i f y  good combustion and operat ion a t  prescr ibed excess oxygen l e v e l s .  
These monitors should be i n s t a l l e d  i n  duc t ing  p r i o r  t o  t h e  b o i l e r  i n  order 
t o  moni tor  cond i t ions  i n  each u n i t .  The monitors w i l l  inc lude i n t e g r a t o r s  
and readouts i n  t h e  c o n t r o l  room. 
Downstream Temoerature Control .  
wi-11 be reduced from 6OO0F t o  45OoF. 
i n s t a l l a t i o n  o f  a separate economizer w i t h  adequate heat t r a n s f e r  surface t o  
achieve t h e  requ i red  temperature reduct ion.  
between t h e  b o i l e r  and t h e  ESP i s  adequate t o  a l low i n s t a l l a t i o n .  
-7.1-3 shows t h e  l o c a t i o n  o f  the proposed economizer.' A bypass duct  w i l l  be 
inc luded so t h a t  when r e p a i r s  t o  t h e  economizer are needed, a damper can 
d i r e c t  f l u e  gases around t h e  economizer i n t o  t h e  ESP. ,The r e s u l t  o f  th is .  

m o d i f i c a t i o n  i s  t h a t  the f l u e  gases are r a p i d l y  cooled t o  temperatures below 
which CDD/CDF may form, and the ESP, where residence t imes and p a r t i c u l a t e  
concentrat ions are higher,  does n o t  experience the temperature which 
promotes format ion.  

P a r t i c u l a t e  emissions are 0.15 gr /dscf  uncont ro l led  and 0.05 $r /dscf  a t  

Waste volume reduct ions are assumed t o  be 

7 .1 .3 .1  B s c r  i o t i o n  o f  Mod i f i ca t ions  

The f l u e  gas temperatures en ter ing  the' ESP 
The recommended modif , icat ion involves 

It i s  assumed t h a t  space 
F igure 
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Figure 7.1-3. Combustion modification equipment location. 
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B e t r o  f i t  Considerat i -  . It i s  est imated t h a t  the mod i f i ca t ions  can be 
completed dur ing  a scheduled outage w i t h  no unscheduled downtime. 

model p l a n t  w i l l  reduce CDD/CDF emission t o  400 ng/dscm a t  t h e  stack, 
cor rec ted  t o  7 percent 02. These reduct ions are a r e s u l t  o f  dropping the 
f l u e  gas temperatures below the range where downstream format ion o f  
CDD/CDF has been observed. A t  a f l u e  gas temperature o f  45OoF, CDD/CDF 
emissions a t  t h e  s tack are assumed t o  be t h e  same as a t  the combustor e x i t .  

The monitors w i l l  p rov ide t h e  operators w i t h  a means o f  prevent ing 
excess a i r  emissions by a l e r t i n g  them t o  t h e  need f o r  c o r r e c t i v e  ac t ion  i n  
t h e  event of poor operat ing condi t ions.  The mod i f i ca t ions  do no t  a f f e c t  PM 
o r  a c i d  gas emissions. 

i n  Table 7.1-3. To ta l  c a p i t a l  cos ts  f o r  t h e  r e t r o f i t  are $270,000. 
Annualized c a p i t a l  costs  are $36,000 per  year, based on a 15-year p l a n t  l i f e  
and a 10 percent i n t e r e s t  ra te.  
To ta l  annual ized costs, i n c l u d i n g  OBM and annualized capital, are $182,000 
per  year. 
7.1.4 Best P a r t i c u l a t e  Control  

0.15 gr /dscf  t o  0.05 gr /dscf  (corrected t o  7 percent 02). 
combustion p r a c t i c e s  are judged t o  already be i n  place, no change i n  i n l e t  
g r a i n  load ing  w i l l  be produced by combustor modi f icat ions.  Therefore, the 
basel ine PM emission r a t e  i s  equal t o  t h e  r a t e  i d e n t i f i e d  w i t h  moderate 
c o n t r o l  (0.05 gr /dscf ) ,  and no p l a n t  mod i f i ca t ions  w i l l  be requ i red  f o r  t h i s  
c o n t r o l  l e v e l .  

mat te r  c o n t r o l  (0.01 gr /dscf  emission r a t e )  w i t h  good combustion prac t ices  
and temperature c o n t r o l  t o  45OoF w i l l  r e q u i r e  an ESP w i t h  5,400 square f e e t  
of c o l l e c t i o n  area. 
area of t h e  e x i s t i n g  ESP, adding c o l l e c t i o n  p la tes  t o  t h e  e x i s t i n g  ESP i s  
n o t  a p r a c t i c a l  way t o  achieve t h e  des i red  performance. 

e x i s t i n g  ESP w i l l  be demolished and replaced w i t h  a new ESP o f  adequate 
s ize.  

7.1.3.2 b v i r o n m e n t a l  Performance. The mod i f i ca t ions  requ i red  f o r  the 

7.1.3.3 Q&. The c a p i t a l  costs  o f  the mod i f i ca t ions  are presented 

Annual costs are presented i n  Table 7.1-4. 

The ESP i n  p lace on t h e  model p l a n t  reduces PM by 62 percent, from 
Since good 

7.1.4.1 D e s c r i n t i o n  o f  Mod i f i ca t ions .  To achieve good p a r t i c u l a t e  

Since the requ i red  area i s  two and a h a l f  t imes the 

Instead, t h e  
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TABLE 7.1-3. PLANT CAPITAL COST FOR COMBUSTION MODIFICATIONS 
(Three units of 50 tpd each) 

Item cost (Sl,OOO) 

~~ 

DIRECT COSTS: 

Economizer with Feedwater System 
and Duct Modifications 

Oxygen and CO Monitors 
with Readouts and Integrators 

INDIRECT COSTS AND CONTINGENCIES: 

TOTAL CAPITAL COSTS 

DOWNTIME COST 

ANNUALIZED CAPITAL RECOVERY AND DOWNTIHE 

Total 

4 5  

135 
180 

90 

270 

0 

36 

- 

aAll costs are in December 1987 dollars. 
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TABLE 7.1-4. PLANT ANNUAL COST FOR COMBUSTION MODIFICATIONS 
' (Three units o f  50 tpd each) 

Item cost (S1,OOO) 

DIRECT COSTS: 

Operating Labor 
Maintenance Labor 
Maintenance Materials 

Total 

INDIRECT COSTS: 

Overhead 
Taxes, .Insurance, and Administration 
Capital Recovery and Downtime 

Total 

0 
42 
- 42 

04 

TOTAL ANNUALIZED COST 182 
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Fifty feet of new duct and a new ID fan will also be required. The new 
ESP will be erected in the same general area as the existing ESP; a plot 
plan is shown in Figure 7.1-4. No new monitoring equipment will be 
installed. Downtime will affect all three units at once and is estimated t o  

be one month. 
7.1.4.2 Environmental Performance . Particulate matter emissions will 

be reduced from 0.05 gr/dscf to 0.01 gr/dscf. The increased fly ash recovery 
will add 12 tons per year to the baseline solid waste disposal requirements 
for the plant. 

7.1.4.3 Costs. Capital cost requirements for particulate control 
upgrade are shown in Table 7.1-5. Demolition of the existing ESP will cost 
4400,000. The other major capital item is the PM control equipment. Total 
capital cost is $1,480,000. Downtime cost will be $162,000. Annual costs 
are dominated by capital recovery dnd annualized downtime cost and are 
expected to be 5298,000 per year. 
Table 7.1-6. 
7.1.5 Good Acid Gas Control. 

7.1.5.1 DescriDtion of Modifications. For good acid gas control, 
hydrated lime will be injected into the flue gas duct before the ESP. 
lime sorbent will be fed at a molar ratio of 2:l (calcium to acid gas) for a 
total rate of 113 lb/hr with two units operating. 
equipment will include a sorbent storage silo, a pneumatic sorbent transfer 
system, a sorbent feed bin, and pneumatic injection nozzles. To cool the 
flue gas from 45OoF to 35OoF, spray nozzles also located in the duct before 
the ESP will introduce 2 to 3 gpm of water. 
as the result of installing good combustion modifications, 6 to 7 gpm of 
cooling water will be required to cool the flue gas from 6OO0F to 35OoF. 
Fifty feet of new duct will be fabricated to contain the new water and 
sorbent nozzles. 

to collect the sorbent and fly ash with the economizer in place. 
Approximately 11,400 total square feet will be needed if combustor 
modifications have not been made. 
i s  not salvageable and will be demolished to make'room for a new ESP. 

Annual costs are presented in 

The 

Additional plant 

If an economizer is not present 

A total of 10,800 square feet of ESP collection area will be required 

Again, the existing 2200 square foot ESP 
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New ESP 
and IO Fan 

Building 

w 
Tipping 

Figure 7.1-4. P a r t i c u l a t e  control  equipment arrangement. 3 
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TABLE 7.1-5. PLANT CAPITAL COST FOR PARTICULATE MATTER CONTROLS 
(Three units o f  50 tpd each) 

Item cost (SlOOO) 

DIRECT COSTS: 

PM Controla 
Upgrade Costs 
Access/Congestion Cost 

Ducting Costs 

Other Equipment 

New Flue Gas Ductinga 

.Access/Congestion Cost 

Fan 
Stacks 
Demo1 ition/Relocation 

Total 

594 
198 

12 
3 

49 
0 

400 
1,210 

Indirect Costs and Contingencies 275 

Monitoring Equipment 0 

TOTAL CAPITAL COST 1,480 

DOWNTIME COST 154 

ANNUALIZED CAPITAL RECOVERY 215 

aBased on moderate access/congestion. 
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TABLE 7 . 1 - 6 .  PLANT ANNUAL COST FOR PARTICULATE MATTER CONTROLS 
(Three u n i t s  o f  50 tpd each) 

I tem costs (SlOOO) 

DIRECT COSTS: 

Operating Labor 
Supervision 
Maintenance Labor 
Maintenance M a t e r i a l s  
E l e c t r i c i t y  
Water 
Waste O i  sposal 
Monitors 

Tota l  

0 
0 

0 
3 
- 

INDIRECT COSTS: 
Overhead 19 

Taxes, Insurance, and 
Administrat ion 

Cap i ta l  Recovery and Downtime 
Tota l  

60 

215 
294 

TOTAL ANNUALIZED COST 297 
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Installation of a new ESP will also require 50 feet of new duct and a new ID 
fan. The proposed equipment arrangement is shown in Figure 7.1-5. New 
monitoring equipment for SO2, HC1, O2 and C02 is also included. Downtime is 
expected to be approximately one month. 

expected to be reduced 75 percent from boiler outlet levels. Reduced ESP 
operating temperatures will prevent additional formation in the ESP, so 
expected total CDD/CDF emissions of 100 ng/dscm are expected. Acid gas 
emissions will be reduced 80 percent for HC1 and 40 percent for SO2. 
Particulate matter emissions will be reduced from 0.05 gr/dscf to 
0.01 gr/dscf. 
year of solid waste to the plant baseline disposal requirements. 

are presented in Table 7.1-7 for baseline and good combustion practices. 
Total capital cost is $2,480,000 with baseline combustion and $2,450,000 
with good combustion. 
particulate and temperature control, though $400,000 is included for 
demolition of the existing ESP. A moderate access/congestion level is 
assumed for all new equipment installation. 

are associated with lime purchase and with operation and maintenance of the 
process monitors. Total annual cost of dry sorbent injection, including 
annualized capital and downtime is $726,000 with baseline combustion and 
$719,000 with good combustion. 
7.1.6 Best Acid Gas Control. 

in CDD/CDF, HC1 and SO2, a spray dryer/fabric filter system will be 
installed in place of the existing ESP. 
will be used to connect the new equipment to the existing stack. 
proposed equipment configuration is shown in Figure 7.1-6. 

Lime slurry will be introduced into the spray dryer at a calcium-to- 
acid gas ratio of 2.5:l. Water in the lime slurry equivalent to 8 gpm is 
needed to cool the gas stream from 600 to 30OOF. 
with good combustion would introduce only 4 gpm, since the economizer exit 
gas is already cooled to 45OoF. 

7.1.5.2 Environmental Performance. Total CDD/CDF emissions are 

Additional collected fly ash and sorbent will add 595 tons per 

7.1.5.3 Q&. Capital cost requirements for dry sorbent injection 

Most of the cost is associated with new equipment for 

Annual costs are presented in Table 7.1-8. The major operating costs 

7.1.6.1 PescriDtion of Modifications. To achieve greater reductions 

A total of 100 feet of new duct 
The 

The spray dryer installed 
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New ESP, 
Dun Sprays. 
and ID Fan 

Boiler 
bctually on 

-of 
combwton) 

@ Storage 

Tipping floor I. 
Figure 7,l-5. Dry sorbent i n j e c t i o n  equipment arrangement. 3 
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TABLE 7.1-7. PLANT CAPITAL COST FOR DRY SORBENT INJECTION WITH NEW ESP 
(Three u n i t s  o f  50 t p d  each) 

cost  ($1000) 

I tem Basel ine Combustion Good Combustion 
Pract ices Pract ices 

DIRECT COSTS: 

Equipment 
Access/Congestion Cost 

Equipment 
Access/Congestion Cost 

Duct ing Cost 
Access/Congestion Costs 

Other Equipment 
Fans 
Stacks 
Demo1 i t  i on/Rel ocat i on 

Acid Gas Contro la  

b P a r t i c u l a t e  and Temperature Control  

New Flue Gas Duct inga 

Tota l  

I n d i r e c t  Costs and Contingencies 

Moni tor ing Equipment' 

TOTAL CAPITAL COST 

DOUNTIHE COST 

. ANNUALIZED CAPITAL RECOVERY 

169 
17 

83 5 
174 

27 
9 

47 
0 

400 
1,680 
- 

538 

257 

2,480 

154 

346 

169 
17 

824 
172 

25 
9 

45 
0 

400 
1,660 

532 

257 

2,450 

154 

342 

- 

'Based on moderate access/congestion. 

bBased on h i g h  access/congestion f o r  temperature cont ro l  ductwork. 

'Turnkey. 
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TABLE 7.1-8. PLANT ANNUAL COST FOR DRY SORBENT INJECTION WITH NEW ESP 
(Three u n i t s  o f  50 tpd  each) 

I tem 

cost  ~$1000) 

Basel ine Combustion Good Combustion 
Pract ices Prac t ices  

DIRECT COSTS: 

Operating Labor 
Supervis ion 
Maintenance Labor 
Maintenance Ma te r ia l s  
E l e c t r i c i t y  
Water 
Lime 
Waste Disposal 
Moni tors  

Tota l  

INDIRECT COSTS: 

Overhead 
Taxes, Insurance, and 

Cap i ta l  Recovery and Downtime 
Admin is t ra t ion  

Tota l  

30 
5 
14 
i3 
17 
2 
36 
16 
103 
236 

55 

a9 
- 346 
490 

30 
5 
14 
13 
16 
1 
36 
16 
103 
234 

55 

a8 

485 
- 342 

TOTAL ANNUALIZED COST 726 719 
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New Spray Dryer, 
Fabric Filter, 
and ID Fan 

.< 

I ESP 

Tipping Floor 

Sorbent 
Storage 

- 

.Figure 7 .1 -6 .  Spray dryer/fabric filter equipment arrangement. 8 
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The lime receiving, storage and slurry area is also shown in 
Figure 7 . 1 - 6 .  
cloth area with good combustion or 7,600 square feet with baseline 
combustion. Both filters have a net air-to-cloth ratio of 4 : l .  The 
increased pressure drop of fabric filter over ESP will require a new ID fan. 
New monitoring equipment for HC1, SO2, C02, O2 and opacity will be 
installed. Downtime is expected to be one month. 

99 percent or to 5 ng/dscm (whichever is higher) are expected. 
particulate matter will be reduced to 0.01  gr/dscf. 
be reduced 90 percent for SO2 and 97 percent for HC1. 

7 . 1 . 6 . 3  Costs. Capital costs for installing a spray dryer/fabric 
filter system are shown in Table 7 . 1 - 9 .  Total capital costs are $4,490,000 
with baseline combustion and $4,200,000 with good combustion. 
include purchased equipment, installation, ESP demolition, and indirect 
costs such as engineering and contingencies. 

The fabric filter will have 7,300 square feet of effective 

7 . 1 . 6 . 2  Environmental Performance. CDD/CDF emission reductions of 
Emissions o f  

Acid gas emissions will 

These figures - 
A moderate level o f  access/ 

congestion was assumed. 

costs are for maintenance materials including bag replacement, and for 
maintenance o f  the process monitors. Total annual cost including capital 
recovery and annualized downtime is $1,180,000 with base1 ine combustion, and 
$1,120,000 with good combustion. 
7 . 1 . 7  Summary of Control Ootions 

7 . 1 . 7 . 1  Descriotion of Control Costs. The control technologies 
described in the previous sections have been combined into seven retrofit 
emission control options. 
particulate control, and acid gas control technologies described in Sections 
7 . 1 . 3  through 7 . 1 . 6  that were combined for each of the control options 
described in Section 3 . 0 .  
already achieves good PM control at baseline, Options 1 and 2 are identical. 

option is summarized in Table 7.1-12 .  
presents both the pollutant concentrations and emissions. The greatest 
reductions in acid gases, particulate matter, and total CDO/CDF are all 

Annual costs are presented in Table 7.1-10 .  Significant operating 

Table 7.1-11  summarizes the combustion, 

It should be noted that since the model. plant 

7 . 1 . 7 . 2  Environmental Performance. The performance of each control 
For each pollutant, the table 
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TABLE 7.1-9. PLANT CAPITAL COST FOR SPRAY DRYER WITH FABRIC FILTER 
(Three units o f  50 tpd each) 

costs ($1000) 

Item Base1 ine Combustion Good Combust i on 
Practices Practices 

DIRECT COSTS: 

Acid Gas Control 
Equipment 1,840 
Access/Congestion Cost 459 

New Flue Gas Ducting 
Ducting Cost 26 
Access/Congestion Cost 7 

Other Equipment 
Fans 56 
Stacks 0 
Demo1 i tion/Relocation - 400 

Total 2,780 

Indirect Costs 787 

1,700 
424 

25 
6 

48 
0 
A 
2,600 

726 

- 

Contingency 634 585 

Monitoring Equipmenta 286 286 

TOTAL CAPITAL COST 

DOWNTIHE COST 

ANNUALIZED CAPITAL 
RECOVERY AND DOWNTIME 

4,490 

154 

4,200 

154 

610 573 

aTurnkey. 
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TABLE 7.1-10. PLANT ANNUAL COST FOR SPRAY DRYER WITH FABRIC FILTER 
(Three units o f  50 tpd each) 

Item 

cost 1S1000) 

Baseline Combustion Good Combustion 
Practices Practices 

DIRECT COSTS: 

Operating Labor 
Supervision 
Maintenance Labor 
Maintenance Materials 
Electricity 
Compressed Air 
Water 
Lime 
Waste Disposal 
Monitors 

48 
7 

3 
40 
5 
2 

30 
20 

Total 341 
2 

INDIRECT COSTS: 

Overhead 78 
Taxes, Insurance, and 

Administration 152 
Capital Recovery and Downtime 610 

Total 840 

48 
7 

4 
1 

30 - 
20 

107 
328 

75 

140 
573 
788 

TOTAL ANNUALIZED COST 1,180 1,120 

Includes bag replacement costs o f  $7,000. a 
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achieved with the spray dryer/fabric filter system. The next most effective 
control for all these pollutants is the dry sorbent injection. Both sorbent 
addition technolog'ies increase sol id waste slightly (less than 10 percent 
above baseline). The CO emissions remain unchanged, at 100 ppm, for all 
control options. 

in Table 7.1-13. The most costly control option is Option 7, the spray 
dryer/fabric filter installation with the economizer for temperature 
control. Total annual cost for Option 7 is $1,300,000 per year. Overall, 
the costs of each option are higher for successively higher levels of 
control. 

7.1.7.4 Enersv Imoacts. 
impacts associated with the control options. The energy use figures shown 
are incremental use relative to baseline. 
operating the existing ESP are taken into account. There is no increase in' 
auxiliary fuel use because auxiliary burners are already in place on the 
model plant and are used under baseline operation. Note that there is a 
considerable electrical penalty for the spray dryer/fabric filter option 
(Option 6 vs. 7) for temperature control with humidification instead of the 
economizer installation. 
volume, from the injected water, which must be pulled through the fabric 
filter. 

7.1.7.3 Costs. The total annualized cost of each option is presented 

Table 7.1-14 presents a summary of the energy 

The energy savings from not 

The fan cost is increased because of increased gas 
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TABLE 7.1-14. ENERGY IMPACTS FOR LARGE MODULAR 
STARVED-AIR COMBUSTOR CONTROL OPTIONS~ 

~ ~~ 

.Option 
E l e c t r i c a l  Use 

( M W Y  r 1 

0 

0 

3 5 . 1  

345 

336 

885b 

7 70gb 0 

aIncrease from basel ine consumption. 
bExcludes the  e l e c t r i c a l  c r e d i t  for not  operating the ESP's. 
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7 . 2  SMALL MODULAR STARVED-AIR COMBUSTOR WITH RECIPROCATING GRATES 
This sec t ion  presents the r e t r o f i t  case study r e s u l t s  f o r  a s m a l l  ( u n i t  

s i z e  < 50 tpd)  modular s ta rved-a i r  MWC w i t h  rec ip roca t ing  grates.  As shown 
i n  Table 7 . 0 - 1 ,  f o u r  e x i s t i n g  f a c i l i t i e s  are represented by t h i s  node1 w i t h  

u n i t  s izes vary ing  from 25 t o  38 tpd. Sect ion 7 . 2 . 1  describes o f  t h e  
Waxahachie, TX, f a c i l i t y ,  which was v i s i t e d  t o  gather in fo rmat ion  f o r  model 
development. Sect ion 7.2.2 descr ibes o f  t h e  model p lan t .  Sections 7 . 2 . 3  
through 7 .2 .8  d e t a i l  t h e  r e t r o f i t  modi f icat ions,  est imated performance, and 
costs  associated w i t h  each c o n t r o l  opt ion.  
c o n t r o l  opt ions,  which are discussed i n  more d e t a i l  i n  Sect ion 2 .0  o f  t h i s  
r e p o r t .  
7 . 2 . 1  

The Waxahachie waste-to-energy p l a n t  cons is ts  o f  two modular MWC's, each 
w i t h  capac i ty  t o  burn 25 tons o f  municipal  s o l i d  waste (MSW) per  day. The 
u n i t s  are two-chamber designs w i t h  s t a r v e d - a i r  cond i t ions  i n  t h e  primary 
chamber and burnout o f  gases i n  the secondary. 
s ingle-pass f i r e t u b e  b o i l e r  and exhaust gases e x i t  t h e  system w i t h  no f u r t h e r  
t reatment.  The p l a n t  operates both un i ts  a t  f u l l  capaci ty  from 11:OO p.m. 

Sunday u n t i l  noon the f o l l o w i n g  Saturday, w i t h  r o u t i n e  maintenance t a k i n g  
p lace dur ing  downtime. The p l a n t  accepts r e s i d e n t i a l  and some commercial (no 
i n d u s t r i a l )  waste. Due t o  l i m i t a t i o n s  on storage and burning capac i t ies ,  MSW 
i s  r e g u l a r l y  routed t o  the 1 andf i 11. 

The p l a n t  was constructed and began operat ions i n  1982 using a Synergy 
g r a t e  system suppl ied by Clear A i r .  
p lanning/const ruct ion phase, a steam d e l i v e r y  cont rac t  was establ ished w i t h  
I n t e r n a t i o n a l  Extrusion, a subs id ia ry  o f  I n t e r n a t i o n a l  Aluminum. Ext rus ion 
agreed t o  purchase 15,000 l b / h r  ( o r  i t s  t o t a l  requirement, i f  l e s s )  o f  
100 p s i  steam. 
expensive f o s s i l  f u e l  a v a i l a b l e  t o  Extrusion, which was na tura l  gas. Process 
m o d i f i c a t i o n s  a t  Ext rus ion have c o n t i n u a l l y  reduced t h e  steam demands from 
t h e  waste f a c i l i t y  over t h e  l a s t  f i v e  years. 
p l a n t  t o  cont inue t o  produce so l i t t l e  steam f o r  Extrusion, and the C i t y  
f i n a l l y  d isso lved t h e  cont rac t  i n  August 1987. 
and f l u e  gases are being vented t o  t h e  dump stacks u n t i l  an a l t e r n a t e  steam 

Section 7 . 2 . 9  summarizes the 

2 

The u n i t s  mani fo ld  t o  a 

When t h e  waste p l a n t  was i n  t h e  

The p r i c e  o f  steam was based on the cost  o f  the l e a s t  

I t  was uneconomical f o r  the 

The b o i l e r  i s  c u r r e n t l y  i d l e  
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c o n t r a c t  i s  secured. 
p l a n t  t o  e s t a b l i s h  a new cont rac t  f o r  steam sales. 
secured i t  may resu-lt  i n  'I-day/week operat ion f o r  t h e  waste- f i red  
p l  ant .  

7.2.1.1 Combustor Desiqn and Oaeratinq Procedures. Trucks d e l i v e r  
waste and dump i t  on the t i p p i n g  f l o o r  where l a r g e  bulky i tems are .separated. 
A f r o n t  end loader  mixes the waste and charges each furnace. 
equipped w i t h  an automatic loader which holds approximately 2.5 bucket loads 
from the f r o n t  end loader .  When waste i s  charged and t h e  top door o f  the 
loader  c loses an automatic charging sequence begins. The f i r e  door opens and 
a ram extends, pushing the f u e l  i n t o  the primary combustion chamber. The ram 
then r e t r a c t s  and t h e  f i r e  door c loses. When the loader  top door opens, i t  

i s  then ready t o  rece ive  another charge. The t im ing  cyc le  i s  set  manually 
.and u s u a l l y  operates every f o u r  minutes. The seal on t h e  loader i s  not 
t i g h t ,  'and t h e  i n s i d e  o f  t h e  furnace can be seen through a 1- inch  gap 

' d u r i n g  charging. However, based on a v i s u a l  inspect ion,  i t  appeared t h a t  
t h e r e  are few o ther  p o i n t s  o f  a i r  in leakage t o  the system. 

The pr imary chamber i s  22'-9" long  by 7'-4" wide. It contains two 
separate g r a t e  sect ions separated by a v e r t i c a l  drop o f  about one foo t .  
sect ions are sloped 15' from h o r i z o n t a l ,  and each i s  equipped w i t h  an 
i n d i v i d u a l  a i r  plenum and r e c i p r o c a t i n g  grates which work by way o f  a rack 
and p in ion.  Grate speeds are s e t  manually t o  achieve good waste burnout. 
The r e c i p r o c a t i n g  a c t i o n  i s  c o n t r o l l e d  by a Texas Instruments control1,er 
(Model T I 5 ) .  
conveyers. Bottom ash i s  discharged from' t h e  lower g r a t e  sec t ion  t o  the 
water-quenched p i t  which i s  a lso  equipped w i t h  a drag conveyer. 
i s  b u r i e d  i n  t h e  l o c a l  l a n d f i l l .  
v i s u a l  observat ion o f  the bottom ash, and ash disposal  q u a n t i t i e s  are 
repor ted t o . b e  about f o u r  tons o f  ash per 50 tons o f  garbage (92 percent 
weight reduct ion) .  

The o r i g i n a l  Synergy grates were wedge-shaped cas t  i r o n  w i t h  a 2- inch 
nose on t h e  lower por t ion .  
i n  waste being pushed through t h e  system too  rap id ly ,  and burnout became a 

The p l a n t  i s  i n  negot ia t ing  w i t h  an adjacent product ion 
I f  t h i s  ,contract  i s  

Each u n i t  i s  

- 

The 

Grate s i f t i n g s  are conveyed t o  t h e  quench p i t  by drag 

Bottom ash 
Burnout appears t o  be f a i r l y  good based on 

This nose (combined w i t h  the 15' slope) resu l ted  
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problem. This has been resolved by replacing the Synergy grates with the 
flat 1/2-inch steel. plates which are cut and drilled on site. 

secondary chambers. Air flows are not measured directly for either the 
primary or the secondary supplies. 
chamber provide a signal to the computer controller that results in an 
automatic adjustment to each air system supply damper, thus maintaining a 
temperature set point. 
grates and the estimated retention time of gases in the primary chamber is 
1.2 seconds. 

Typical operating temperatures in the primary chamber vary from 1600 to 
1800OF. 
2 to 3 hours during process start-up. Constant pressure is maintained in the 
primary chamber by'the induced draft fan, which automatically adjusts a - 
damper setting based on a pressure reading from the primary chamber. A 
negative draft (approximately -0.2" H20) is maintained to avoid fugitive 
emission episodes. 

The secondary combustion chamber has a volume of 265 cubic feet and 
a gas residence time of 0.8 seconds. 
chamber through 16 holes, each 0.75 inches in diameter, located on a ring 
around the circumference at the entrance to the chamber. A second nozzle, 
four inches in diameter, injects additional air from the same header at a 
side wall location approximately three feet downstream of the radial ring. 
At the exit of the secondary chamber there are two nozzles, each six inches 
in diameter, which supply cooling air before the flue gases exit the chamber. 
A single forced-draft fan supplies all of the secondary air for one furnace. 
Neither of the secondary air fans were operating during the visit. 
personnel indicated that the induced-draft fan usually created enough draft 
to pull secondary air into the chamber at the required flow rate. 
secondary chamber gas burner fires automatically as needed to maintain a 
temperature setting in the secondary chamber. 
usually near 18OOOF. 
either be discharged through individual dump stacks, or manifolded and ducted 
to the firetube boiler and discharged through a single stack. 

Separate forced draft fans supply combustion air to the primary and 

Thermocouples located at the exit of each 

Primary air is supplied at low velocity through the 

The primary chamber contains a gas burner which is fired for about 

High-velocity air is injected into the 

Plant 

A 

The set point temperature is 
The flue gases exiting each secondary chamber may 
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When the boiler is operating, 60 percent of delivered steam is returned 
as condensate. 
personnel concerning maintenance indicated that the firetube boiler has 
performed adequately when operated-. 
wire brush. 

Water treatment is performed on site. Discussions with plant 

Tubes are cleaned once per week with a 

7.2.1.2 Emission Control System Desian and ODeration. No air pollution 
control device (APCD) is currently in place. 
the unit is stack tested for particulate matter emissions yearly by the State 
Air Control Board, but the results have not been forwarded to the plant. 
Smoke emissions were less than 5 percent opacity during the 4 hours o f  the 
visit. 
7.2.2 Descriation of Model Plant 

7.2.2.1 Combustor Desiqn and ODeration. The model facility consists of 
two 25-tpd modular combustors that operate 5 days per week, 24 hours per day. 
Typical of most smaller modular starved-air MWC's, there is no heat recovery 
in place at the model facility. 
to move the waste through the primary combustion chamber. A plot plan of the 
model plant is shown in Figure 7.2-1. 

chambers connected by a vertical breeching. 
chamber by a hydraulic ram. The ram frequency is adjusted manually and 
controlled automatically. The primary chamber contains two reciprocating 
grate sections that move the waste through the system. The grates have 
separate sets of underfire air plenums which provide primary air at 
substoichiometric conditions. Primary air flows are adjusted automatically 
to maintain the primary chamber temperature at 16OO0F. The distribution of 
air to each of the plenums can be manually adjusted. Grate speeds are 
manually set and adjusted. 

The fuel-rich gases from the primary chamber flow through the refractory 
breeching into the secondary chamber, where they are miked with high pressure 
secondary air to complete the combustion process. 
supplied in the secondary chamber so that the combined air supply system 
provides 100 percent excess air. At 100 percent excess air, total air flow 
exiting the secondary chamber is approximately 3400 SCfm (3200 dscfm) per 
unit. 

The Plant Manager stated that 

Rather than transfer rams, grates are used 

Each unit consists o f  refractory-1 ined primary and secondary combustion 
Waste is fed to the primary 

Excess air quantities are 

The primary and secondary air flow rates are controlled automatically 
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Figure 7 . 2 - 1  Plot Plan o f  Model Plant 
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in response to temperature readings in each combustion chamber. 
temperature set points are 1600OF at the exit of the primary chamber and 
1800°F at the exit o f  the secondary chamber. Auxiliary fuel burners are 
located in each chamber and are used during start-up. 
continuous flue gas monitors in place at the model plant. The combustor 
exhaust gases are manifold from the exit of the secondary combustion chamber 
to a water quench chamber, where they are cooled to 45OoF before being 
discharged to the atmosphere through a single stack. 

equipped with an APCD. AS shown in Table 7 . 0 - 1 ,  small modular starved-air 
plants typically are not equipped with any air pollution control devices 
(APCD's). For retrofitting new APCD's, a moderate access and congestion 
level is assumed. It is assumed that this level is typical for plants in 
this subcategory. 
combined flue gas flow rate of both combustors. 

data for the model plant. The model plant is assumed to have CDD/CDF 
emission 400 ng/dscm, corrected to 7 percent 02. Both uncontrolled PM and 
CO emissions are assumed to be relatively lcw (0.15 gr/dscf and 100 ppmv, at 
7 percent 02,  respectively) which indicate good combustion practices are 
essentially in place. 
500 and 200 ppmv at 7 percent 02, respectively. 
combustion process reduces waste volume by 90 percent and weight by 70 
percent. 
7.2.3 Good Combustion Control 

verification measures, the model plant is judged to have good combustion 
practices in place. This is reflected by the relatively low baseline 
emissions, 
the combustor design specifications. 
limited to the installation of continuous CO and O2 monitors in the stack to 
provide verification of good combustion and proper excess air levels. 
monitors should be installed with integrators and readout in the control 

The desired 

There are no 

7 .2 .2 .2  Emission Control Svstem and Operation. The model plant is not 

For this case study, one APCD will be costed based on the 

7.2.2.3 bvironmental Baseline. Table 7.2-1 presents baseline emission 

Uncontrolled HC1 and SO2 emissions are estimated to be 
It is assumed that the 

7.2.3.1 Descriotion of Modifications. With the exception o f  some 

Operating practices are assumed to be kept within the limits of 
The recommended modifications are 

The 
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TABLE 7.2-1. MODEL PLANT BASELINE DATA FOR SMALL MODULAR 
STARVED-AIR MWC WITH RECIPROCATING GRATES 

Combustor: 

Type 

Number o f  Combustors 
Combustor U n i t  Capaci ty 

Emission Contro ls  

Flue Gas F l o w  Ratea 

b Emissions: 

CDD/CDF ( t e t r a - o c t a )  
PM (s tack)  
co .. 
HC1 
so2 

Operating Data: 

Remaining P lan t  L i f e  
Annual Operating Hours 
Annual Operating Cost 

- Modular Starved-Air ,  

- 2  
- 25 t p d  

Reciprocat ing Grate 

- None 

- 15,500 acfm a t  1800°F 

- 400 ng/dscm 
- 0.15 gr /dscf  
- 100 ppmv 
- 500 ppmv 
- 200 ppmv 

- 15 years 
- 6,500 hours 
- $557,00O/year 

aper combustor. 

b A l l  emissions a r e  dry, cor rec ted  t o  7 percent 02, 
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room. 
during a schedule outage with no unscheduled downtime. 

verification of proper combustion operation. No changes in emissions from 
base1 ine are expected. 

7.2.3.3 Good CombuStion Control Costs. The capital costs o f  the 
modification' are presented in Table 7.2-2. Total capital costs are estimated 
to be $117,000. Annual costs are presented in Table 7.2-3. Annualized 
capital is 515,000 based on a 15-year facility life and a 10 percent interest 
rate. Total annualized costs are 184,000 per year, including annualized 
capital and O&M. 
7.2.4 Mod erate Particulate Control 

(0.08 gr/dscf) will require the additional of a new ESP with 2,050 square 
feet of plate area. This ESP is sized to handle the flue gas from both 
combustors. It is assumed that there is sufficient space beyond the existing 
stack to locate the ESP, and that access/congestion constraints are moderate. 
Forty-five feet of flue gas ducting would be required to connect the water 
quench to the ESP and connect the ESP outlet to a new stack. Besides a new 
stack, a new 1.0. fan is included to handle the additional pressure drop o f  

the new ESP and ductwork. 
reduction system is included. The opacity monitor is to be located at the 
outlet of the ESP. 
ductwork, new 1.0. fan, and new stack. 

month for ductwork tie-ins. 

be reduced from baseline levels of 0.15 gr/dscf to 0.08 gr/dscf. This 
additional fly ash recovery will add 9 tons/year (dry) to the solid waste 
disposal requirements. 
this modification. 

7.2.4.3 &&. Capital cost requirements for moderate particulate 
control are presented in Table 7.2-4. The major cost item is the particulate 
control equipment. Total capital cost is estimated to be $580,000. This 

It is estimated that installations of the monitors can be completed 

7.2.3.2 Environmental Performance. The modifications will provide 

7.2.4.1 pescriDtion of Modifications. To achieve moderate PM control 

In addition, cost for an opacity monitor and data 

Figure 7.2-2 also shows the location of the ESP, 

Downtime will affect both combustors at once and is estimated at one 

7.2.4.2 Environmental Performance. Particulate matter emissions will 

CDD/COF and acid gas emissions are not affected by 

~ 
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TABLE 7.2-2. PLANT CAPITAL COST FOR COMBUSTION MODIFICATIONS 
(Two units at 25 tpd each) 

Item costs (S1,OOO) 

DIRECT COSTS: 

Oxygen and CO Monitors 
with Readouts and Integrators 

Total 

Indirect Costs and Contingency 

TOTAL CAPITAL COSTS 

DOWNTIHE COST 

ANNUALIZED CAPITAL COSTS 

- 90 

90 

27 

117 

0 

15 
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TABLE 7.2-3. PLANT ANNUAL COST OF COMBUSTION MODIFICATIONS 
(Two units at 25 tpd each) 

Item costs (S1,OOO) 

DIRECT COSTS: 

Maintenance labor 
Maintenance Materials 
Operating Labor 

Total 

INDIRECT COSTS: 

Overhead 
Taxes, Insurance, and 

Capital Recovery and Downtime 
Admi ni strati on 

Total 

20 
20 
0 

40 
- 

24 
5 

15 

44 
- 

a4 
TOTAL ANNUALIZED COST 
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Figure 7.2:2. Plot Plan o f  Temperature and Particulate Control Equipment 



TABLE 7.2-4 PLANT CAPITAL COST FOR PARTICULATE MATTER CONTROLS 
(Two units o f  25 tpd each) 

Item 
costs ($1.0001 

Moderateb Good PM Best PM 
PM Control Control Control 

DIRECT COSTS: 

Equi pment 
Access/Congestion Cost 

Equipment 
Access/Congestion Costs 

Ducting Costs 
Access/Congest i on Cost 

Other Equipment 
Fan 
Stack 
Demo1 ition/Relocation 

Particulate Controla 

Temperature Control 

New Flue Gas Ductinga 

Total 

Indirect Costs and Contingencies 

Monitoring Equipment 

TOTAL CAPITAL COST 

DOWNTIME COSTS 

ANNUALIZED CAPITAL RECOVERY AND . 
DOWNTIME 

226 
56 

0 
0 

9 
3 

35 
100 

0 
429 

90 

60 

580 

19 

79 

- 

302 
75 

0 
0 

9 
3 

35 
100 
0 

524 
90 

60 

675 

19 

92 

562 
141 

0 
0 - 
9 
3 

35 
100 
0 

850 

90 

60 

1,000 

19 

135 

- 

~ 

aTurnkey 

bModerate PM control is 0.08 gr/dscf at 7 percent 02. 
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cost includes purchase equipment, installation, and indirect costs such as 
engineering and contingencies. 
1 eve1 . 

recovery and downtime. Indirect annual costs including capital recovery and 
downtime are estimated to be 5112,000 per year. Direct operating and 
maintenance costs are estimated at $31,000 per year. Thus, total annualized 
cost for moderate PM control is estimated at $144,000 per year. 
7.2.5 Good Particulate Control 

(0.05 gr/dscf) will require the addition of a new ESP with 5,590 square feet 
of plate area. 
combustors. It is assumed that there is sufficient space beyond the existing 
stack to locate the ESP, and that access/congestion constraints are moderate. 
Approximately 45 feet of flue gas ducting would be required to connect the 
water quench chamber to the ESP and connect the ESP outlet to a new stack. 
Besides a new stack, a new 1.0. fan is included to handle the additional 
pressure drop of the new ESP and ductwork. 
monitor and data reduction system is included. 
located at the outlet of the ESP. 
the ESP, ductwork, new 1.0. fan, and new stack. 

Downtime will affect both combustors at once and is estimated at one 
month for ductwork tie-ins. 

7.2.5.2 Environmental Performance. Particulate matter emissions will 
be reduced from baseline levels of 0.15 gr/dscf t o  0.05 gr/dscf. 
additional fly ash recovery will add 13 tons/year (dry) to the solid waste 
disposal requirements.. CDD/CDF and acid gas emissions are not affected by 
this modification. 

are presented in Table 7.2-4. 
equipment. Total capital cost is estimated to be $524,000. 
includes purchased equipment, installation, and indirect costs such as 
engineering and contingencies. 
level. 

Estimates assume moderate APCD congestion 

Annual costs are presented in Table 7.2-5 and are dominated by capital 

7.2.5.1 DescriDtion of Modifications. To achieve good PM control 

This ESP is sized to handle the flue gas from both 

In addition, cost for an opacity 
The opacity monitor is to be 

Figure 7.2-2 also shows the location of 

This 

7.2.4.3 w. Capital cost requirements for good particulate control 
The major cost item is the particulate control 

This figure 

Estimates assume a moderate APCD congestion 
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TABCE 7.2-5 PLANT ANNUAL COST FOR NEW PARTICULATE MATTER CONTROLS 
(Two u n i t s  of 25 tpd  each) 

I tem 
costs  

Moderate Good PM . B e s t  PM 
PM Contro la  Contro l  Control  

DIRECT COSTS: 

10 10 10 
1 1 1 

Operating Labor 
Supervis ion 
Maintenance Labor 5 5 5 
Maintenance Mater ia ls  4 5 8 
E l e c t r i c i t y  1 2 3 
Water 0 0 0 
Waste Disposal 0 0 0 

8 Monitors - 8 8 
Tota l  29 31 3: - 

INDIRECT COSTS: 

Overhead 12 13 15 
Taxes, Insurance, and 

Admin is t ra t ion  21 25 38 
Capi ta l  Recovery and Downtime 79 2 2  - 135 

TOTAL ANNUALIZED COST 141 160 221 

- 
188 Tota l  112 129 

aModerate PM c o n t r o l  i s  0.08 gr /dscf  a t  7 percent O2 



Annual costs are presented in Table 7.2-5 and are dominated by 
annualized capital recovery and downtime. Indirect annual costs 
including capital recovery and downtime are estimated to be $129,000 per 
year. 
year. Thus, total annualized cost for,good PM control is estimated at 
$160,000 per year. 
7.2.6 Best Particulate Control 

(0.01 gr/dscf), a single new ESP with approximately 15,900 square feet of 
collection area will be installed to serve both combustors. The new 
ESP, ductwork, I.D. fan, and new stack are located as shown in Figure 7.2-2. 
An opacity monitor is located at the outlet of the new ESP. 
45 feet of new ducting will be required. Downtime will affect both 
combustors at once and ; s  estimated at 1 month for ductwork tie-ins. 

7.2.6.2 Environmental Performance. Particulate matter emissions will - 
be reduced from 0.15 gr/dscf to 0.01 gr/dscf. The additional recovered fly 
ash will add 19 tons/yr to.the site total solid waste disposal requirements. 
CDD/CDF and acid gas emissions are not affected by this modification. 

control are presented in Table 7.2-4. 
$1,000,000. This includes purchased equipment, installation, and indirect 
costs such as engineering and contingencies. 
APCD congestion level. 

annualized capital recovery and downtime. 
are $188,000 per year. 
at $34,000 per year. 
estimated at $221.000 per year. 
7.2.7 Good Acid Acid Gas Control 

sorbent will be injected into the new ductwork between the water quench 
chamber and a new fabric filter. The flue gas flow rate at the water quench 
chamber outlet is 15,500 acfm at 30OOF. This temperature reduction is 
achieved by adding an additional 5 gpm o f  water in the water quench chamber. 
New equipment for dry sorbent injection includes one sorbent storage silo, a 

Direct operating and maintenance costs are estimated at $31,000 per 

7.2.6.1 Descriation of Modifications. To achieve best PM control 

Approximately 

7.2.6.3 w. Capital cost requirements for the best particulate 
Total capital cost is estimated to be 

Estimates assume a moderate 

Annual costs are presented in Table' 7.2-5 and are dominated by 
Indirect annual costs 

Direct operating and maintenance costs are estimated 
Thus, total annualized cost for best PM control. is 

7.2.7.1 Descr iotion of Modifications. For good acid gas control, dry 
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pneumatic sorbent transport system, one sorbent feed bin, and a pneumatic 
sorbent injection system. 
calcium-to-acid gas molar ratio of 2:l. 
sorbent injection rate of 57 lb/hr. Approximately 6,460 square feet o f  
fabric filter cloth will be required based on a gross air-to-cloth ratio o f  
3:l. A new I.D. fan and 70 feet of new ductwork will also be required. 

access/congestion levels were assumed for the ductwork and fabric filter. 
Moderate access/congestion levels were also assumed for the lime receiving, 
storage, and conveying equipment. New monitoring equipment for SO2, HC1, and 
O2 is also included and i s  located upstream of the sorbent injection area and 
also at the outlet of the fabric filter. 
will be located at the outlet of the fabric filter. Downtime is estimated at 
1 month for ductwork tie-ins. 

be reduced by 75 percent from inlet levels. Acid gas emission reductions are 
80 percent for HC1 and 40 percent for SO2, respectively. Emissions of PM are 
0.01 gr/dscf. This technology will add 255 tons/year of sorbent and fly ash 
to the baseline solid waste disposal requirements. 

presented in Table 7.2-6. 
Most of the cost is associated with new particulate control. This estimate 
assumes moderate APCO access/congestion level. 

Annual OM and indirect costs are presented in Table 7.2-7. The major 
operating cost i s  monitoring equipment maintenance. The largest annualized 
cost i s  annualized capital recovery and downtime. The total annualized costs 
for the modification are $534,000 per year. Capital and OM costs are the 
same for baseline and good combustion conditions since flue gas flow rate and 
acid gas content are the same for each case. 
7.2.8 Best Acid Gas Control 

spray dryer/fabric filter system will be installed. Lime slurry will be fed 
to a single spray dryer at a 2.5:l molar calcium-to-acid gas ratio. 
will be slurried in sufficient water to cool the flue gas from 450°F to 

Hydrated lime sorbent will be fed at a 
At full load, this requires a 

Figure 7.2-3 shows the location of the equipment. Moderate 

In addition, an opacity monitor 

- 
7.2.7.2 Environmental Performance. CDD/CDF emissions are expected to 

7.2.7.3 &&. Capital cost requirements for dry sorbent injection are 
Total capital cost is estimated at $1,430,000. 

7.2.8.1 DeSCriDtiOn of Modifications. For best acid gas control, a new 

Lime 
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TABLE 7 . 2 - 6 .  PLANT CAPITAL COST FOR DRY SORBENT INJECTION WITH FABRIC FILTER 
(Two units o f  25 tpd each) 

Item costs (rl,ooo) 

DIRECT COSTS: 

Acid Gas Control 
Equipment 
Access/Congestion Costa 

Equipment 
Access/Congestion Cost 

New Flue Gas Ducting 
Ducting cost 
Access/Congestion Cost 

Other Equipment 
Fan 
Stacks 

Particulate and Temperature Control 

Demo1 i ti on/rel ocat i on 
Total 

Indirect Costs and Contingencies 

Monitoring Equipmenta 

TOTAL CAPITAL COST 

DOWNTIHE COST 

ANNUALIZED CAPITAL RECOVERY 

158 
16 

267 
167 

14 
4 

33 
59 
9 
618 

527 

286 

1,430 

19 

191 

aTurn key. 
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TABLE 7 .2 -7 .  PLANT ANNUAL COST FOR DRY SORBENT INJECTION 
WITH FABRIC FILTER (Two u n i t s  a t  25 tpd each) 

costs (51,000) I tem 

DIRECT COSTS: 

Operating Labor 
Supervision 
Maintenance Labor 
Maintenance mater ia l  sa 
E l e c t r i c i t y  
Compressed Air 
Water 
Lime 
Waste Disposal 
Monitors 

Total  

INDIRECT COSTS: 

Overhead 
Taxes, Insurance, and Administration 
Cap i ta l  Recovery and Downtime 

Total  

39 
6 

16 
33 
20 

2 
0 

I5  
6 

19z 
244 

53 
46 

290 

TOTAL ANNUALIZED COST 534 

aIncludes 55,000 for bag replacement. 
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30OoF. 
6,460 square feet o f  cloth (gross air-to-cloth ratio of 3 : l )  will be 
installed following the spray dryer. 

This arrangement will require about 100 total feet o f  new duct, which 
will connect the water quench chamber and spray dryer/fabric filter to the 
combustor exit and to a new stack. The proposed equipment layout is 
illustrated in Figure 7.2-4. 
receiving, storage, and slurry area and the location of the waste storage 
silo. 
gas ducting, spray dryer/fabric filter and the sorbent preparation and waste 
silo. 
the inlet to the spray dryer and the outlet of the fabric filter. Also, an 
opacity monitor will be installed at the outlet of the fabric filter. 
Downtime is expected to be 1 month for ductwork tie-ins. 

decrease to 5 ng/dscm. 
0.01 gr/dscf. 
for HC1. 

7.2.8.3 Costs. Capital cost requirements for installing a spray 
dryer/fabric filter system are presented in Table 7.2-8. Total capital cost 
is estimated at $3,320,000 for both baseline and good combustion conditions 
and includes purchased equipment, installation, and indirect costs such as 
engineering and contingencies. 
congestion. 

Annual O&M and indirect costs are presented in Table 7.2-9. 
significant annual costs are maintenance materials including bag replacement 
and annualized capital recovery and downtime. Total annualized cost of good 
acid gas control would be $880,000 per year. 
7.2.9 Summarv o f  Control Ontions 

described in the previous sections have been combined into seven retrofit 
emission control options. Table 7.2-10 summarizes the combustion, 
particulate, and acid gas control technologies described in Sections 7.2.3 
through 7.2.8 that were combined for each of the control options described in 

Flue gas flow rate at 3OO0F is 7,750 acfm. A fabric filter with 

This sketch also shows the location of the lime 

Access and congestion levels are assumed to be moderate for the flue 

New monitoring equipment for HC1, SO2, O2 will be installed at both 

7.2.8.2 Environmental Performance. CDD/CDF emissions are expected to- 
Emissions of particulate matter will be reduced to 

Acid gases will be reduced 90 percent for SO2 and 97 percent 

Estimates assume moderate access and 

The most 

7.2.9.1 DescriDtion of Control ODtions. The control technologies 
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TABLE 7.2-8. PLANT CAPITAL COST FOR SPRAY DRYER WITH 
FABRIC FILTER (Two u n i t s  a t  25 t p d  each) 

I tem 

~~ 

costs  ($1,000) 

DIRECT COSTS: 

Acid Gas and P a r t i c u l a t e  Control  
Equipment 
Acce;s/Cmgestion Cost 

New Flue Gas Duct ing 
Duct ing cos t  
Access/Congestion Cost 

Fan 
Other Equipment 

Stacks 
Demo1 i t i  on/re l  ocat ion 

Tota l  

I n d i r e c t  Costs and Contingencies 

Mon i to r ing  Equipmenta 

TOTAL CAPITAL COST 

DOWNTIME COST 

ANNUALIZED CAPITAL RECOVERY 

1,430 
3 sa 

21 
5 

35 
59 
0 

1,910 
- 
1,120 

286 

2,320 

19 

439 

aTurnkey 
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TABLE 7.2-9. PLANT ANNUAL COST FOR SPRAY DRYER WITH 
FABRIC FILTER (Two units at 25 tpd each) 

Item costs (S1,OOO) 

DIRECT COSTS: 

' Operating Labor 
Supervision 
Maintenance Labor 
Maintenance materials 
Electricity 
Compressed Air 
Water 
Lime . 
Waste Oisoosal 
Monitors ' 

Total 

INDIRECT COSTS: 

Overhead 
Taxes, Insurance, and Administration 
Capital Recovery and Downtime 

Total 

TOTAL ANNUALIZED COST 

39 
6 

::a 
19 

2 
0 

12 
0 

E2.l 
250 

62 
121 
- 439 
622 

880 

aIncludes $5,000 for bag replacement. 

1-62 



s 
d 
Y 
P 
4 ” ” 

x 

Y x 

x x 

x 

x X 

x x x 

1 

7-63 



Section 3.0. 
combustion at baseline, Options 4 and 5 are identical, and Options 6 and 7 
are identical. 

option is summarized in,Table 7.2-11. 
both the pollutant concentrations and annual emissions. 
reductions in acid gases, particulate matter, and CDD/CDF all are achieved 
with the spray dryer/fabric filter system. The next most effective control 
for all these pollutants is dry sorbent injection. Both sorbent addition 
technologies increase the baseline solid waste disposal by about six percent. 
No combustion m o d i f i c a p s - w e r e  a p p r d a t e .  Therefore, CO emissions remain 
unchanged, at 100 ppm, for all control options. 

in Table 7.2-12. The most expensive control option (Option 7) on an 
annualized basis is the spray dryer/fabric filter installation at $1,000,000~. 
This cost is roughly a factor of 8 higher than the cost for Option 1. 
Overall, both capital and annualized costs are higher for higher levels of 
control. 

associated with the control options. 
use. 
fabric filter consume the most electricity. There is no increase in 
auxiliary fuel use because auxiliary burners are already in place on the 
model plant and burn the same amount of fuel under baseline and the other 
control options. 

It should be noted that since the model plant achieves good 

7.2.9.2 Environmental Performance. The performance of each control 
For each pollutant the table presents 

The greatest 

7.2.9.3 Costs. The total annualized cost of each option is presented 

7.2.9.4 Enerav ImDacts. Table 7.2-13 summarizes the energy impacts 
The energy use figures are incremental 

Both the dry sorbent injection with fabric filter and spray dryer with 
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TABLE 7.2-13. ENERGY IMPACTS FOR SMALL YODULAR STARVED-AIR 
COMBUSTOR CONTROL OPTIONS 

Option 
E l e c t r i c a l  Use 

( M W Y  r 1 

0 

20.4 

27 .0  

437 

5 437 0 

6 

7 

424 

424 

0 

0 

a Increase from basel ine  consumption. 
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8.0 MODULAR EXCESS-AIR COMBUSTORS 

The popu la t ion  o f  modular excess-a i r  municipal  waste combustors (MWC's) 
cons is ts  o f  10 f a c i l i t i e s .  
capac i t ies  ranging i n  s i z e  from 8 t o  120 tpd. Several manufacturers supply 
modular excess-a i r  designs, i n c l u d i n g  Vicon/Enercon, Cadoux, Sigoure Freres, 
and O l i v i n e .  The Vicon/Enercon f a c i l i t i e s  comprise t h e  l a r g e s t  share o f  the 
popu la t ion  i n  terms o f  o v e r a l l  capac i ty  (1200 tpd) .  
of t h e  Vicon/Enercon design i s  g iven i n  t h e  case study i n  Sect ion 8.1. 

r e f r a c t o r y - 1  ined pr imary chamber where burning takes p lace on o s c i l l a t i n g  
grates.  
burned ou t  i n  a r e f r a c t o r y - l i n e d  secondary chamber and then f l o w  t o  a waste 
heat bo i  1 er.  - 
200OOF. 
g r a t e  and t h e  remainder i s  suppl ied i n  t h e  secondary post-combustion 
chamber. They system r e p o r t e d l y  operates a t  15 percent excess O2 
(approximately 250 percent excess-a i r )  a t  the b o i l e r  o u t l e t .  Typica l  b o i l e r  
e x i t  gas temperatures range from 450 t o  50OoF. 

burned i n  t h e  pr imary chamber on a r e v o l v i n g  angular hear th  which i s  covered 
by a grate.  Ten automatic pokers s toke t h e  burning waste bed on t h e  hear th 
as i t  revolves.  
suppl ied i n  t h e  pr imary chamber as undergrate a i r  and through s idewal l  
o v e r f i r e  a i r  nozzles. Combustion gases f l o w  t o  a c y c l o n i c  post-combustion 
chamber where burnout i s  completed, and then t o  a waste heat b o i l e r .  
system r e p o r t e d l y  operates a t  12 t o  14 percent excess O2 (150 t o  200 percent 
excess-a i r ) .  

These p l a n t s  have i n d i v i d u a l  combustor 

A complete d e s c r i p t i o n  

The Cadoux design inc ludes h y d r a u l i c  forks which load t h e  waste i n t o  a 

Under f i re  a i r  i s  suppl ied beneath the grates.  Combustion gases are 

Temperatures i n  Lhe secondary chamber r e p o r t e d l y  approach 
Approximately 33 percent o f  t h e  t o t a l  a i r  i s  added beneath t h e  

The Sigoure Freres system i s  a l s o  a two-chamber design. Waste i s  

Approximately 80 percent o f  t o t a l  combustion a i r  i s  

The 
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8.1 INTRODUCTION 
This sec t ion  presents the case study r e s u l t s  f o r  a mass burn modular 

excess-a i r  MWC. 
P i t t s f i e l d ,  MA, which was v i s i t e d  t o  gather  in format ion f o r  model development. 
Sect ion 8.1.2 presents a d e s c r i p t i o n  o f  the model p lan t .  
through 8.1.6 d e t a i  1 the r e t r o f i t  mod i f i ca t ions ,  est imated performance, and 
costs associated with each cont ro l  opt ion.  Section 8.1.7 presents a summary 
o f  t h e  c o n t r o l  opt ions,  which are discussed i n  more d e t a i l  i n  Sect ion 3.0 o f  
t h i s  repor t .  
8.1.1 

The p l a n t  handles a l l  the waste generated i n  the P i t t s f i e l d  community and 
accepts waste from an add i t iona l  s i x  towns i n  t h e  surrounding area. 
f a c i l i t y ' o c c u p i e s  a 5-acre s i t e  and has th ree  modular excess a i r  r e f r a c t o r y -  
wa l l  combustors. 
s o l i d  waste (MSW) per  day. 
d e s i g n ' w i t h  f l u e  gas r e c i r c u l a t i o n  (FGR). 
technology. F igure 8.1-1 i l l u s t r a t e s  t h e  P i t t s f i e l d  p l a n t  layout ,  inc lud ing  
the three'combustor t r a i n s  which are in tegra ted  w i t h  two waste heat b o i l e r s .  
Two waste heat recovery b o i l e r s  are used t o  generate steam f o r  sa le t o  a 

nearby paper manufacturer (Crane Company). 
dampers a l low operat ion o f  any two o f  t h e  th ree  combustors w i t h  t h e  two waste 
heat boi lers, .  A i r  p o l l u t a n t  emissions are co.ntrol led by the unique combustion 
process and by an e l e c t r i f i e d  granular  bed (EGB), suppl ied by Combustion 
Power Company, Inc.  Table 8.1-1 presents P i t t s f i e l d  p l a n t  design data. 

p i t  o r  onto a t i p p i n g  f l o o r .  
Transfer  s t a t i o n s  are located a t  t h e  s i d e  o f  the p l a n t  where i n d i v i d u a l s  a r e  
permi t ted  t o  dump waste. The t r a n s f e r  p o i n t  a l lows l a r g e  haulers  t o  have 
p r i o r i t y  i n  accessing t h e  p i t  and t h e  t i p p i n g  f l o o r .  
from t h e  p i t  t o  t h e  t i p p i n g  f l o o r  where a f ront -end loader  charges the 
combustors. 

Sect ion 8.1.1 presents a d e s c r i p t i o n  o f  t h e  p l a n t  located i n  

Sections 8.1.3 

Descr iDt ion o f  t h e  P i t t s f i e l d .  MA Plant '  
The P i t t s f i e l d  waste-to-energy p l a n t  began commercial operat ion i n  1981. 

The 

Each combustor has a r a t e d  capaci ty o f  120 tons o f  m u n i c i i a l  
The combustion system i s  an Enercon multi-chamber 

Vicon i s  the l i c e n c e  o f  Enercon 

Cross-connected breechings and 

Waste i s  d e l i v e r e d  t o  the p l a n t  where it can be dumped i n t o  a storage 
The p l a n t  has th ree  days waste storage capaci ty .  

A crane t r a n s f e r s  MSW 
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TABLE 8.1-1. PITTSFIELO, MASSACHUSETTS DESIGN OATA 

Combustor: 

Type 
Manufacturer 
Number of Combustors 
Combustor Unit Capacity 

Emission Controls: 

Type 
Manufacturer 
Number of EGB's 
Operating Temperature 
Particulate Emi ssions 
Gas Flow (each EGB) at 475OF 
G a ?  Velocity 

- Modular Excess-air 
- Enercon/Vicon 
- 3  
- 120 tpd each 

- Electrified Granular Bed (EGB) 
- Combustion Power Co., Inc. 
- 2  
-. 475OF 
- 0.04 gr/dscf at 12% C02 
- 25,000 acfm 
- 1.5 to 2.5 ft/s 

0-5 



In addition to burning MSW and commercial waste, the plant also fires 12 tpd 
of sludge from the steam customer's pulping operation. The sludge dewatering 
press is located in'the same building as the waste-fired combustors. 
dewatered sludge is normally 40 percent moisture by weight (5 dry tpd). 

The Pittsfield plant operates two of the waste-fired units on a 
24-hour/day, 7-day/week schedule. The third unit is kept on standby. 
Complete plant shutdown is scheduled for two weeks every July to coincide 
with a scheduled shutdown of the steam customer. 
reports an average availability of 90 percent (based on two units), with only 
8 percent scheduled down time. Most of the scheduled down time occurs during 
the summer outage. 
for a 24-hour scheduled cleaning. 
to handle load swings during normal operation. 

8.1.1.1 Combustor Desian and Operation. Figure 8.1-2 shows a schematic 
of a typical Enercon/Vicon design. A front-end loader delivers waste from - 
the tipping floor to individual combustor charging hoppers (dimensions 8' by 
6' by 5') at a 10-minute charging interval. The waste is charged to the 
primary combustion chamber by a hydraulic ram which extends after the top 
hopper door closes and the fire door opens. The two operating combustors 
(240 tpd combined capacity) normally process a total of 220 to 230 tpd. 
Reduced capacities are reported to be due in part to a desire to achieve good 
waste burnout. 
three hours. 

hearths. 
which is typical of other Enercon/Vicon designs. 
chamber on the stepped hearths by the action of water-cooled transfer rams. 
The stroke of the transfer rams is five feet. 

The primary chamber contains a number of points of combustion air 
injection (discussed below). 
nominally maintained at 1800 to 190OOF. 
into the secondary chamber. 
located in the secondary chamber. 
located at the exit of the secondary chamber. A signal from the O2 analyzer 

The 

The waste-fired plant 

Each of the boilers is brought off line every 5 months 
A gas/oil-fired boiler is located on site 

Waste retention time in the primary chamber is approximately 

The primary combustion chamber is refractory-lined and contains five 
Each hearth is ten feet in length. Figure 8.1-2 shows six hearths, 

Waste is moved through the 

The temperature in the primary chamber is 
There is no additional air injected 

The temperature is verified by a thermocouple 
A Thermox continuous O2 analyzer is 
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automat ica l l y  ad justs  t h e  r a t e  of one o f  t h e  f o u r  sources o f  a i r  i n  t h e  
pr imary chamber. 
dur ing  normal operat ion by t h i s  c o n t r o l  loop. 

The secondary chamber f l u e  gases from each combustor man i fo ld  i n t o  a 
common t e r t i a r y  duct  where combustion i s  completed. Rec i rcu la ted  f l u e  gas i s  
i n j e c t e d  i n t o  t h e  t e r t i a r y  chamber as tempering a i r  t o  c o n t r o l  the 
temperature o f  t h e  gases e n t e r i n g  t h e  waste heat b o i l e r s  t o  14OOOF. 

Design steam 
product ion r a t e s  per  b o i l e r  are 33,000 pounds per  hour o f  180 p s i g  steam a t  
48OoF. 
i s  necessary f o r  lG0 percent make-up water. The f l u e  gases e x i t  the b o i l e r  
and en ter  the f l u e  gas c leaning equipment. The induced d r a f t  fan  i s  loca ted  
upstream o f  the f l u e  gas treatment equipment (downstream o f  the b o i l e r )  and 
i s  designed t o  handle a d i r t y  gas stream. 

excess a i r  mode and employs FGR t o  ma in ta in  des i red temperatures and f l o w  
ra tes .  
oxygen readings i n  var ious p o r t i o n s  o f  the combustor. 

(1) scavenger a i r ,  ( 2 )  r e c i r c u l a t e d  u n d e r f i r e  (UF) a i r ,  (3) c lean o v e r f i r e  
(OF) a i r ,  and (4) r e c i r c u l a t e d  OF a i r .  Scavenger a i r  i s  drawn from t h e  p i t  
and t i p p i n g  f l o o r  and enters  the combustion chamber through gaps i n  t h e  
t r a n s f e r  rams. 
t h e  t r a n s f e r  rams. The scavenger a i r  i s  n o t  s i g n i f i c a n t l y  pressur ized. 
Reci rcu lated UF a i r  i s  t h e  main source o f  UF a i r  on a volume basis.  
drawn from a p o i n t  i n  the s tack and suppl ied through i n d i v i d u a l  ducts beneath 
t h e  f i v e  hearths.  
c o n t r o l l e d  by manually-operated dampers. 

Clean OF a i r  i s  suppl ied through a number o f  p o r t s  a t  t h e  head o f  t h e  
pr imary chamber above the charging hearth.  
temperature o f  150 t o  180°F by drawing i t  through a shroud surrounding t h e  
pr imary chamber. This  type  o f  a i r  preheat system prov ides c o n t r o l  o f  heat 
loss from t h e  pr imary chamber. 
au tomat ica l l y  adjusted i n  response t o  a s ignal  from t h e  O2 sensor loca ted  a t  

Excess O2 l e v e l s  are maintained a t  approximately 7 percent 

The waste,heat b o i l e r s  were manufactured by Bigelow. 

No condensate i s  re turned from the steam customer, so water treatment 

- 
Combustion A i r  Flows and Contro ls .  The Enercon design operates i n  an 

A i r  f l o w  i s  c o n t r o l l e d  i n  response t o  s igna ls  from temperature and 

There are f o u r  a i r  suppl ies t o  t h e  pr imary combustion chamber: 

I t  provides odor c o n t r o l  i n  the p i t  area and c o o l i n g  a i r  f o r  

It i s  

Each of these p o i n t s  o f  a i r  supply can be i n d i v i d u a l l y  

This a i r  is .  preheated t o  a 

The f l o w  r a t e  o f  the c lean OF a i r  i s  

'8-8 



the exit of the secondary chamber. 
monitoring in the system. 
seven percent. 

Recirculated flue gas is routed from the ducting at the boiler exit 
(prior to flue gas cleaning) and injected through five 8-inch diameter ports 
in the roof of the primary chamber. The FGR temperature is typically 400 to 
45OoF, and the flow rate is automatically adjusted in response to the 
temperature in the secondary chamber. This flow rate is modulated to 
maintain the desired secondary chamber temperature (1800 to 1900°F). 
Although control of furnace temperature is achieved by varying air and FGR 
flow rates, these gas streams are not directly measured. However, under 
normal operating conditions the following air flows were reported as measured 
during testing: 

This is the only point of oxygen 
The set point for excess oxygen level is normally 

Recirculated UF air - 1600 scfm 
Clean OF air - 8700 scfm 
Recirculated OF air - 3000 scfm 

- 

Scavenger air was not measured. 

combustion chamber. However, an additional supply of FGR (termed "tempering 
air") is injected in the tertiary chamber to maintain the desired boiler 
inlet temperature (14OOOF). The rate of tempering air is controlled based on 
the temperature set point at the boiler inlet. 

located in the primary combustion chamber which can be used for preheat 
during start-up. Under normal operation, MSW is not fired until a 
temperature o f  140OoF is attained in the secondary combustion chamber. 
Generally, wood pallets are charged to the combustor until the required 
combustion temperature is achieved, whereupon the operator begins charging 
MSW. 
cleared from the primary chamber. 
results in few scheduled start-ups and shutdowns. 

Residue. The bottom ash drops from the last hearth into a water quench 
pit which also serves as a combustor seal. Ash is conveyed to a holding bin 
by a drag chain conveyer, then hauled to the landfill. Dry weight reduction 

As stated above, no additional oxidizer is added in the secondary 

Start-uD/Shutdown Procedure$. Each combustor has a fuel oi 1 burner 

During a scheduled shutdown, wood is fed to the combustors until MSW i s  
The continuous operation of the combustors 
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i s  repor ted  t o  be 75 percent.  Volume reduc t ion  i s  repor ted  t o  be 88 t o  
90 percent.  
combustion (amounting t o  approximately 1.5 percent o f  t h e  waste stream). 

emissions are c o n t r o l l e d  by two EGB's. According t o  l i t e r a t u r e  suppl ied by 
the manufacturer t o  t h e  p l a n t ,  t h i s  i s  t h e  o n l y  MSW f a c i l i t y  i n  t h e  U.S.  
using t h i s  type o f  c o n t r o l  device. Test r e s u l t s  from 1986 show t h a t  t h e  EG8 
i s  reducing PM emission r a t e s  t o  about 0.039 gr /dscf  cor rec ted  t o  12 percent 
C02. 

schematic of an EGB. The EGB c o n s i s t s  o f  a vessel con ta in ing  two concentr ic ,  
louvered c y l i n d r i c a l  tubes. The annular space between t h e  tubes i s  f i l l e d  
with pea-sized gravel  media. D i r t y  gas en ters  the EGB through t h e  
side-mounted breeching, i s  d i s t r i b u t e d  t o t  he inner  c y l i n d e r  and passes t o  
the f i l t e r  media by t h e  plenum sect ion.  
a t  475OF. 
per minute. 
the gravel  media. 
i s  mounted on t o p  o f  t h e  f i l t e r  u n i t .  
t h e  de-entrainment zone. 
and t h e  f l y  ash i s  c o l l e c t e d  i n  a bag f i l t e r .  

10 f e e t  per  hour. 
moving bed o f  gravel  f i l t e r  media prov ides t h e  EGB w i t h  t h e  c a p a b i l i t y  f o r  
s e l f  c leaning, continuous operation. Also, t h e  tumbl ing a c t i o n  o f  t h e  f i l t e r  
media, i n  contac t  with t h e  louvers,  prevents any b r i d g i n g  o r  bu i ldup o f  PM on 
t h e  louvers.  

The pr imary c o l l e c t i o n  phenomenon i s  impact ion - both c l a s s i c a l  
i n e r t i  a1 impact ion and e l  e c t r o s t a t  i c a l  l y - a s s i  s ted impactlon. 
e l e c t r o s t a t i c  g r i d ,  configures i n  t h e  form o f  a cage, i s  pos i t ioned w i t h i n  
t h e  f i l t e r  media c a v i t y .  
e l e c t r i c  f i e l d  between t h e  g r i d  and t h e  louvers.  Dur ing normal operat ion,  

vo l tage i s  maintained a t  32 KV. 

A l i m i t e d  amount o f  metal separat ion takes p lace p r i o r  t o  

8.1.1.2 fl. P a r t i c u l a t e  

No i n l e t  PM data are ava i lab le .  
The EG8's a t  P i t t s f i e l d  are mounted on t h e  roo f .  F igure 8.1-3 shows a 

- 
Flow r a t e s  are 25,000 acfm (per  EGB) 

The gas passes through t h e  f i l t e r  a t  v e l o c i t i e s  o f  100 t o  150 f e e t  
P a r t i c u l a t e  mat ter  i s  removed from t h e  gas stream by impact w i t h  

Clean gas e x i t s  t o  t h e  atmosphere through t h e  stack, which 
F l y  ash and gravel  are separated i n  

Cleaned grave l  i s  readmit ted t o  the main vessel, 

The f i l t e r  media i s  cont inuously  moved downward a t  a r a t e  o f  6 t o  
Th is  r a t e  i s  regu la ted  by a media l i f t  blower. This 

An 

High vo l tages app l ied  t o  t h e  g r i d  produce an 
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Figure 8.1-3. Electrified Gravel Bed 



The electrostatic field induced between the grid and the louvers raises 
the PM collection efficiency due t o  the fact that small fly ash particles 
have a slight positive or negative charge. A s  the particles migrate through 
the filter media, the electrical field either attracts or repels them, 
depending on charge. 
pieces of the gravel media for capture by impaction. 

possibility of retrofitting the facility with an electrostatic precipitator 
(ESP) or fabric filter. This report was prepared by an independent 
contractor in response to problems the facility had in maintaining EGB 
voltages. The report lists two possible reasons for EGB voltage drops. 
These are: 

0 

In either case, the particle is propelled towards 

The facility provided a report which assessed the EGB, along with the 

interference in feedback signals caused by variable-speed drives on 
the induced draft fans, and - 

0 insufficient size of transformer/rectifier sets to accommodate 
larger current flows caused by varying resistivity and 
concentrations o f  fly ash in the bed. 

8.1.2 Descriotion of the Model Plant 

modular MWC system designs that operate in an excess-air mode (Enercon/Vicon, 
Cadoux, Sigoure Freres). Due to the variance in these designs, no single 
model plant can adequately represent all existing facilities. The largest 
and most prevalent of the excess-air modular systems is the Enercon/Vicon 
design. There are currently three facilities operating in the U.S. using 
Enercon/Vicon technology. The model plant represents a typical facility of 
this design; model plant data are shown in Table 8.1-2. 

The model plant consists of two units, each with a rated capacity of 
100 tpd. Both units burn 100 percent municipal solid waste, 24-hours/day, 
7-dayslweek. 
which manifold into a single tertiary duct where burning is completed prior 
to the flue gases entering a waste heat boiler. 
gas temperatures from 1400°F to 45OoF before entering the air pollution 
control equipment. 

8.1.2.1 Combustor Desiqn and Ooeration. There are several distinct 

Each module has both primary and secondary combustion chambers 

The boiler reduces the flue 
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TABLE 8.1-2. MODEL PLANT BASELINE DATA FOR MODULAR EXCESS-AIR COMBUSTOR 

Combustor: 

Type 
Number o f  Combustors 
Combustor U n i t  Capacity 
P1 ant  Capacity 

Emission Controls:  

Number o f  ESP's 
Number o f  F i e l d s  
I n l e t  Temperature 
Col 1 e c t  i on E f f i c i e n c y  
Gas Flow 
Tota l  P l a t e  Area 
SCA a t  39,000 acfm and 45OoF 

Type 

Emissions:a 

CDD/CDF ( t e t r a - o c t a )  
PM (s tack)  
co _ _  
HC1 
s02 

Stack Parameters: 

Height 
Diameter 

Operating Data: 

Remaining P lan t  L i f e  
Annual Operating Hours 
Annual Operating Cost 

- Modular Excess-air  
- 2  
- 100 tpd  each 
- 200 t p d  

- E l e c t r o s t a t i c  P r e c i p i t a t o r  
- 1  
- 2  
- 45OoF 
- 97.5 percent 
- 39,000 acfm - 1l;SOO ft' 
- 295 

- 200 ng/dscm 
- 0.05 gr/dscf  
- 50 ppmv 
- 500 ppmv - 200 ppmv 

- 70 ft 
- 5.5 ft 

- - > 20.years 
- 8,000 hours 
- f1,300,000/year 

a A l l  emissions are dry,ocorrected t o  7 percent 02. Standard and Normal 

b I n l e t  PM emissions t o  t h e  ESP are 2.0 gr /dscf  a t  7 percent 02. 

cond i t ions  are both 70 F and 1 atmosphere. 
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Fuel feeding and combustion a i r  suppl ies are assumed t o  be i d e n t i c a l  t o  
Excess a i r  l e v e l s  a t  t h e  b o i l e r  those a t  P i t t s f i e l d ,  as descr ibed above. 

o u t l e t  a r e  assumed t o  be 50 percent. 
19,100 dscfm a t  t h e  b o i l e r  e x i t .  It i s  assumed t h a t  a CO moni tor  i s  i n  p lace 
along with the O2 moni tor  a t  t h e  secondary chamber e x i t .  
measured a t  t h e  e x i t  o f  t h e  primary and secondary chambers, and a t  the b o i l e r  
i n l e t  and o u t l e t .  An a u x i l i a r y  f u e l  burner i s  loca ted  i n  t h e  pr imary 
combustion chamber f o r  use dur ing  process s t a r t - u p  and dur ing  episodes o f  low 
temperature. 

mentioned i n  t h e  d e s c r i p t i o n  o f  the P i t t s f i e l d  p lant ,  t h e  EGB c o n t r o l  system 
i s  unique amount MSW f a c i l i t i e s .  
combustors have e l e c t r o s t a t i c  p r e c i p i t a t o r s  f o r  p a r t i c u l a t e  mat te r  c o n t r o l .  
Therefore, t h e  model p l a n t  i s  equipped w i t h  a s i n g l e  2 - f i e l d  ESP c o n t r o l l i n g  - 
emissions t o  0.05 gr /dscf  a t  7 percent 02. Since bo th  combustors are ducted 
t o  a s i n g l e  b o i l e r  and ESP, a s i n g l e  s tack i s  a lso assumed. The model p l a n t  
I D  f a n  i s  loca ted  downstream o f  t h e  ESP, s ince t h i s  i s  more common than the 
upstream l o c a t i o n  used a t  P i t t s f i e l d .  
shown i n  F igure 8 .1 -4 .  

emissions data f o r  t h e  model p lan t .  

estab l ished f o r  t h e  model p l a n t  us ing  t h e  measured data from a parametr ic 
t e s t i n g  program c a r r i e d  o u t  a t  P i t t s f i e l d .  
emissions, basel ine uncont ro l led  CDD/CDF emissions are assumed t o  be 
200 ng/dscm. Uncontro l led emissions o f  CO are 50 ppmv. 

Therefore, a value of 2.0 gr /dscf  i s  assumed f o r  t h e  model by analogy w i t h  
o ther  excess-a i r  systems. 
be 500 ppmv and 200 ppmv, respec t ive ly .  
7 percent 02. 
90 percent by volume and 70 percent by weight. 

t h e  Enercon/Vicon design, and t h a t  o t h e r  modular excess-a i r  designs are 

Flue gas f l o w  r a t e s  are approximately 

Temperatures are 

8 . 1 . 2 . 2  Emission Control  Svstem Desian and Ooeration. As prev ious ly  

As shown i n  Table 8 .0 -1 ,  most excess-a i r  

A p l o t  p lan o f  t h e  model p l a n t  i s  

8.1 .2 .3  Environmental Baseline. Table 8.1-2  a lso  presents basel ine 
Basel ine uncont ro l led  emissions are 

Based on these measured 

No uncont ro l led  PM data are a v a i l a b l e  f o r  a f a c i l i t y  o f  t h i s  design. 

Uncontro l led HC1 and SO2 emissions a r e  assumed t o  
A l l  emissions are cor rec ted  t o  

The combustion process i s  assumed t o  reduce incoming waste 

It i s  important t o  note t h a t  t h i s  model p l a n t  c o n f i g u r a t i o n  represents 
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considerably diffarent in configuration. Thus, base1 ine emission values 
established for the model may not be appropriate for other model excess-air 
MWC's. 
8.1.3 Good Combustion Control 

verified by the low uncontrolled levels of CDD/CDF and CO emissions. 
normal operating conditions the combustor achieves 1800°F, and good mixing is 
in place. Due 
to adequate heat removal through the boiler, the exhaust gas temperature is 
45OoF. 
reduction prior to the air pollution control equipment, and the potential for 
formation of CDD/CDF in the ESP is minimized. Based on this assessment there 
are no combustion retrofits required for the model plant. 
8.1.4 Best Particulate Control 

2.0 gr/dscf to 0.05 gr/dscf corrected to 7 percent 02. 
baseline PM emission rate is equal to the rate identified with good control 
(0.05 gr/dscf), and no plant modifications will be required for this control 
level. 

The model plant has good combustion practices in place. This is 
Under 

Monitoring of temperature, oxygen, and CO is also in place. 

As a result, there is no need for further flue gas temperature 

The ESP in place on the model plant reduces PM by 97.5 percent, from 
- 

Therefore, the 

8.1.4.1 Descriotion of Modifications. To achieve best particulate 
matter control (0.01 gr/dscf emission rate) will require an ESP with 
16,500 square feet of collection area. Therefore, an additional 5,000 square 
feet will be added to the model plant ESP. The additional area will be 
installed as a separate single-field ESP in series with the existing ESP. 
Fifty feet of new duct and a new ID fan will be required. 
will continue to be used. A plot plan of the proposed equipment arrangement 
is shown in Figure 8.1-5. No new monitoring equipment will be required. 
Downtime will affect both combustors at once and is estimated at one month 
for ductwork tie-in. 

reduced from 0.05 gr/dscf to 0.01 gr/dscf. 
will add 26 tons per year to the baseline solid waste disposal requirements 
for the plant. 

The existing stack 

8.1.4.2 Environmental Performance. Particulate matter emissions will be 
The increased fly ash recovery 
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8.1.4.3 Costs. Capital cost requirements for best particulate control 
are shown in Table 8.1-3. 
equipment. Total capital requirement is $1,090,000. Annual. costs are 
presented in Table 8.1-4, and are dominated 'by annualized capital recovery 
and downtime. Total annual costs are expected to be $235,000 per year. 
8.1.5 Good Acid Gas Control 

control, hydrated lime sorbent will be injected into the flue gas duct before 
the ESP. 
gas) for a rate of 227 lb/hr with both combustors operating. Additional 
equipment for sorbent injection will include a sorbent storage. silo, a 
pneumatic sorbent transfer system, a sorbent feed-bin, and pneumatic 
injection nozzles. 
also located in : :e duct before the ESP, r i l l  introduce 4 gpm of water. 
Fifty feet of new duct will be fabricated containing the water and sorbent 

The major cost item is the particulate control 

8.1.5.1 DescriDtion of Modifications. For good acid gas and COD/CDF 

The lime sorbent will be fed at a molar ratio 2:l (calcium to acid 

To cool the flue gas from 45OoF to 35OoF, spray nozzles, 

- 
. nozzles. 

A total of 19,000 square feet of ESP collection area will be required to 
collect the sorbent and fly'ash to an emission level of 0.01 gr/dscf. 
Therefore, an additional 7,500 square feet of collection area will be added 
to the model plant ESP. The additional area will be.installed as a separate 
single-field ESP in series with the existing ESP. 
ESP will also require 50 feet of new duct and a new ID fan: The proposed 
equipment arrangement is shown in Figure 8.1-6. 
SO2, HC1, O2 and C02 is also included. Downtime is estimated at one month. 

8.1.5.2 Env ironmental Performance. CDD/CDF emissions are expected to 
be reduced to 25 percent of inlet levels or to 50 ng/dscm, whichever is 
greater. 
and 40 percent for SO2. Particulate matter emissions will be reduced to 
0.01 gr/dscf. 
year of solid waste to the baseline disposal requirements for the plant. 

presented in Table 8.1-5. 
cost is associated with new equipment for particulate and temperature 
control. 
except the duct containing the spray nozzles. 

Installation of the new 

New'monitoring equipmen't for 

Acid gas emission reductions are expected to be 80 percent for HC1 

Additional collected fly ash and sorbent will add 1190 tons per 

8.1.5.3 w. Capital cost requirements for dry sorbent injection are 
Total capital cost is $2,070,000. Most of the 

A moderate access and congestion level is assumed for all equipment 
Since this duct passes through 

8-18 



TABLE 8.1-3. PLANT CAPITAL COST FOR PARTICULATE MATTER CONTROLS 
(Two units o f  100 tpd each) 

Item cost ($1000) 

DIRECT COSTS: 

PM Controla 
Upgrade Costs 
Access/Congest i on Cost 

Ducting Costs 
Access/Congest i on Cost 

Other Equipment 
Fan 
Stack 
Demo1 ition/Relocation 

Total 

New Flue Gas Ductinga 

Indirect Costs and Contingencies 

Monitoring Equipment 

TOTAL CAPITAL COST 

DOWNTIME COST 

ANNUALIZED CAPITAL RECOVERY AND DOWNTIME 

587 
147 

15 
4 

74 
0 
0 

827 
- 

267 

0 

1,090 

205 

171 

aBased on moderate access/congestion. 
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TABLE 8.1-4. PLANT ANNUAL COST FOR PARTICULATE MATTER CONTROLS 
(Two units o f  100 tpd each) 

Item cost ($1000) 

DIRECT COSTS: 

Operating Labor 
Supervision 
Maintenance Labor 
Maintenance Materials 
Electricity 
Waste Disposal 
Monitors 

Total 

INDIRECT COSTS: 

Overhead 
Taxes, Insurance, and 

Capital Recovery and Downtime 
Administration 

Total 

0 
0 
0 
10 
3 
1 
0 
14 
- 

TOTAL ANNUALIZED COST 235 

6 

44 
1z1 

221 
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TABLE 8.1-5 .  PLANT CAPITAL COST FOR DRY SORBENT INJECTION 
WITH ADDITIONAL ESP COLLECTION AREA 
(Two u n i t s  o f  100 tpd  each) 

I t e m  cost  ($1000) 

DIRECT COSTS: 

Equipment 
Access/Congestion Cost 

Equipment 
Access/Congestion Cost 

Duct ing Cost 
Access/Congesti on Costs 

Other Equipment 
Fans 

Acid Gas Contro la  

b P a r t i c u l a t e  and Temperature Control  

New Flue Gas Duct inga 

Stacks 
Demo1 i tion/Rel ocat ion 

Tota l  

I n d i r e c t  Costs and Contingencies 

Moni tor ing Equipment' 

TOTAL CAPITAL COST 

OOWNTIME COST 

ANNUALIZED CAPITAL RECOVERY AND DOHNTIHE 

189 
19 

785 
160 

31  
11 

68 
0 
0 - 

1,260 

545 

257 

2,070 

205 

299 

aBased on moderate access/congestion. 

bBased on h igh  access/congestion f o r  temperature c o n t r o l  ductwork. 

'Turn key. 
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the building wall, a high access/congestion factor was applied to the direct 
cost. 

are for lime purchase and monitoring equipment maintenance. 
annual cost is annualized capital recovery and downtime. 
i s  estimated to be $705,000. 
8.1.6 B- 

COD/COF, HC1, and SO2, a spray dryer/fabric filter system will be installed. 
The existing ESP will not be demolished, but will be bypassed and left in 
place. A total of 100 feet of new duct will be used to connect the new 
equipment between the boiler outlet and the existing stack. The proposed 
equipment arrangement is shown in Figure 8.1-7. 

gas molar ratio of 2.5:l. 
needed to cool the gas stream from 45OoF to 30OoF. 

Figure 8.1-7. The fabric filter will have 11,300 square feet o f  cloth arsa 
(net air-to-cloth ratio of 4:l). The increased pressure drop of the fabric 
filter relative to the existing ESP will require replacement o f  the ID f a .  
New monitoring equipment for Htl, SO2, COz, O2 and opacity will be i n s t a l l e d .  
Downtime is expected to be one month for ductwork tie-ins. 

8.1.6.2 Environmental Performance. CDO/COF emission reduction of 
99 percent or to 5 ng/dscm (whichever gives higher emissions) is expected. 
Emissions of particulate matter will be reduced to 0.01 gr/dscf, Acid gas 
emissions will be reduced 90 percent for SO2 and 97 percent for HC1. 

filter system are shown in Table 8.1-7. 
The major capital cost is for the purchased equipment. 
access/congestion factor was applied to all direct equipment costs. 
costs are shown in Table 8.1-8. 
maintenance materials, including bag replacement, and annualized capital 
recovery and downtime. 
significant. 

Annual costs are presented in Table 8.1-6. The major operating costs 
The largest 

Total annual cost 

8.1.6.1 DescriDtion of Modifications. To achieve greater reductions in 

Lime slurry will be.introduced into the spray dryer at a calcium-to-acid - Water in the lime slurry equivalent to 6 gpm is 

The lime receiving, storage and slurry preparation area is also shown in 

8.1.6.3 w. Capital costs for installing a spray dryerlfabric 
Total capital cost is $4,720,000. 

A moderate 
Annual 

The largest annual costs are for 

Maintenance cost for process monitors is also 
Total annual cost is estimated at $1,320,000 per year. 
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TABLE 8 .1 -6 .  PLANT ANNUAL COST FOR DRY SORBENT INJECTION WITH 
ADDITIONAL ESP COLLECTION AREA 
(Two u n i t s  o f  100 tpd each) . 

I tem cost ($1000) 

DIRECT COSTS: 

Operating Labor 
Supervision 
Maintenance Labor 
Maintenance Mater ia ls  
E l e c t r i c i t y  
Water 
Lime 
Waste Disposal 
Moni.tors 

Tota l  

INDIRECT COSTS: 

Overhead 
Taxes, Insurance, and 

Capi ta l  Recovery and Downtime 
Administrat ion 

Tota l  

30 
5 

20 
14 
15 
1 

72 
30 
- 103 
290 

44 

7 2  
299 
415 
- 

TOTAL ANNUALIZED COST 705 
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TABLE 8.1-7. PLANT CAPITAL COST FOR SPRAY DRYER WITH FABRIC FILTER 
(Two units o f  100 tpd each) 

Item cost (SlOOO) 

DIRECT COSTS: 

Equipment 
Access/Congestion Cost 

Ducting Cost 
Access/Congestion Cost 

Other Equipment 
Fans 
Stacks 
Demo1 ition/Relocation 

Total 

Acid Gas Control 

New Flue Gas Ducting 

Indirect Costs 

Contingency 

Monitoring Equipmenta 

TOTAL CAPITAL COST 

DOWNTIHE COST 

ANNUALIZED CAPITAL RECOVERY AND DOWNTIHE 

2,130 
533 

30 
a 

74 
0 
0 
2,780 

917 

739 

286 

4,720 

205 

648 

aTurnkey. 
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TABLE 8.1-8. PLANT ANNUAL COST FOR SPRAY DRYER WITH FABRIC FILTER 
(Two units o f  100 tpd each) 

~~ 

Item cost (SlOOO) 

DIRECT COSTS: 

Operating Labor 
Supervision 
Maintenance Labor 
Maintenance Materials 
Electricity 
Compressed Air 
Water 
Lime 
Waste Disposal 
Monitors 

Total 

INDIRECT COSTS: 

Overhead 
Taxes, Insurance, and 

Capital Recovery and Downtime 
Administration 

Total 

TOTAL ANNUALIZED COST 

48 
7 

67 26a 
.. 

48 
6 
1 
60 
39 

107 
410 

82 

177 
648 

90 7 

1 ,'320 

aIncludes bag replacement costs o f  $11,000. 
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8.1 .7  Summarv o f  Control  Options 
8 . 1 . 7 . 1  Oescr iDt ion o f  Control  Costs. The c o n t r o l  technologies 

descr ibed i n  t h e  previous sect ions have been combined i n t o  seven r e t r o f i t  
emission c o n t r o l  opt ions.  Table 8 .1 -9  summarizes the combustion, 
p a r t i c u l a t e ,  temperature, and a c i d  gas c o n t r o l  technologies descr ibed i n  
Sections 8 . 1 . 3  through 8.1.6 t h a t  were combined f o r  each o f  the c o n t r o l  
opt ions descr ibed i n  Sect ion 3.0.  

It should be noted t h a t  s ince t h e  model p l a n t  al ready achieves moderate 
PM c o n t r o l  a t  basel ine,  Options 1 and 2 are i d e n t i c a l .  Also, s ince the model 
p l a n t  achieves good combustion a t  basel ine,  Options 1 and 2 are equiva lent  t o  
basel ine,  Options 4 and 5 are i d e n t i c a l ,  and Options 6 and 7 are i d e n t i c a l .  

8.1.7.2 Environmental Performance. The performance o f  each cont ro l  
op t ion  i s  summarized i n  Table 8.1-10.  For each p o l l u t a n t ,  t h e  t a b l e  presents 
both the p o l l u t a n t  concentrat ions and emissions. 
reduct ions o f  a c i d  gases, p a r t i c u l a t e  matter, and CDD/CDF a l l  are achieved 

- 
w i t h  t h e  spray d r y e r / f a b r i c  f i l t e r  system. The next most e f f e c t i v e  c o n t r o l  
f o r  a l l  these p o l l u t a n t s  i s  d r y  sorbent i n j e c t i o n .  
technologies increase s o l i d  waste s l i g h t l y  ( less  than 10 percent over 
basel ine) .  No combustion mod i f i ca t ions  were made, so CO emissions remain 
unchanged a t  50 ppm f o r  a l l  opt ions.  

i n  Table 8.1-11.  The most c o s t l y  c o n t r o l  o p t i o n  i s  t h e  spray dryer / fabr ic  
f i l t e r  i n s t a l l a t i o n ,  a t  a c a p i t a l  c o s t  o f  $4,720,000. 
higher  f o r  h igher  l e v e l s  o f  c o n t r o l ,  and are roughly double t h e  cost  o f  the 
previous c o n t r o l  opt ion.  

impacts associated w i t h  t h e  c o n t r o l  opt ions.  
incremental use; savings r e a l i z e d  by n o t  operat ing the e x i s t i n g  ESP are taken 
i n t o  account. There i s  no increase i n  a u x i l i a r y  f u e l  use because a u x i l i a r y  

burners are already i n  p lace on.the model p l a n t  and are used under basel ine 
operat ion.  

The grea tes t  emission 

Both sorbent a d d i t i o n  

8.1.7.3 Costs. The t o t a l  annual ized cos t  o f  each o p t i o n  i s  presented 

Overa l l ,  costs are 

8.1 .7 .4  E n e r w  Imoacts. Table 8.1-12 presents a summary o f  t h e  energy 
The energy use f i g u r e s  are 
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TABLE 8.1-12.  ENERGY IMPACTS FOR MODULAR iXCESS-AIR COMBUSTOR 
MODEL PLANT CONTROL OPTIOHS 

Option 
E l e c t r i c a l  Use Gas Use 

(MWh/yr 1 ( B t  u/yr)  

0 

0 

60 

334 

334 

1 ,030b 

1,030b 

0 

0 

0 

0 

0 

0 

0 

a h c r e a s e  from base l ine  consumption. 
bExcludes t h e  e l e c t r i c a l  c r e d i t  o f  not  operat ing the ESP's .  
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9.0 ROTARY WATERWALL COMBUSTORS 

The O'Connor r o t a r y  waterwall  combustion system i s  one o f  the more 
unique designs i n  t h e  e x i s t i n g  popu la t ion  o f  MWC's. 
th ree  operat ing p l a n t s  using the O'Connor design. 
p l a n t s  along w i t h  number o f  combustors, u n i t  s ize,  s t a r t - u p  date, and a i r  
p o l l u t i o n  c o n t r o l  device. I n d i v i d u a l  p l a n t s  are comprised o f  two combustors 
ranging i n  u n i t  capaci ty  from 100 t o  255 tpd. Add i t iona l  O'Connor-design 
p l a n t s  are i n  planning, permi t t ing ,  o r  cons t ruc t ion  stages i n  York County, 
PA; Delaware County, PA; Lubbock, TX; and Mercer County, NJ. 
9.1 INTRODUCTION 

There are c u r r e n t l y  
Table 9.0-1 l i s t s  these 

This  sec t ion  presents the r e t r o f i t  case study r e s u l t s  f o r  a mass burn 
r o t a r y  waterwal l  municipal waste combustor (MWC). Table 9.0-1 l i s t s  the 
th ree  ; ? x i s t i n g  p l a n t s  i n  t h i s  subcategory. 
d e s c r i p t i o n  o f  t h e  Bay County MWC p l a n t ,  which was v i s i t e d  i n  order  t o  
gather  in fo rmat ion  f o r  model development. Sect ion 9.1.2 presents a 
d e s c r i p t i o n  o f  t h e  model p lant .  Sections 9.1.3 through 9.1.7 d e t a i l  the 
r e t r o f i t  mod i f i ca t ions ,  est imated performance, and costs  associated w i t h  
var ious c o n t r o l  opt ions,  which are discussed i n  more d e t a i l  i n  Section 3.0 
o f  t h i s  r e p o r t .  
9.1.1 

Westinghouse - O'Connor r o t a r y  waterwal l  combustors designed t o  mass burn up 
t o  255 tpd  o f  MSW ( t o t a l  p l a n t  capac i ty  510 tpd). 
burn wood waste o r  a mix ture o f  MSW and wood waste. Heat generated by 
combustion produces steam t o  d r i v e  a t u r b i n e  generator. Design data are 
presented i n  Table 9.1-1, and a process f l o w  diagram o f  t h e  Bay County 
f a c i l i t y  i s  shown i n  F igure 9.1-1. The f a c i l i t y  i s  owned by New England 
Trus t  Company, leased by Bay County and operated (under a 25-year cont rac t )  
by Westinghouse. Generated e l e c t r i c i t y  i s  so ld  t o  Gulf Power a t  an average 
o f  2.074 cents per  kwh. 
and disposes o f  ash a t  t h e  county-owned l a n d f i l l  a t  no d i r e c t  charge. 
disposal  cos ts  53.72 per  ton  f o r  con t rac t  haul ing by t r u c k  t o  the l a n d f i l l .  

Sect ion 9.1..1 presents a 

Q e s c r i o t i o n  o f  the Bav County, FL Plant '  
The Bay County Resource Management F a c i l i t y  cons is ts  o f  two 

The combustors can also 

The f a c i l i t y  charges a t i p p i n g  fee o f  522 per ton 

Waste 
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TABLE 9.0-1.  EXISTING ROTARY WATERWALL COMBUSTORS 

No. o f  U n i t  S ize  Year o f  Air P o l l u t i o n  
P1 ant/Location Uni ts  ( tPd)  Start -up Control Device 

Bay County, FL 2 255 1987 ESP 

Poughkeepsie, NY 2 253 1987 Fabric F i l t e r  

G a l l a t i n ,  TN 2 100 1981 ESP 
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TABLE 9.1-1. BAY COUNTY, FLORIDA DESIGN DATA 

Furnaces: 

Number 
Capacity 
Furnace Dimensions 

Emission Controls: 

Numbers 

Gas Flow 
Collection Area 
SCA 
Dimensions 

Length 
Width 
Height 

Type 

Gas Velocity 
Inlet Concentration 
Exit Concentration 

Generating Capacity: 

Steam (each boiler) 

Electricity (site total) 

- 2  
- 255 tpd - Each combustor consists of a 

tapered barrel 10 feet in 
diameter and 40 feet long. 

- 2 (one for each furnace) 
- 3-field ESP 
- 56,000 aczm at 4OO0F each 
- 19,7102ft each 
- 350 ft /lo00 acfm 
- 30 ft 
- 18 ft 
- 24 ft 
- 4 ft/sec 
- 2.0 gr/dscf at 12% CO 
- 0.02 gr/dscf at 12% C a 2  

- 68,808 lb/hr at 600 psi, 
750 F 

- 11.5 MU 
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Construct ion o f  t h e  f a c i l i t y  began i n  November 1985, and waste was 
f i r s t  burned i n  February 1987. S t a r t - u p  t e s t i n g  i n  May 1987, demonstrated 
contractual  commitments o f  burning 510 tpd, generat ing 11.5 MW gross 
e l e c t r i c  power output,  and leav ing  l e s s  than 11 percent combustibles i n  t h e  
ash. 
7-day/week schedule s ince commercial s t a r t - u p  i n  May 1987. To mainta in  t h i s  
schedule, t h e  f a c i l i t y  f requent ly  burns wood waste (bark o r  sawdust) i n  one 
combustor, and MSW o r  a mix tu re  o f  MSW and wood i n  the o ther  combustor. The 
average heat ing value o f  MSW i s  4,500 t o  5,000 Btu/ lb.  However, t h e  
est imated heat ing value o f  the mixed fuel i s  3,800 t o  4,000 Btu / lb  due t o  
the h igh  moisture content o f  t h e  wood, which has an average heat ing value o f  
3,000 t o  3,500 Btu/ lb.  Wood i s  purchased f o r  an average o f  $10 per  ton. 
The MSW supply i s  seasonal i n  Bay County, which i s  a r e s o r t  area, b u t  even 
i n  t h e  peak summer season the MSW supply has not y e t  met p l a n t  capaci ty .  
the w in te r ,  t h e  p l a n t  t y p i c a l l y  burns 250 t p d  MSW, 50 t p d  commercial waste 
and t rash,  and 210 t p d  wood waste. 
50 t p d  commercial waste and trash, and 80 t p d  wood waste. Westinghouse i s  
c u r r e n t l y  seeking out-of-county waste t o  rep lace some o f  t h e  wood f u e l .  

p l a n t  and dumped on t h e  t i p p i n g  f l o o r ,  which accommodates about 1,500 tons 
o f  waste. The waste i s  then sor ted t o  remove l a r g e  objects ,  mixed 
thoroughly, and pushed onto one o f  two h o r i z o n t a l  apron conveyors by a 
f ront -end loader.  A shear shredder i s  a v a i l a b l e  f o r  shredding l a r g e  
combustible items, b u t  i s  no t  o f t e n  used. 
r e j e c t e d  as non-combustible and d e l i v e r e d  i n t a c t  t o  t h e  l a n d f i l l .  

Each h o r i z o n t a l  apron conveyor t r a n s f e r s  waste feed onto separate 
p a r a l l e l  i n c l i n e d  conveyors which conta in  weigh scales t o  cont inuously  
measure t h e  weight o f  waste being d e l i v e r e d  t o  the charging hopper. 
a d d i t i o n a l  h o r i z o n t a l  conveyor i s  loca ted  a t  the charging hopper l e v e l  t o  
a l low waste from one conveyor l i n e  t o  be sent t o  an adjacent combustor. 
Therefore, both combustors can be suppl ied from one conveyor l i n e  i n  t h e  
event t h a t  t h e  p a r a l l e l  l i n e  i s  down f o r  maintenance. From t h e  charge 
chute, MSW i s  pushed i n t o  t h e  combustor by dual h y d r a u l i c  ram feeders. The 
ram speed i s  adjusted by the computerized combustion c o n t r o l  system, but the 

The f a c i l i t y  employs 35 people and has operated on a 24-hour/day, 

I n -  

I n  t h e  summer, the feed i s  380 tpd  MSW, 

9.1.1.1 Combustor Desian and ODeration. Waste i s  d e l i v e r e d  t o  the 

About 3 percent o f  t h e  waste i s  

One 
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time to complete a stroke is usually 3.5 minutes. The Bay County rotary 
drum (barrel) sits at a 6' angle from the horizontal and is tapered over the 
final 4 feet. The Bay County units are the only O'Connor facilities that 
use a tapered barrel. 
causing the waste to tumble and advance as it burns. At the typical rotation 
speed of 5 rph, the waste remains in the combustor for approximately 
30 minutes. 
to maintain constant bed profile. This practice i s  designed to maximize 
waste burnout at the barrel exit. The combustor barrel is 10 feet in 
diameter, 40 feet long, and is constructed of steel tubes and perforated 
webs (see Figure 9.1-2). The tubes direct cooling water through the outside 
wall of the combustor barrel and to the boiler, and thus, the rotary portion 
is considered an integral part of the boiler radiant section. The combustor 
barrel protrudes approximately 5 feet into the boiler. Bottom ash is - 
discharged from the rotary combustor onto a stationary after-burning grate 
and then into the wet quench pit. 

A forced-draft fan draws combustion air from the tipping area. This 
air is preheated to 45OoF and then enters a multiple-zone windbox beneath 
the combustor barrel. Westinghouse defines underfire air and overfire air 
differently from the classic mass-fired system. The three plenums are 
separated laterally into two sections each (3x2 arrangement). The rotation 
of the drum dictates the location of the fuel bed. Air supplied through the 
three windboxes beneath the fuel bed i s  designated underfire air, and the 
air directed through the adjacent three windboxes is overfire air. 
Figure 9.1-2 shows the cross-section of the rotary combustor and the flow of 
overfire and underfire air. The air supplied to the rotary combustor is 
distributed to the three windboxes as 40, 40 and 20 percent, front to rear. 
In the first and second windbox section the overfire/underfire air ratio is 
40/60. These splits are reported 
as estimated normal operating conditions, and they are adjustable. 
normal operating conditions, 80 percent of the total air is delivered to the 
rotary combustor. 
afterburning grate. The remaining 15 percent of the total air is drawn from 

The combustor barrel rotates slowly (3 to 7 rph) 

The ram speed and the rotation speed are automatically adjusted 

In the third section the ratio is 50/50. 
Under 

Five percent of the total air is supplied below the 
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Figure 9.1-2. Cross-Sectlon of the  Yestinghouse O'Connor Water-Cooled 
Rotary Combustor 
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t h e  duct  supply ing t h e  r o t a r y  combustor and de l i vered  as t e r t i a r y  a i r  
through o v e r f i r e  a i r .  nozzles. Two rows o f  opposed 2-1/2 i nch  diameter 
o v e r f i r e  a i r  nozzles are loca ted  on t h e  f r o n t  and r e a r  w a l l s  o f  t h e  b o i l e r  
approximately 10 f e e t  above t h e  r o t a r y  combustor. There are 34 nozzles on 
each w a l l .  

c o n t r o l l e r ,  bu t  t h e  se tpo in t  can be adjusted by the operator  based on f u e l  
c h a r a c t e r i s t i c s .  The combustion a i r  f l o w  i s  a lso  c o n t r o l l e d  au tomat ica l l y  
t o  mainta in  des i red steam f lows. 
based on the combustor i n l e t  temperatures. 
burnout zones c o n t r o l  f i r i n g  r a t e s  and are based on t h e  e x i t  gas oxygen 
content. 
gas cond i t ions  a t  1400OF and 5.0 t o  5.7 percent O2 (wet). 

heater. 
i s  loca ted  a t  t h e  a i r  i n l e t  t o  increase t h e  temperature from ambient t o  
15OoF. 
generated i n  one u n i t  can be d i s t r i b u t e d  t o  the adjacent b o i l e r  t o  a i d  i n  
preheat ing the heat recovery equipment dur ing  process s t a r t  up. 
i f  outages are scheduled independently, t h e  b o i l e r  t h a t  i s  down can be 
preheated t o  3OO0F by steam from t h e  operat ing u n i t ,  shor ten ing the t ime 
requ i red  t o  come up t o  f u l l  operat ing load. 

The f l u e  gases e x i t  t h e  a i r  heater  and are p u l l e d  through t h e  
e l e c t r o s t a t i c  p r e c i p i t a t o r  (ESP) by an induced-draf t  fan before e x i t i n g  t h e  
stack. 
const ructed o f  4 - inch  a c i d  b r i c k .  The s tack i s  125 f e e t  t a l l  and has 
moni tor ing p o r t s  60 f e e t  above t h e  base. 
monitors loca ted  a t  t h e  b o i l e r  e x i t s ,  t h e  p l a n t  a lso  operates opac i ty  and CO 
monitors downstream o f  t h e  ESP's. 

super-heated steam. The steam f lows t o  a m u l t i p l e  e x t r a c t i o n  condensing 
t u r b i n e  generator which produces about 11.5 MW o f  3-phase, Hz e l e c t r i c a l  
power f o r  d i s t r i b u t i o n  t o  t h e  u t i l i t y  g r i d .  
reduced vo l tage for p l a n t  use. Turbine exhaust steam i s  condensed i n  a 

The waste feed r a t e  i s  maintained by t h e  Westinghouse computer 

The a i r  f l o w  r a t e  t o  t h e  d r y i n g  zone i s  
A i r  f lows t o  the combustion and 

Ram speed and combustor r o t a t i o n  are adjusted t o  mainta in  t h e  e x i t  

The Bay County f a c i l i t y  i s  equipped w i t h  a recuperat ive t u b u l a r  a i r  
To p r o t e c t  against  cor ros ion  i n  t h e  a i r  heater, a steam preheater 

The steam drums o f  each b o i l e r  are connected by p i p i n g  so t h a t  steam 

Therefore, 

The s tack i s  precast  concrete w i t h  two 4 - f t ,  6- in .  d iameter f l u e s  

I n  a d d i t i o n  t o  continuous oxygen 

Each b o i l e r  i s  designed t o  produce 68,800 l b / h r  o f  600 p s i ,  75OoF 

Transformers prov ide  power a t  
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shell and tube heat exchanger that is cooled by an external cooling tower 
using 200,000 gpd well water. 
through feedwater heaters and a deaerator. 

As stated previously, bottom ash leaves the combustor barrel via a 
steeply inclined burnout grate, and drops into a wet quench pit. The bottom 
ash is removed from the quench pit by dual drag chain conveyors which dump 
the wet ash into waiting trucks for transportation to the landfill. 
Discharge chutes are adjustable to allow all the ash from both combustors to 
be delivered to one of the removal systems. Fly ash collected in the boiler 
and ESP is pneumatically conveyed to the quench pit for disposal. Siftings 
collected on a conveyor beneath the combustor are also added to the quench 
pit. Total ash combustibles are normally 11 percent by weight. An average 
of 150 tpd wet ash (11 truckloads) is hauled to the county landfill. The 
county-owned landfill is a lined mono-cell facility with leachate collection 
located on a 155-acre site approximately 39 miles from the incinerator site. 

4OO0F, but are only used if both combustors have been down. Normally, steam 
from an operating boiler is used to preheat the adjacent cold boiler. 
fuel oil burner is located in the combustor and used to ignite the waste, 
Two others are located in the walls of the boiler radiant section. 

higher than design, and particulate carryover from the discharge of the 
rotary combustor seemed relatively high. 
waste during the visit. 

Bay County is the second facility in the U.S. to burn MSW in the 
O’Connor combustor, and the first to be constructed by Westinghouse. The 
first plant to use the O’Connor technology is located in Gallatin, TN. 
Performance tests executed at Gallatin have provided information leading to 
some design changes in subsequent O’Connor systems. As an example, CO 
profiling tests performed at Gallatin demonstrated the need for overfire air 
above the rotary combustor exit, as well as the need for some air to be 
supplied to the burnout grate below the barrel. These air sources, which 
were once eliminated at Gallatin, were shown to be necessary and were 
reinstituted in the design. 

Steam condensate is pumped back to the boiler 

- 
Auxiliary fuel oil burners are available to preheat the combustor to 

One 

During the visit it was noted that boiler operating temperatures were 

The units were operating on wood 

However, the design configuration at Bay County 
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was established prior to completion of all the performance evaluations at 
Gallatin. For example, the Gallatin tests were instrumental in changing the 
design of the barrel such that the rotary section will not protrude as far 
into the radiant section of the boiler in the future designs, thus 
eliminating the increased potential for unmixed pockets of combustion gases 
below the extended rotary sections. 

from each combustor exit the gas heater and enter a 3-field ESP. Each field 
has an electrical set and ash hopper. The ESP's are the rigid frame type 
with plate dimensions of 24 feet high by 9 feet long, with 1/2 inch diameter 
pipe electrodes. Total collection area for each ESP is 19,710 ft2 and the 
design gas flow rate for each is 56,000 acfm at 4OO0F (SCA = 350 ft2/1000 
acfm). Actual ESP inlet temperature is approximately 45OoF at full rate. 

The ESP's were designed to meet the Florida Department of Environmental 
Regulation emission limit of 0.03 gr/dscf at 12 percent C02. 
tests for the facility have shown actual emissions of 0.02 gr/dscf and inlet 
loadings of approximately 2.0 gr/dscf. Opacity is in compliance as well, at 
less than 10 percent. Table 9.1-2 summarizes recent compliance test results 
and gaseous emission tests used to support the plant's PSD permit 
appl i cat i on. 
9.1.2 PescriDtion of Model Planf 

MWC's which use the O'Connor rotary waterwall technology (Gallatin, Bay 
County, and Dutchess County, NY) .  
two 100-tpd combustors. Bay County began operating in 1987, using two 
255-tpd units. 
combustion units. 
the existing population, two 250-tpd units were selected for the model. 
(Model plant design data are summarized in Table 9.1-3.) with the exception 
of Gallatin, the facilities have state-of-the-art automatic combustion 
control systems and auxiliary fuel firing capacity. 
facilities use rows of high pressure tertiary air nozzles to complete the 
mixing process in the radiation section of the boiler. 
preceding section, the Gallatin plant has added a similar set o f  nozzles 

9.1.1.2 Emission Control Svstem Desian and Ooeration. Flue gases 

- 
Compliance 

9.1.2.1 Combustor Desian and ODeration. There are three existing 

Gallatin began operating in 1981, using 

Dutchess County started operating in 1988, using two 253-tpd 
In an attempt to configure the model plant to represent 

In addition, the newer 

As described in the 
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TABLE 9.1-2. BAY COUNTY, FLORIDA EMISSIONS SUMMARYa 

Permitted Values Unit 1 Unit 2 

0.03 0.019 0.024 

NA 133 8 4  

NA NA 169 

(10% opacity) 

NA 428 508 

NA NA 68 

NA NA NA 

aAll values corrected to 12% CO basis except CO, which is on 7% O2 basis. 
CDD/CDF data were measured, bu? have not yet been reported. 
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TABLE 9.1-3. MODEL PLANT BASELINE DATA FOR ROTARY WATERWALL COMBUSTOR 

Combustors: 

Type 
Manufacturer 
Number o f  Combustors 
Combustor U n i t  Capacity 
P1 ant  Capacity 

Emission Controls: 

Type 
Number 
Number o f  F ie lds  
I n l e t  Temperature 
C o l l  e c t i o n  E f f i c i e n c y  
Gas Flow 
Tota l  P la te  Area 
SCA a t  47,000 acfm and 45OoF 

Emi ss i ons : a 

COD/CDF ( t e t r a - o c t a l  
PM (s tack)  
co 
HC1 
s02 

Stack Parameters: 

Height 
Diameter 

Operating Data: 

Remaining P lan t  L i f e  
Annual Operating Hours 
Annual Operating Cost 

- Rotary Waterwall 
- Westinghouse/O’Connor 
- 2  
- 250 t p d  each - 500 tpd  

- E l e c t r o s t a t i c  P r e c i p i t a t o r  
- 2 (one per combustor) 
- 3 each 
- 450 F 
- 98.5 percent - 49,000 acsm each - 16,300 ft each 
- 335 

- 2000 ng/dscmb 
- 0.03 gr /dscf  
- 100 ppmv 
- 500 ppmv 
- 200 ppmv 

- 125 f e e t  
- 4 f e e t  (per f l u e )  

- - > 20 years - 8,000 hours - $5,720,000/year 

a A l l  emissions are dry,,corrected t o  7 percent 02. 

b I n l e t  PM emissions t o  the  ESP are 2.0 gr /dscf  a t  7 percent 02. 

Standard and normal 
cond i t ions  are both 70 F and 1 atmosphere. 
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which are an essential component of good combustion practice. 
majority of existing. plants have these design features, is is appropriate to 
include them in the model. It is assumed that the distribution of 
combustion air in the model plant is the same as that reported for the Bay 
County facility, with 80 percent of the total air delivered to the rotary 
combustor, 15 percent injected through the tertiary nozzles, and 5 percent 
supplied to the burnout grate. 

he model plant is assumed to operate on a 24-hr/day, 'I-day/week 
schedule, burning 100 percent MSW. 
to be similar to Bay County, including ram feeders, three underfire air 
plenum sections along the length o f  the rotary combustor, and one row of 
tertiary air nozzles on each of the front and rear walls in the radiation 
section of the boiler above the discharge of the rotary combustor. A 
burnout grate is located at the exit of the rotar, combustor, and the bottom- 
ash is discharged into a water quench pit. 

The O'Connor combustion system typically operates in the range of 
25 to 75 percent excess air. An average value of 50 percent excess air is 
assumed for the model plant. At 50 percent excess air, total flue gas flow 
rate exiting the heat recovery equipment is approximately 23,900 dscfm per 
unit. Based on the available information for Gallatin and Bay County, the 
flue gas temperatures at the economizer outlet typically range from 
350 to 45OoF. A value of 45OoF is selected for the model plant. 

Continuous monitors are in place to verify combustor flue gas oxygen 
levels and temperatures. 
model plant. 

As discussed in Section 9.1.1.1, the Bay County facility is the only 
operating plant that uses a tapered barrel. In addition, at Bay County the 
rotary combustor protrudes into the radiation section of the boiler. 
has been shown to result in dead zones where mixing is prevented and higher 
CO measurements are observed. 
to use an extended barrel. 
model plant does not include the tapered, extended barrel. 

Because the 

- 

The basic plant configuration is assumed 

1 

It is assumed that CO monitors are in place at the 

This 

Bay County is also the only existing facility 
Therefore, the assumed configuration of the 
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9.1.2.2 Emission Control  System Desiqn and Ooeration. The Bay 
County p l a n t  has 3 - f i e l d  ESP’s t h a t  reduce PM emissions t o  0.02 gr/dscf  from 
2.0 gr/dscf, bu t  measured emissions a t  G a l l a t i n  and expected emissions from 
p l a n t s  c u r r e n t l y  under cons t ruc t ion  a r e  higher.  Therefore, t h e  model p l a n t  
i s  assumed t o  have two 3 - f i e l d  ESP’s t h a t  reduce PM emission t o  0.03 gr /dscf  
(corrected t o  7 percent 02.) The Bay County s i n g l e  s tack w i t h  two f lues 
w i l l  be r e t a i n e d  f o r  the model p l a n t .  Stack parameters are presented i n  
Table 9.1-3, and a p l o t  p l a n  o f  the model p l a n t  i s  shown i n  F igure 9.1-3. 

emissions da ta  f o r  t h e  p l a n t .  A l l  base l ine  emissions are presented 
corrected t o  7 percent 02. 

f o r  a l l  t h e  p o l l u t a n t s  o f  concern, w i t h  t h e  except ion o f  CDO/CDF. 
p a r t i c u l a t e  emissions are estimated t o  be 2 g r / d s c f j  a t  t h e  i n l e t  t o  t h e  
ESP. This i s  t y p i c a l  o f  a convent ional  mass burn waterwal l  f a c i l i t y .  The 
measured CO values a t  Bay County are repor ted  t o  vary from 50 t o  100 ppmv. 
A basel ine value o f  100 ppmv i s  assumed f o r  the model p l a n t .  
c a l c u l a t i o n s  o f  j e t  penetrat ion,  i t  i s  determined t h a t  t h e  e x i s t i n g  t e r t i a r y  
a i r  system i s  no t  adequate t o  p rov ide  the requ i red  coverage and penetrat ion 
o f  t h e  furnace cross sect ion.  
f u e l - r i c h  gases escape t h e  combustor w i thout  being mixed. When combined 
w i t h  an uncont ro l led  p a r t i c u l a t e  emission r a t e  o f  2 gr/dscf ,  t h e r e  i s  
p o t e n t i a l  f o r  extens ive c a t a l y t i c  r e a c t i o n  o f  t h e  organics t o  form COO/COF. 
As such, basel ine uncont ro l led  t e t r a  through octa COO/COF emissions are 
es tab l i shed a t  2,000 ng/dscm. As w i th  t h e  o ther  mass burn models, uncon- 
t r o l l e d  HC1 and SO2 emissions a r e  assumed t o  be 500 ppmv and 200 ppmv 
respec t ive ly .  The combustors are assumed t o  achieve 90 percent waste volume 
reduc t ion  and 70 percent weight reduct ion.  
9.1.3 Good Combustion 

o v e r f i r e  ( t e r t i a r y )  a i r  nozzles i s  requ i red  i n  order  t o  achieve t h e  proper 
mix ing  through penet ra t ion  and coverage o f  t h e  furnace cross sect ion.  
p r o p e r l y  designed and operated t e r t i a r y  a i r  supply w i l l  ensure t h a t  t h e  
combustion gases are thoroughly mixed and t h a t  CDO/CDF emissions are 
minimized. 
are requ i red  t o  determine t h e  proper nozz le size, number, v e l o c i t y ,  and 

9.1.2.3 Environmental Baseline. Table 9.1-3 a l s o  presents basel ine 

Bay County and G a l l a t i n  both have repor ted data 
Basel ine 

Based on 

As a r e s u l t ,  r e l a t i v e l y  l a r g e  q u a n t i t i e s  o f  

9.1.3.1 Oescr io t ion o f  Mod i f i ca t ions .  M o d i f i c a t i o n  t o  t h e  e x i s t i n g  

A 

I n  order  t o  e s t a b l i s h  an e f f e c t i v e  design, f l o w  modeling s tud ies 
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and spacing. 
to supply at least 40 percent of the total combustion air to the system. 
Because the waterwalls in this section of the boiler are a welded wall 
construction, it is assumed that new waterwall panels will be required with 
tube bends around the overfire air nozzles. 

Following a successful redesign of the tertiary air nozzles, the model 
plant will have the design, operation/control, and verification measures in 
place which constitute good combustion practices. The 180OoF temperature is 
attained and auxiliary fuel is in place to use during start up and low 
temperature/high CD conditions. 
place to briefly operation conditions. 
economizer outlet are low enough to prevent CDD/CDF formation from 
occurring. 
achieved and CDD/CDF concentrations are minimized. 

overfire air nozzles the effect on pollutant emission levels will be a 
reduction in COD/COF emissions from the baseline values to 400 ng/dscm. 
additional pollutant reductions can be anticipated. Downtime is estimated 
to be three weeks for each combustor. 

9.1.3.3 Costs. Capital costs for combustion modifications are 
presented in Table 9.1-4. 
are presented in Table 9.1-5. 
9.1.4 Best Particulate Control 

98.5 percent from 2.0 gr/dscf to 0.03 gr/dscf (corrected to 7 percent 02). 
Therefore, the baseline PM emission rate is lower than the rate identified 
with good control (0.05 gr/dscf), and no plant modifications will be required 
for good control. 

9.1.4.1 Oescriotion of Modifications. To achieve best particulate 
control (0.01 gr/dscf) will require an ESP with 20,600 square feet of 
collection area for each combustor. To obtain this performance. each 
existing ESP will be upgraded with 4300 square feet o f  additlonal plate 
area. Fifty feet of ductwork will be replaced between each ESP and the 

In addition, the nozzles should be designed with the ability 

The necessary flue gas monitors are in 
The flue gas temperatures at the 

The new nozzles will ensure that mixing of the exhaust gases is 
- 

9.1.3.2 Environmental Performance. Following redesign of the 

No 

Total capital costs are $295,000. Annual costs 
Annual cost is $109,000 per year. 

The ESP’s in place on the model plant reduce PM emissions by 
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TABLE 9 . 1 4 .  PLANT CAPITAL COST FOR COMBUSTION MODIFICATIONS~ 
(Two u n i t s  o f  250 t p d  each) 

I tem cost  (S1 ,OOO)  

DIRECT COSTS: 

75 
122 

F l  ow Model i ng 
O v e r f i r e  A i r  Nozzles - 

Tota l  197 

98  INDIRECT COSTS AND CONTINGENCIES: 

TOTAL CAPITAL COSTS 

DOWNTIME COST 

ANNUALIZED CAPITAL AND DOWNTIME 

295 

441 - 
97 

aAll costs a re  i n  December 1987 d o l l a r s .  



TABLE 9 .1-5  PLANT ANNUAL COST FOR COMBUSTION MODIFICATIONS 
(Two u n i t s  o f  250 tpd each) 

Item c o s t  (S1,OOO) 

DIRECT COSTS: 

Operating Labor 
Maintenance Labor 
Maintenance Mater ia ls  

Tota l  

INDIRECT COSTS: 

Overhead 
Taxes, Insurance, and Administrat ion 
Cap i ta l  Recovery and Downtime 

Tota l  

0 
0 
0 
0 
- 

0 
12 
- 97 
109 

TOTAL ANNUALIZED COST 109 
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stack. A a plot plan of the equipment arrangement is shown in Figure 9.1-4. 
The existing ID fans will be retained. No new monitoring equipment will be 
installed. Downtime is estimated to be one month for each combustor. 

9.1.4.2 Environmental Performance. Particulate matter emissions will 
be reduced from 0.03 gr/dscf to 0.01 gr/dscf. No other pollutant of interest 
will be affected. The increased fly ash recovery will add 33 tons per year 
to the baseline solid waste disposal requirements for the plant. 

presented in Table 9.1-6. The major capital cost is purchased particulate 
control equipment. A moderate access and congestion factor was used to 
estimate the total capital cost. Total capital required is 51,990,000. 
Downtime costs are $588,000 and are primarily lost revenues from electrical 
generation. Annual costs are shown in Table 9.1-7. The largest annual cost 
is annualized capital recovery and downtime. Total annual cost is $456,000 
per year. 
9.1.5 Good Acid Gas Control 

control, hydrated lime will be injected into the flue gas duct before the 
ESP. The lime sorbent will be fed at a molar ratio of 2:l (calcium-to- 
total acid gas) for a rate of 283 lb/hr per combustor. Site equipment for 
sorbent injection will include a sorbent storage silo, a pneumatic sorbent 
transfer system, pneumatic nozzles, and a sorbent feed bin for each 
combustor. To cool the flue gas from 45OoF to 350°F, water spray nozzles, 
also located in the duct before the ESP inlet, will introduce 5 gpm of 
water. Fifty feet of new duct for each combustor will be fabricated 
containing the water and sorbent nozzles. 

A total of 23,750 square feet of ESP collection area will be required 
to collect the sorbent and fly ash from each combustor at an emission rate 
of 0.01 gr/dscf. The additional 7,450 square feet of required collection 
area will be added as a new single-field ESP in series behind the existing 
ESP. Installation of the two new ESP’s will also require 100 total fee t  of 
new ductwork and two new ID fans. 
shown in Figure 9.1-5. 
for each combustor is also included. Oowntime is expected to be 
approximately one month for each combustor. 

9.1.4.3 m. Capital costs for particulate control upgrade are 

9.1.5.1 Qescriotion of Modifications. For good CDD/CDF and acid gas 

The proposed equipment arrangement is 
New monitoring equipment for SO2, HCl, 02, and C02 
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TABLE 9.1-6. PLANT CAPITAL COST FOR PARTICULATE MATTER CONTROLS 
(Two u n i t s  o f  250 tpd  each) 

I tem cos t  (SlOOO) 

DIRECT COSTS: 

PM Contro la  
Upgrade Costs 
Access/Congestion Cost 

Duct ing Costs 
Access/Congestion Cost 

Other Equipment 
Fan 
Stacks 
Demol i t ion/Relocat ion 

New Flue Gas Ductinga 

I n d i r e c t  Costs and Contingencies 

Mon i to r ing  Equipment 

TOTAL 'CAPITAL COST 

DOWHTIME COST 

Tota l  

1,150 
2aa 

34 
9 

0 
0 
0 
1,480 

.506 

0 

1,990 

588 

ANNUALIZED CAPITAL RECOVERY AND DOWNTIME 338 

aBased on moderate access/congestion. 
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TABLE 9.1 - 7. PLANT ANNUAL COST FOR PARTICULATE MATTER CONTROLS 
. (Two units o f  250 tpd each) 

Item cost (SlOOO) 

OIRECT COSTS: 

Operating Labor 
Supervision 
Maintenance Labor 
Maintenance Materials 
Electricity 
Waste Disposal 
Monitors 

Total 

0 
0 
0 

20 
5 
1 
0 

26 
- 

INDIRECT COSTS: 
12 

80 
-333 

Total 430 

456 

Overhead 
Taxes, Insurance, and 

Capital Recovery and Downtime 
Administration 

TOTAL ANNUALIZED COST 

i 
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9.1.5.2 Environmental Performance. Total CDD/CDF emissions are 
expected to be reduced 75 percent from baseline levels or to 50 dscm, 
whichever is higher.' Acid gas emission reductions are expected to be 
80 percent for HC1 and 40 percent for SO2. 
will be reduced from 0.03 gr/dscf to 0.01 gr/dscf. 
ash and sorbent will add 2,950 tons per year of solid waste to the baseline 
disposal requirements for the plant. 

injection are presented in Table 9.1-8. Total capital cost is $4,140,000. 
Most of the cost is associated with equipment for particulate and temperature 
control. A moderate access and congestion level was assumed for 
all new equipment except the ducts containing the spray nozzles. 
these ducts pass through the boiler building wall, a high access/congestion 
factor was applied to their direct cost. 

are for sorbent purchase and maintenance of monitoring instruments. 
largest annual cost i s  annualized capital recovery and downtime. 
annual cost is estimated to be $1,560,000. 
9.1.6 Best Acid Gas Control 

9.1.6.1 Descriotion of Modifications. To achieve greatest reductions 
in CDD/CDF, HC1, and SO2, a spray dryer with fabric filter will be installed 
on each combustor. The existing ESP's will not be demolished, but will be 
by-passed and left in place. A total o f  300 feet of new duct will be used 
to connect the new equipment between the boilers' outlets and the existing 
stack. 

Lime slurry will be introduced into the spray dryers at a calcium-to- 
acid gas molar ratio of 2.5:l. 
is needed to cool the gas stream from 450°F to 30OoF. 

shown in Figure 9.1-6. 
of 10,600 square feet (net air-to-cloth ratio of 4:l). 
pressure drop of the fabric filters relative to the existing ESP's will 
require replacement of the ID fans. 

Particulate matter emissions 
Additional collected fly 

9.1.5.3 !&&. The capital cost requirements for dry sorbent 

Since 

Annual costs are presented in Table 9.1-9. The major operating costs - 
The 

Total 

The proposed equipment arrangement is shown in Figure 9.1-6. 

Water in the lime slurry equivalent to 7 gpm 

The plant lime receiving, storage, and slurry preparation area,is also 
Each fabric filter will have an effective cloth area 

The increased 

New monitoring instruments for HCl, 
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TABLE 9.1-8. PLANT CAPITAL COST FOR DRY SORBENT INJECTION WITH ADDITIONAL 
ESP COLLECTION AREA (Two units of 250 tpd each) 

Item cost (SlOOO) 

DIRECT COSTS: 

Acid Gas Controla 
Equipment 349 
Access/Congestion Cost 35 

b Particulate and Temperature Control 
Equipment 
Access/Congestion Cost 

Ducting Cost 
Access/Congest i on Costs 

Other Equipment 
Fans 

New Flue Gas Ductinga 

Stacks 
Oemol i tion/Relocation 

Indirect Costs and Contingencies 

Monitoring Equi pment' 

TOTAL CAPITAL COST 

OOWMIHE COST 

1,580 
320 

71 
24 

170 
0 
0 

Total 2,550 

1,080 

514 

4,140 

- 

588 

ANNUALIZED CAPITAL RECOVERY AND DOWNTIHE 

aBased on moderate access/congestion. 

bBased on high access/congestion for temperature control ductwork. 

'Turn key. 

622 
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TABLE 9 .1-9 .  PLANT ANNUAL COST FOR DRY SORBENT INJECTION WITH ADDITIONAL 
ESP COLLECTION AREA (Two u n i t s  for 250 tpd  each) 

I tem costs (SlOOO) 

DIRECT COSTS: 

Operating Labor 
Supervi s i  on 
Maintenance Labor 
Maintenance Mater i  a1 s 
E l e c t r i c i t y  
Water 
Lime 
Waste Disposal 
Monitors 

Tota l  

INDIRECT COSTS: 

Overhead 
Taxes, Insurance, and 

Capital  Recovery and Downtime 
Administration 

Total  

TOTAL ANNUALIZED COST 

60 
16 
26 
41  
30 

2 
181 

74 
206 
642 

89 

145 
222 

856 

1,500 
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SO2, C02, 02, and opacity will also be installed. 
be one month for each combustor for ductwork and tie-ins. 

of 99 percent or to 5 dscm (whichever is higher) are expected. Emissions o f  
particulate matter will be reduced to 0.01 gr/dscf. Acid gas emissions will 
be reduced 90 percent for SO2 and 97 percent for HC1. Sol id waste in the 
form of recovered sorbent and additional recovered fly ash will add 
2,590 tons per year to the plant disposal requirements. 

filter systems are shown in Table 9.1-10. Total capital cost is $10,600,000; 
the major capital item is purchased equipment. A moderate access and 
congestion factor was used for all new equipment. Annual costs are shown in 
Table 9.1-11. The largest annual costs are for maintenance materials 
including bag replacement, and for annualized capital recovery and downtime. 
Maintenance cost for process monitors is also significant. Total annual 
cost is estimated at $2,960,000 per year. 
9.1.7 Summarv of Control Ootions 

9.1.7.1 Descriotion o f  Control Ootions. 'The control technologies 
described in Sections 9.1.2 through 9.1.6 have been combined into the seven 
retrofit emission control options previously described in Section 3.0. 
Table 9.1-12 presents the combination of combustion, temperature, 
particulate, and acid gas control technology used for each of the control 
options. 
good PM control at baseline, Options 1 and 2 are identical. 

option is summarized in Table 9.1-13. 
both the pollutant concentrations and emissions. 
COO/COF emissions is achieved by addition of the spray dryer/fabric filter 
systems; the next most effective measure for control o f  CDD/CDF is combustor 
modification. The lowest overall emissions of CDD/CDF result from.the 
implementation of both of these technologies together. 
is almost as effective for CDD/CDF control as combustor modifications. 
sorbent addition technologies negatively impact solid waste disposal 
requirements slightly. 

Downtime is expected to 

9.1.6.2 Environmental Performance. Reductions in CDD/CDF emissions 

9.1.6.3 Costs. Capital costs for installing the spray dryer/fabric 

It should be noted that since the model plant already achieves 

9.1.7.2 Environmental Performance. The performance of each control 
For each pollutant, the table presents 

The greatest reduction in 

Dry sorbent injection 
Both 
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TABLE 9.1-10. PLANT CAPITAL COST FOR SPRAY DRYER WITH FABRIC FILTER 
(Two units o f  250 tpd each) 

Item cost (SlOOO) 

DIRECT COSTS: 

Acid Gas Control 
Equipment 
Access/Congestion Cost 

New Flue Gas Duc 
Ducting Cost 
Access/Congest 

Other Equipment 
Fans 
Stacks 

i ng 

on Cost 

Demolition/Relocation 

5,040 
950 

102 
26 

183 
0 - 
0 

Total 6,300 
- 

Indirect Costs 2,080 

Contingency 1,670 

Monitoring Equipmenta 

TOTAL CAPITAL COST 

DOWNTIME COST 

573 

10,600 

588 

ANNUALIZED CAPITAL RECOVERY AND CONTINGENCIES I, 470 

aTurn key. 
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TABLE 9.1-11. PLANT ANNUAL COST FOR SPRAY DRYER WITH FABRIC FILTER 
(Two units of  250 tpd each) 

Item cost (SlOOO) 

DIRECT COSTS: 

Operating Labor 96 
Supervision 14 
Maintenance Labor 
Maintenance Materials 
Electricity 116 
Compressed Air 16 
Water 4 
Lime 150 
Waste Disposal 97 

215 Monitors - 
Total 913 

1 ::a 

INDIRECT COSTS: 

Overhead 
Taxes, Insurance, and 

Administration. 
Capital Recovery and Downtime 

Total 

TOTAL ANNUALIZED COST 

173 

402 
1.470 
2,050 

2,960 

'Includes bag replacement costs o f  $28,000. 
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9.1.7.3 Costs. The total annualized cost of each option is presented 
i n  Table 9.1-14. The cost o f  control options increases as the level of 
control increases. Combustion control combined with acid gas control 
technologies increases CDD/CDF control substantially (about 80 percent) with 
very little additional cost. 
retrofit is downtime, and the downtime for the acid gas APCD retrofit is 
longer than for the combustion modifications. 

9.1.7.4 Enerqv ImDacts. Table 9.1-15 presents a summary of the 
energy impacts associated with the control options. The electrical use 
figures take into account the savings realized by not operating the existing 
ESP. 
are already in place on the mode'l plant and are used under baseline 
operation. 

This is because the major cost of combustion 

There i s  no increase in auxiliary fuel use because auxiliary burners 

- 
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TABLE 9.1-15. ENERGY IMPACTS FOR ROTARY WATERWALL 
COMBUSTOR MODEL PLANT CONTROL OPTIONS~ 
(Two u n i t s  o f  250 tpd each) 

E l e c t r i c a l  Use Gas Use 
Option (mJh/Y r 1 ( Btu/yr) 

1 0 0 

2 0 0 

3 102 0 

4 672 0 

5 672 0 

6 2,520b 0 - 
7 2 ,  520b 0 

aIncrease from base1 i n e  consumption. 

bExcludes the  e l e c t r i c a l  c r e d i t  o f  not  operating the ESP's. 
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10.0 MODEL PLANTS REPRESENTING PROJECTED I l l ( d )  FACILITIES 

I n  a d d i t i o n  t o  t h e  estimated 160 MWC's c u r r e n t l y  operat ing,  there  are 
a t  l e a s t  another 110' t h a t  w i l l  commence cons t ruc t ion  by 1989 and there fore  
be subject  t o  t h e  l l l ( d )  regu la t ions .  This populat ion was examined and each 
f a c i l i t y  was assigned t o  one o f  t h e  12 model p lan ts  presented i n  Sect ion 4.0 
through 9.0 when appropr iate.  
planned f a c i l i t i e s  and t h e  e x i s t i n g  I l l ( d )  model p l a n t s  were i d e n t i f i e d ,  new 
model p l a n t s  were developed. 
p lan ts  they have been assigned t o  i s  presented i n  a separate memorandum. 
Sections 10.1 through 10.5 present t h e  case study summaries f o r  the 
add i t iona l  f i v e  model p l a n t s  developed t o  represent planned l l l ( d )  
f a c i l i t i e s .  
10.1 LARGE MODULAR EXCESS A I R  COMBUSTOR 
10.1.1 Descr io t ion  o f  t h e  Model P lan t  

t h i s  sec t ion  was selected as representa t ive  o f  s i x  planned I l l ( d )  p l a n t s  
t h a t  would commence cons t ruc t ion  by November 1989 and be subject  t o  t h e  
Sect ion I l l ( d )  guide1 ines c u r r e n t l y  be ing developed. 
p l a n t  i s  s i m i l a r  i n  design t o  the modular excess-air  p l a n t  presented i n  
Sect ion 8.1, t h i s  model i s  somewhat l a r g e r .  This r e f l e c t s  t h e  r e l a t i v e  
increase i n  capac i ty  represented by t h e  pro jected excess-air  MWC's. 
model p l a n t  data are shown i n  Table 10.1-1. 

The model p l a n t  cons is ts  o f  t h r e e  u n i t s ,  each w i t h  a r a t e d  capaci ty  o f  
140 tpd  and based on t h e  Enercon/Vicon design. The u n i t s  burn 100 percent 
municipal s o l i d  waste, 24-hours/day, 7-days/week. Each u n i t  has both 
pr imary and secondary combustion chambers which mani fo ld  i n t o  a s i n g l e  
t e r t i a r y  duct  where burn ing i s  completed p r i o r  t o  the f l u e  gases en ter ing  a 
waste heat b o i l e r .  The b o i l e r  reduces t h e  f l u e  gas temperature from 1400OF 
t o  45OoF before e n t e r i n g  t h e  a i r  p o l l u t i o n  c o n t r o l  equipment. 

Fuel feeding and combustion a i r  suppl ies are i d e n t i c a l  t o  those of the 
modular excess-a i r  p l a n t  descr ibed i n  sec t ion  8.1. 
b o i l e r  o u t l e t  are assumed t o  be 50 percent. Flue gas f lowra tes  are 
approximately 40,100 dscfm a t  the b o i l e r  e x i t .  CO and O2 monitors are 
located a t  t h e  secondary chamber e x i t .  Temperatures are measured a t  the 

Where d i f fe rences  between the populat ion o f  

A l i s t  o f  these f a c i l i t i e s  and t h e  model 

- 
10.1.1.1 combus t o r  Desian and Ooeratioq. The model p l a n t  presented i n  

Although t h i s  model 

The 

Excess a i r  l e v e l s  a t  the 
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TABLE 10.1-1 MODEL PLANT BASELINE DATA FOR LARGE MODULAR 
EXCESS-AIR COMBUSTOR 

Combustor: 

Type 
Number of Combustors 
Combustor Unit Capacity 
P1 ant Capacity 

Emission Controls: 

Type 
Number of ESP's 
Number of Fields 
Inlet Temperature 
Collection Efficiency 
Gas Flow 
Total Plate Area 
SCA at 82,000 acfm and 450°F 

Emissions:a 

CDD/CDF (tetra-octa) 
PM (stack) 
co 
HC1 
s02 

Stack Parameters: 

Height 
Diameter 

Operating Data: 

Remaining Plant Life 
Annual Operating Hours 
Annual Operating Cost 

- Modular Excess-air 
- 3  - 140 tpd each - 420 tpd 

- Electrostatic Precipitator 
- 1  
- 2  
- 45OoF 
- 97.5 percent - 82,000 aczm 
- 24,200 ft 
- 295 

- 200 ng/dscm 
- 0.05 gr/dscf 
- 50 ppmv 
- 500 ppmv 
- 200 ppmv 

- 70 ft 
- 8.0 ft 

- - > 20 years 
- 8,000 hours - $3,810,000 

aAll emissions are dry.,corrected to 7 percent 02. 

bInlet PM emissions to the ESP are 2.0 gr/dscf at 7 percent 02. 

Standard and Normal 
conditions are both 70 F and 1 atmosphere. 
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exit of the primary and secondary chambers, and at the boiler inlet and 
outlet. 
chamber for use during process start-up and during episodes of low 
temperatures. 

model plant described in Section 8.1, the model plant here is equipped with 
a single 2-field ESP controlling particulate matter emissions to 
0.05 gr/dscf at 7 percent 02. 
single boiler and ESP, a single stack is also assumed. 
fan is located downstream of the ESP. A plot plan of the model plant is 
shown in Figure 10.1-1. 

emissions data for the model plant. 
presented for the modular excess air model plant presented in Section 8.1. 
The combustion process is assumed to reduce incoming waste 90 percent by 
volume and 70 percent by weight. 
10.1.2 Good Combustion Control 

verified by the low uncontrolled levels of CDO/COF and CO emissions. Under 
normal operating conditions the combustor achieves 18OO0F, and good mixing is 
i n  place. Monitoring of temperature, oxygen, and CO is also in place. Due 
to adequate heat removal through the boiler, the exhaust gas temperature is 
45OoF. As a result, there is no need for further flue gas temperature 
reduction prior to the air pollution control equipment, and the potential for 
formation of CDD/COF in the ESP is minimized. Based on this assessment there 
are no combustion retrofits required for the model plant. 
10.1.3 Best Particulate Control 

The ESP in place on the model plant reduces PM by 97.5 percent, from 
2.0 gr/dscf to 0.05 gr/dscf corrected to 7 percent 02. Therefore, the 
baseline PM emission rate is equal to the rate identified with good control 
(0.05 gr/dscf), and no plant modifications will be required for this control 
1 eve1 . 

matter control (0.01 gr/dscf emission rate) will require an ESP with 
34,500 square feet of collection area. 

An auxiliary fuel burner is located in the primary combustion 

10.1.1.2 Emission Control System Oesian and ODeration. As with the 

Since all three combustors are ducted to a 
The model plant ID 

10.1.1.3 Environmental Base1 ine. Table 10.1-1 also presents baseline 
Baseline emissions are the same as 

The model plant has good combustion practices in place. This is 

10.1.3.1 Descriotion of Modifications. To achieve best particulate 

Therefore, an additional 
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Combustors 
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I I I I 

lipping floor 

Figure 10.1-1. Plot Plan o f  Model Plant 
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10,300 square feet will be added to the model plant ESP. The additional area 
will be installed as a separate single-field ESP in series with the existing 
ESP. A hundred feet of new duct and a new ID fan will be required. 
existing stack will continue to be used. 
equipment arrangement is shown in Figure 10.1-2. No new monitoring 
equipment will be required. Downtime will affect both combustors at once 
and is estimated at one month for ductwork tie-in. 

be reduced from 0.05 gr/dscf to 0.01 gr/dscf. The increased fly ash 
recovery will add 55 tons per year to the baseline solid waste disposal 
requirements for the plant. 

10.1.3.3 Costs. Capital cost requirements for best particulate 
control are shown in Table 10.1-2. The major cost item is the particulate 
control equipment. Total capital requirement is $1,400,000. Annual costs 
are presented in Table 10.1-3, and are dominated by annualized capital 
recovery and downtime. Total annual costs are expected to be $327,000 per 
year. 
10.1.4 Good Acid Gas Control 

10.1.4.1 Descriotion of Modifications. For good acid gas and CDD/CDF 
control, hydrated lime sorbent will be injected into the flue gas duct 
before the ESP. The lime sorbent will be fed at a molar ratio 2:l (calcium 
to acid gas) for a rate of 475 lb/hr with both combustors operating. 
Additional equipment for sorbent injection will include a sorbent storage 
silo, a pneumatic sorbent transfer system, a sorbent feed bin, and pneumatic 
injection nozzles. To cool the flue gas from 45OoF to 35OoF, spray nozzles, 
also located in the duct before the ESP, will introduce 8 gpm of water. 
Fifty feet of new duct will be fabricated containing the water and sorbent 
nozzles. 

A total of 39,900 square feet of ESP collection area will be required 
to collect the sorbent and fly ash to an emission level o f  0.01 gr/dscf. 
Therefore, an additional 15,700 square feet of collection area will be added 
to the model plant ESP. The additional area will be installed as a separate 
single-field ESP in series with the existing ESP. 
ESP will also require 100 feet of new duct and a new ID fan. 

The 
A plot plan of the proposed 

10.1.3.2 Environmental Performance. Particulate matter emissions wi 1 1 

- 

Installation of the new 
The proposed 
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TABLE 10.1-2 PLANT CAPITAL COST FOR PARTICULATE MATTER CONTROLS 
(Three units o f  140 tpd each) 

Item cost ($1000) 

DIRECT COSTS: 

PM control' 
Upgrade Costs 
Access/Congestion Cost 

Ducting Costs 
Access/Congestion Cost 

Other Equipment 
Fan 

New Flue Gas Ductinga 

. 

Stack 
Demo1 it i on/Rel ocat i on 

Total 

Indirect Costs and Contingencies 

Monitoring Equipment 

TOTAL CAPITAL COST 

DOWNTIME COST 

ANNUALIZED CAPITAL RECOVERY AND DOWNTIHE 

671 
168 

45 
11 

152 
0 
2 

1,050 

357 

0 

1,400 

432 

242 

aBased on moderate access/congestion. 
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TABLE 10.1-3 PLANT ANNUAL COST FOR PARTICULATE MATTER CONTROLS 
(Three u n i t s  o f  140 tpd each) 

I tem cost ($1000) 

DIRECT COSTS: 

Operating Labor 
Supervision 
Maintenance Labor 
Maintenance Mater ia ls  
E l  ec t r i c i  t y  
Waste Disposal 
Monitors 

Total  

INDIRECT COSTS: 

Overhead 
Taxes, Insurance, and 

Capi ta l  Recovery and Downtime 
Administrat ion 

Total  

TOTAL ANNUALIZED COST 

0 
0 
0 

14 
6 
1 
0 

21 
- 

8 

56 
242 
305 

327 
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equipment arrangement is s h w n  in Figure 10.1-3. New monitoring equipment 
for SO2, HC1, O2 and C02 is also included. Downtime is estimated at one 
month. 

be reduced to 25 percent of inlet levels or to 50 ng/dscm, whichever is 
greater. 
and 40 percent for SO2. 
0.01 gr/dscf. Additional collected fly ash and sorbent will add 2,510 tons 
per year of solid waste to the baseline disposal requirements for the plant. 

10.1.4.3 Costs. Capital cost requirements for dry sorbent injection 
are presented in Table 10.1-4. Total capital cost is $2,790,000. Most o f  
the cost is associated with new equipment for particulate and temperature 
control. 
equipment except the duct containing the spray nozzles. 
passes through the building wall, a high access/congestion factor was 
applied to the direct cost. 

Annual costs are presented in Table 10.1-5. The major operating costs 
are for lime purchase and monitoring equipment maintenance. 
annual cost is annualized capital recovery and downtime. Total annual cost 
is estimated to be $999,000. 
10.1.5 Best Acid Gas Control 

in COD/CDF, HC1, and SO2, a spray dryer/fabric filter system will be 
installed. The existing ESP will not be demolished, but will be bypassed 
and left in place. 
the new equipment between the boiler outlet and the existing stack. 
proposed equipment arrangement is shown in Figure 10.1-4. 

Lime slurry will be introduced into the spray dryer at a calcium-to-acid 
gas molar ratio of 2.5:l. 
needed to cool the gas stream from 45OoF to 30OoF. 

Figure 1O.i-4. The fabric filter will have 17,800 square feet of effective 
cloth area (net air-to-cloth ratio of 4:l). The increased pressure drop of 

10.1.4.2 Environmental Performance. CDD/CDF emissions are expected to 

Acid gas emission reductions are expected to be 80 percent for HC1 
Particulate matter emissions will be reduced to 

A moderate access and congestion level is assumed for all 
Since this duct 

. 

The largest 

10.1.5.1 Descriotion of Modifications. To achieve greater reductions 

A total of 200 feet of new duct will be used to connect 
The 

Water in the lime slurry equivalent to 12 gpm is 

The lime receiving, storage and slurry preparation area is also shown in 



Stack 

-1 

New ESP 
and ID Fan 

ESP 

Storage 
Building 

Wall 

New Duct 
with Injection Nozzles 

i 

. Combustors 

Tipping floor 

8 
i 

Figure 10.1-3. Plot Plan o f  Dry Sorbent Injection Equipment Arrangement 
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TABLE 10.1-4 PLANT CAPITAL COST FOR DRY SORBENT INJECTION 
WITH ADDITIONAL ESP COLLECTION AREA 
(Three units o f  140 tpd each) 

Item cost ($1000) 

DIRECT COSTS: 

Acid Gas Controla 
Equipment 
Access/Congest i on Cost 

b Particulate and Temperature Control 

33 1 
33 

Equipment 
Access/Congestion Cost 

Ducting Cost 
Access/Congestion Costs 

Other Equipment 
Fans 
Stacks 
Demo1 ition/Relocation 

New Flue Gas Ductinga 

Indirect Costs and Contingencies 

Monitoring Equipment' 

TOTAL CAPITAL COST 

DOWNTIHE COST 

974 
203 

43 
10 

140 
0 
0 

Total 1,730 

80 1 

257 

2.7.90 

432 

ANNUALIZED CAPITAL RECOVERY AND DOWNTIHE 423 

aBased on moderate access/congestion. 

bBased on high access/congestion f o r  temperature control ductwork. 

'Turn key. 
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TABLE 10.1-5. PLANT ANNUAL COST FOR DRY SORBENT INJECTION WITH 
ADDITIONAL ESP COLLECTION AREA 

(Three u n i t s  o f  140 t p d  each) 

I tem cost  ($1000) 

DIRECT COSTS: 

Operat ing Labor 
Supervis ion 
Maintenance Labor 
Maintenance M a t e r i a l s  
E l e c t r i c i t y  
Water 
Lime 
Waste Disposal 
Monitors 

T o t a l  

INDIRECT .COSTS: 

Overhead 
Taxes, Insurance, and 

Cap i ta l  Recovery and Downtime 
Admi n i s t r a t i  on 

Tota l  

30 
5 

14 
36 
2 1  

2 
152 
63 

50 

101 
- 423 

574 

TOTAL ANNUALIZED COST 999 
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Tipping Floor 

A 

figure 10.1-4 Plot Plan of Spray Dryer/Fabric filter Retofit Equipment 
Arrangement 
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the fabric filter relative to the existing ESP will require replacement of 
the ID fan. 
be installed. 

99 percent or to 5 ng/dscm (whichever gives higher emissions) is expected. 
Emissions of particulate matter will be reduced to 0.01 gr/dscf. Acid gas 
emissions will be reduced 70 percent for SO2 and 90 percent for HCl. 
waste in the form of additional fly ash and recovered sorbent will add 
2,210 tons per year to the plant solid waste disposal requirements. 

filter system are shown in Table 10.1-6. Total capital cost is 56,950,000. 
The major capital cost is for the purchased equipment. A moderate 
access/congestion factor was applied to all direct equipment costs. Annual 
costs are shown in Table 10.1-7. The largest annual costs are %r 
maintenance materials, including bag replacement, and annualized capital - 
recovery and downtime. Maintenance cost for monitors is also significant. 
Total annual cost is estimated at 51,950,000 per year. 
10.1.6 S u m a r v  of Control Options 

described in the previous sections have been combined into seven retrofit 
emission control options. Table 10.1-8 summarizes the combustion, 
particulate, temperature, and acid gas control technologies described in 
Sections 10.1.2 through 10.1.5 that were combined for each of the control 
options described in Section 3.0. 

It should be noted that since the model plant already achieves moderate 
PM control at baseline, Options 1 and 2 are identical. Also, since the model 
plant achieves good combustion at baseline, Options 1 and 2 are equivalent to 
baseline, Options 4 and 5 are identical, and Options 6 and 7 are identical. 

option is summarized in Table 10.1-9. 
presents both the pollutant concentrations and emissions. The greatest 
emission reductions of acid gases, particulate matter, and CDD/CDF all are 
achieved with the spray dryer/fabric filter system. The next most effective 
control for all these pollutants is dry sorbent injection. 

New monitoring equipment for HCl, SO2, to2, O2 and opacity will 
Downtime is expected to be one month for ductwork tie-ins. 

10.1.5.2 Environmental Performance . CDD/CDF emission reduction o f  

Solid 

10.1.5.3 Q&. Capital costs for installing a spray dryer/fabric 

10.1.6.1 Oescriotion o f  Control Costs. The control technologies 

10.1.6.2 Env ironmental Performance. The performance of each control 
For each pollutant, the tabTe 

Both sorbent 

10-14 



TABLE 10.1-6. PLANT CAPITAL COST FOR SPRAY DRYER WITH FABRIC FILTER 
(Three units o f  140 tpd each) 

Item cost ($1000) 

DIRECT COSTS: 

Acid Gas Control 
Equipment 
Access/Congestion Cost 

Ducting Cost 
Access/Congestion Cost 

Other Equipment 
Fans 
Stacks 
Demo1 ition/Relocation 

New Flue Gas Ducting 

Total 

3,130 
781 

a9 
22 

151 
0 
0 - 

4,170 

Indirect Costs 1,380 

Contingency 1,110 

Monitoring Equi pmenta 286 

TOTAL CAPITAL COST 6,950 

DOWHTIHE COST 432 

ANNUALIZED CAPITAL RECOVERY AND DOWHTIHE 970 

aTurnkey. 
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TABLE 10.1-7 PLANT ANNUAL COST FOR SPRAY DRYER WITH FABRIC FILTER 
(Two u n i t s  o f  100 t p d  each) 

I tem cost  ($1000) 

DIRECT COSTS: 

Operating Labor 
Supervision 
Maintenance Labor 
Maintenance Ma te r ia l s  
E l e c t r i c i t y  
Compressed A i r  
Water 
Lime 
Waste Disposal 
Monitors 

INDIRECT COSTS: 

Overhead 
Taxes, Insurance, and 

Cap i ta l  Recovery and Downtime 
Admin is t ra t ion  

TOTAL ANNUALIZED COST 

Tota l  

To ta l  

4a 
7 

26a 106 
93 
13 
3 

126 
a2 

613 

99 

266 
970 

1,340 

1,950 

aIncludes bag replacement costs o f  S23,OOO. 
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a d d i t i o n  technologies increase s o l i d  waste s l i g h t l y  ( l ess  than 10 percent 
over base l ine) .  No combustion mod i f i ca t i ons  were made, so CO emissions 
remain unchanged a t  50 ppm f o r  a l l  opt ions.  

i n  Table 10.1-10. 
f i l t e r  i n s t a l l a t i o n ,  a t  a c a p i t a l  cos t  o f  $2,270,000. Overa l l ,  cos ts  are 
h igher  f o r  h igher  l e v e l s  o f  c o n t r o l .  

10.1.6.3 &&. The t o t a l  annualized cos t  o f  each op t i on  i s  presented 
The most c o s t l y  c o n t r o l  op t i on  i s  the  spray d r y e r / f a b r i c  

10.1.6.4 Enerav Imoacts. Table 10.1-11 presents a summary o f  the  
energy impacts associated w i t h  the  c o n t r o l  opt ions.  The energy use f i gu res  
are incremental use; savings r e a l i z e d  by no t  operat ing the  e x i s t i n g  ESP are 
taken i n t o  account. There i s  no increase i n  a u x i l i a r y  f u e l  use because 
a u x i l i a r y  burners are already i n  p lace  on the  model p l a n t  and are used under 
basel ine operat ion.  

- 
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TABLE 10.1-11. ENERGY IMPACTS FOR THE LARGE MODULAR i X C E S S - A I R  
COMBUSTOR MODEL PLANT CONTROL OPTIONS 

E l e c t r i c a l  Use Gas Use 
Option (MWh/yr) ( B W y r )  

1 0 0 

2 0 0 

125 0 

448 0 

44% 0 

2 ,  040b 0 

7 2 ,  040b 0 

a h c r e a s e  from basel ine  consumption. 

bExcludes t h e  e l e c t r i c a l  c r e d i t  o f  n o t  operat ing the ESP's .  
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10.2 SMALL MASS BURN WATERWALL COMBUSTOR 
This model plant described in this section represents projected small 

mass burn plants which will commence construction by November 1989 and will 
be subject to the Section lll(d) guidelines rather than to the proposed 
NSPS. This model plant is the same as the one described in Section 5.3 
except that baseline for the model includes good combustion practices and 
temperature control to 45OoF whereas the model plant discussed in 
Section 5.3 does not. Table 10.2-1 summaries the combustion, temperature, 
particulate, and acid gas control technologies that were combined for each 
of the control options described in Section 3.0. 
described in Section 5.3, the model plant already achieves good PM control 
at baseline; Option 1 is identical to Option 2. 

and the control options were adjusted from those presented in Section 5.3 to. 
reflect the change in baseline. 
presented in the following three sections. 
10.2.1 Environmental Performance 

As with the model plant 

The environmental performances, costs, and energy impacts for basel ine 

A summary of these impacts and costs are 

Table 10.2-2 summarizes the environmental performances of baseline and 
each control option. Because of the change in baseline, baseline emissions 
are equivalent to those presented under Control Option 1 and 2. 
Furthermore, COO/COF emissions for Options 4 and 5 are 75 percent lower than 
baseline and COO/COF emissions for Option 6 and 7 are 98 percent lower than 
baseline. 
basel ine. 
baseline o f  other pollutants (PM, SO2, and HC1) for each control options 
remain unchanged from those presented in Section 5.3. Similarly, total 
solid waste disposal rates of the control options also remain.unchanged. 
Because this model plant uses good combustion practices in the baseline 
whereas the model plant described in Section 5.3 does not, baseline 
emissions o f  COD/CDF and CO in Table 10.2-2 are 93 and 88 percent lower, 
respectively, than those presented at baseline for the small mass burn 
waterwall model plant in Section 5.3. 

CO emissions for the control. options are equivalent to those of 
The respective emission rates and the emission reductions from 
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10.2.2 Costs 
The total capital and annualized costs of each option are presented in 

Table 10.2-3 for the model plant described in this Section. 
the control options that include good combustion practices (Options 2, 3, 5, 
and 7) were estimated as the difference between the costs presented in Table 
5.3-13 and the costs of both the combustor control presented in Tables 5.3-3 
and 5.3-4 and of temperature control presented in Tables 5.3-5 and 5.3-6. 

for higher levels of control. 
baseline, no costs are presented for Options 1 and 2. Costs of Options 4 
and 5 are the same as are the costs of Options 6 and 7. Total capital and 
annualized costs for the most expensive option (Options 6 or 7) are 
$8,190,000 and $2,570,000, respectively. 
10.2.3 Enerov ImDacts - 

Table 10.2-4 presents a summary of the energy impacts associated with 
the control options for the model plant described in this section. The 
electricity consumed for Options 1 to 7 were estimated from those presented 
in Table 5.3-14 by subtracting the electricity consumed for temperature 
control to 45OoF (Option 1 in Table 5.3-14). 
filter control options consume the most electricity (1,240 MWh/yr). 
Auxiliary fuel is assumed to be fired during baseline. 
auxiliary fuel use beyond baseline is expected for the control options. 

The costs for 

Overall, both capital and annualized costs in Table 10.2-3 are higher 
Since good PM control is achieved at 

The spray dryer with fabric 

Thus, no increase in 
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TABLE 10.2-4 ENERGY IMPACTS FOR SMALL MASS BURN 
WATERWALL COMBUSTOR CONTROL OPTIONS~ 

Option 
E l e c t r i c a l  Use 

(MWyr)  

0 

0 

92 

600 

600 

1,420b 

1, 420b 

~~ ~ 

0 

0 

0 

0 

'0 

0 - 
0 

a h c r e a s e  from base1 i n e  consumption. 
bTotal e l e c t r i c a l  use excludes t h e  e l e c t r i c a l  savings o f  not  operat ing the 

e x i s t i n g  ESP's. 
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10.3 LARGE RDF-FIRED COMBUSTOR 
The model plant. described in this section represents projected large 

RDF-fired plants which will commence construction by November 1989 and will 
be subject to the Section I l l ( d )  guidelines rather than to the proposed 
NSPS. 
except that baseline for the model includes good combustion practices and 
temperature control to 45OoF whereas the model plant discussed in 
Section 6.1 does not. It is assumed that the downtime associated with 
retrofitting APCD’s for control options will take only 1 month per 
combustor. This downtime period for this model plant is shorter than those 
assumed for the model plant described in Section 6.1. In addition, access 
and congestion for retrofitting APCD’s are assumed to be moderate for this 
model plant. A high access and congestion factor was assumed for the model 
plant in Section 6.1. Table 10.3-1 summarizes the combustion, temperature, 
particulate, and acid gas control technologies that were combined for each 
of the control options described in Section 3.0. As with the model plant 
described in Section 6.1, the model plant already achieves best PM control 
at baseline; Option 1 to 3 are identical. 

The environmental performances, costs, and energy impacts for baseline 
and the control options were adjusted for those presented in Section 6.1 to 
reflect the changes in base1 ine, downtime, and access/congestion. 
of these impacts and costs are presented in the following three sections. 
10.3.1 Environmental Performance 

each control option. Because of the changes in baseline, baseline emissions 
are equivalent to those presented under Control Options 1 to 3. 
Furthermore, CDD/CDF emissions for Options 4 and 5 are 75 percent lower than 
those of baseline, and CDD/CDF emissions for Option 6 and 7 are 99 percent 
lower than baseline. 
to those of baseline. 
from baseline of the other pollutants (PM, SO2, and HC1) remains unchanged 
from those presented in Section 6.1. 
rates of the control options also remain unchanged. Because the model plant 

The model plant is the same as the one described in Section 6.1 

A summary 

Table 10.3-2 summarizes the environmental performances of baseline and 

CO emissions for the control options are equivalent 
The respective emission rates and.emission reductions 

Similarly, total solid waste disposal 
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uses good combustion practices whereas the model plant described in Section 
6.1 does not, baseline emissions of CDD/CDF and CO in Table 10.3-2 are 87 
and 25 percent lower, respectively, than those presented at baseline for the 
large RDF-fired model plant in Section 6.1. 
10.3.2 

The total capital and annualized costs for each options are presented 
in Table 10.3-3 for the model plant described in this section. The costs 
for the control options that include good combustion practices (Options 2, 
3, 5 and 7) were estimated as the difference between the costs presented in 
Table 6.1-11 and the costs of the combustor control presented in Tables 
6.1-3 and 6.1-4. Total capital costs presented in Table 10.3-3 for moderate 
access and congestion were estimated from those presented in Section 6.1 for 
high 'access and congestion. 
estimated 
an the ratio of the access and congestion factors. 
costs were calculated from the direct'capital costs using appropriate 
multipliers. 
month were prorated from those presented in Table 6.1-11 based on facility 
downtimes . 

Overall,.both capital and annualized costs in Table 10.3-3 are higher 
for higher levels for control. Since best PM control is achieved at 
baseline, no costs are presented for Options 1 to 3. Costs of Options 4 and 
5 are the same as well as the costs of Options 6 and 7.. Total capital and 
annualized costs for the most expensive option (Options 6 or 7) are 
$26,200,000 and $9,170,000, respectively . 
10.3.3 Enerav ImDacts 

the control options for the model plant described in this section. 
spray dryer with fabric filter control. options consume the most electricity 
(7,710 MWh/yr). 
expected for the control options. 

Direct capital costs for the model plant were 
by multiplying the direct capital costs presented in Section 6.1 

Indirect and contingency 

Similarly, downtime costs presented in Table '10.3-3 for one 

Table' 10.3-4 presents a summary of the energy impacts associated with 
The 

No increase in auxiliary fuel use beyond baseline is 
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TABLE 10.3-4. PLANT TOTAL ENERGY IMPACTS FOR CONTROL OPTIONSa 

Electrical Use Gas Use 
Option (MWh/yr) ( Btu/yr) 

1 0 0 

2 0 0 

3 0 0 

4 615 

5 615 

6 13 ,300b 

7 13,300b 

ahcrease from base1 ine consumption. 

blotal electrical use. excludes the electrical savings o f  not operating the 
existing ESP's. 
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10.4 SMALL RDF-FIRED COMBUSTOR 
The model plant described in this section represents projected small 

RDF-fired plants whi’ch will commence construction by November 1989 and will 
be subject to the Section lll(d) guidelines rather than to the proposed 
NSPS. The model plant is the same as the one described in Section 6.2 
except that baseline for the model includes good combustion practices 
whereas the model plant discussed in Section 6.2 does not. It is assumed 
that the downtime associated with retrofitting APCD’s for control options 
will taken only 1 month per combustor. 
plant is shorter than those assumed for the model plant described in 
Section 6.2. 
assumed to be moderate for this model plant. A high access and congestion 
factor was assumed for the model plant in Section 6.2. Table 10.4-1 
summarizes the combustion, temperature, particulate, and acid gas control 
technologies that were combined for each of the control options described in’ 
Section 3.0. As with the model plant described in Section 6.2, the model 
plant already achieves best PM control at baseline; Options 1 to 3 are 
identical. 

The environmental performances, costs, and energy impacts for basel ine 
and the control options were adjusted for those presented in Section 6.2 to 
reflect the changes in basel ine, downtime, and access/congestion. 
of these impacts and costs are presented in the following three sections. 
10.4.1 Environmental Performance 

each control option. 
are equivalent to those presented under Control Options 1 to 3. 
Furthermore, CDD/CDF emissions for Options 4 and 5 are 75 percent lower than 
those of baseline, and CDD/CDF emissions for Options 6 and 7 are 99 percent 
lower than baseline. CO emissions for the control options are equivalent to 
those of baseline. The respective emission rates and emission reductions 
from baseline of the other pollutants (PM, SO2, and HC1) remains unchanged 
from those presented in Section 6.2. 
rates of the control options also remain unchanged. 
uses good combustion practices whereas the model plant described in 

This downtime period for this model 

In addition, access and congestion for retrofitting APCD’s are 

A summary 

Table 10.4-2 summarizes the environmental performances of basel ine and 
Because of the change in baseline, baseline emissions 

Similarly, total solid waste disposal 
Because the model plant 
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Section 6.1 does not, baseline emissions of CDD/CDF and CO in Table 10.4-2 
are 80 and 71 percent lower, respectively, than those presented at baseline 
for the small RDF-ffred model plant in Section 6.2. 
10.4.2 Costs. 

The total capital and annualized costs of each options are presented in 
Table 10.4-3 for the model plant described in this section. The costs for 
the control options that include good combustion practices (Options 2, 3, 5, 
and 7) were estimated as the difference between the costs presented in Table 
6.2-11 and the costs of the combustor control presented in Tables 6.2-3 and 
6.2-4. Total capital costs presented in Table 10.4-3 for moderate access 
and congestion were estimated from those presented in Section 6.2 for high 
access and congestion. Direct capital costs for the model plant were 
estimated by multiplying the direct capital costs presented in Section 6.2 
and the ratio of the access and congestion factors. 
contingency costs were estimated from the direct capital costs appropriate 
multipliers. 
month were prorated from those presented in Table 6.2-11 based on facility 
downtimes. 

Overall, both capital and annualized costs in Table 10.4-3 are higher 
for higher levels of control. 
baseline, no costs are presented for Options 1 to 3. 
5 are the same as well as the costs of Options 6 and 7. 
annualized costs for the most expensive option (Options 6 or 7) are 
$14,100,000 and $4,700,000, respectively . 
10.4.3 Enerav ImDactt 

the control options for the model plant described in this section. 
spray dryer with fabric filter control options consume the most electricity 
(3,060 MWh/yr). 
expected for the control options. The incremental electrical and auxiliary 
fuel consumptions from baseline in Table 10.4-4 are the same as those for 
the model plant in Section 6.2. 

Indirect and - 
Similarly, downtime costs presented in Table 10.3-3 for one 

Since best PM control is achieved at 
Costs of Options 4 and 

Total capital and 

Table 10.4-4 presents a summary of the energy impacts associated with 
The 

No increase in auxiliary fuel use beyond baseline is 
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TABLE 10.4-4. PLANT TOTAL ENERGY IMPACTS FOR CONTROL OPTIONSa 

Option 

0 0 

0 0 

0 0 

615 0 

615 0 

4,150b 0 

4,150b 0 

aIncremenatal use f r o m  base1 ine .  

bExcludes t h e  e l e c t r i c a l .  c r e d i t  o f  n o t  operat ing the E S P ' s  
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10.5 ROTARY WATERWALL COMBUSTOR 
The model p l a n t  descr ibed i n  t h i s  sec t ion  represents p ro jec ted  r o t a r y  

waterwall  p lan ts  which w i l l  commence cons t ruc t ion  by November 1989 and w i l l  
be subject  t o  t h e  Sect ion lll(d) gu ide l ines  r a t h e r  than t o  the proposed 
NSPS. The model p l a n t  i s  the same as t h e  one descr ibed, in  Sect ion 9.1 
except t h a t  basel i n e  f o r  t h e  model inc ludes good combustion p r a c t i c e s  
whereas the model p l a n t  discussed i n  Sect ion 9.1 does not .  
summarizes t h e  combustion, temperature, p a r t i c u l a t e ,  and a c i d  gas c o n t r o l  
technologies t h a t  were combined f o r  each o f  t h e  c o n t r o l  opt ions described i n  
Sect ion 3.0. As w i t h  t h e  model p l a n t  descr ibed i n  Sect ion 9.1, the model 
p l a n t  al ready achieves good PM c o n t r o l  a t  basel ine; Option 1 and 2 are 
i d e n t i c a l .  

The environmental performances, costs,  and energy impacts f o r  base l ine  
and t h e  c o n t r o l  opt ions were adjusted f o r  those presented i n  Sect ion 9.1 t o  
r e f l e c t  t h e  changes i n  basel ine.  
presented i n  t h e  f o l l o w i n g  three sect ions.  
10.5.1 Environmental Performance 

each c o n t r o l  opt ion.  Because o f  the changes i n  basel ine, basel ine emissions 
are equiva lent  t o  those presented under Control  Options 1 t o  2. 
Furthermore, CDD/CDF emissions f o r  Options 4 and 5 are 75 present lower than 
those o f  basel ine,  and CDD/CDF emissions f o r  Option 6 and 7 are 99 percent 
lower than basel ine.  
t o  those o f  basel ine.  The respect ive emission r a t e s  and emission reduct ions 
from basel ine o f  t h e  o ther  p o l l u t a n t s  (PM, SO2, and HC1) remains unchanged 
from those presented i n  Sect ion 9.1. S i m i l a r l y ,  t o t a l  s o l i d  waste disposal  
r a t e s  o f  t h e  c o n t r o l  opt ions a lso  remain unchanged. Because t h e  model p l a n t  
uses good combustion prac t ices  whereas t h e  model p l a n t  descr ibed i n  Sect ion 
6.1 does not,  basel ine emissions o f  CDD/CDF i n  Table 10.5-2 are 80 percent 
lower than those presented a t  basel ine f o r  t h e  r o t a r y  waterwal l  model p l a n t  

i n  Sect ion 9.1. 
10.5.2 Costs 

The t o t a l  c a p i t a l  and annualized costs  f o r  each opt ions are presented 
i n  Table 10.5-3 f o r  t h e  model p l a n t  descr ibed i n  t h i s  sect ion.  

f o r  t h e  c o n t r o l  opt ions t h a t  inc lude good combustion p r a c t i c e s  (Options 2 ,  

Table 10.5-1 

A summary o f  these impacts and costs  are - 

Table 10.5-2 summarizes the environmental performances o f  basel i n e  and 

CO emissions f o r  t h e  c o n t r o l  opt ions are equiva lent  

The cos ts  
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3, 5 and 7 )  were estimated as the difference between the costs presented in 
Tables 9.1-14 and the costs of the combustor presented in Table 9.1-4 and 
9.1-5. 

Overall, both capital and annualized costs in Table 10.5-3 are higher 
for higher levels for control. Since good PM control i s  achieved at 
baseline, no costs are presented for Options 1 and 2. 
and 5 are the same as well as the costs of Options 6 and 7. 
and annualized costs for the most expensive option (Options 6 or 7) are 
S10,600,000 and $3,490,000, respectively. 
10.5.3 Enerav ImDacts 

the control options for the model plant described in this section. The 
spray dryer with fabric filter control options consume the most electricity 
(2,050 MWh/yr). 
expected for the control options. The incremental electrical and auxiliary - 
fuel consumptions from baseline in Table 10.5-4 are the same as those for 
the model plant in Section 9.1. 

Costs of Options 4 
Total capital 

Table 10.5-4 presents a summary of the energy impacts associated with 

No increase in auxiliary fuel use beyond baseline is 
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TABLE 10.5-4.  PLANT TOTAL ENERGY IMPACTS FOR CONT,ROL OPTIONSa 

Option 

0 

0 

102 

672 

- 672 0 

2,520b 0 

2 ,  520b 0 

aIncrease from base1 ine  consumption. 

bExcludes the  e l e c t r i c a l  c r e d i t  o f  n o t  operating the ESP's. 
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