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1. EXECUTIVE SUMMARY 

The p o t e n t i a l  energy value o f  municipal s o l i d  waste i n  power 

genera t ion  is y e t  t o  be realized. It is estimated tha t  150 mi l l i on  tons  

o f  municipal s o l i d  waste ( M S W )  were generated i n  1981. P ro jec t ions  f o r  

1990 estimate 184 mi l l i on  tons  w i l l  be produced. I n  1981, 3 t o  4% of  

the  M S W  was processed i n  some form o f  resource recovery system inc lud ing  

energy recovery. O f  the  fou r  types  o f  M S W  d i sposa l  a c t i v i t i e s  ( resource  

recovery,  source sepa ra t ion ,  mass i n c i n e r a t i o n  without energy recovery 

and l a n d f i l l i n g )  only resource  recovery ' s  share o f  d i sposa l  a c t i v i t i e s  

is pro jec ted  t o  inc rease  from the  1981 f i g u r e  o f  3 o r  4% t o  1990 

estimates o f  13 t o  20% o r  25 t o  37 mi l l i on  t o n d y e a r .  

These 1990 estimates were made from a survey o f  e x i s t i n g  and 

planned resource  recovery fac i l i t i es  which included energy recovery by: 

1 )  co - f i r ing  refuse-derived f u e l  w i t h  c o a l  o r  o i l ,  2) f i r i n g  a 

refuse-derived f u e l  a lone ,  3 )  mass i n c i n e r a t i o n  i n  large waterwall 

b o i l e r s  and 4 )  mass i n c i n e r a t i o n  i n  modular combustion u n i t s .  

T h i s  survey showed t h a t  by 1990 as high a s  13,000 TPD o f  M S W  w i l l  

be processed f o r  use i n  new co - f i r ing  f a c i l i t i e s  as well as 13,000 TPD 

i n  fac i l i t i es  r e t r o f i t t e d  f o r  co- f i r ing .  The energy p o t e n t i a l  o f  13,000 

TPD o f  M S W  is about 0.03 Quads and conve r t ib l e  t o  0.4 GW(e)/yr. 

Six faci l i t ies ,  r ep resen t ing  t h e  scope o f  d i f f e r e n t  co - f i r ing  

techniques wi th  t h e i r  a s soc ia t ed  RDF production systems were reviewed i n  

de t a i l  f o r  combustion equipment, f i r i n g  modes, emission c o n t r o l  systems, 

r e s idue  handl ing/d isposa l ,  and e f f l u e n t  wastewater treatment.  These 

f a c i l i t i e s  encompass a l l  c u r r e n t l y  ope ra t iona l  o r  soon t o  be ope ra t iona l  

co - f i r ing  p l a n t s  and a s soc ia t ed  RDF production sytems. They are loca ted  

- 1 -  



k 
i n  Ames, Iowa; Rochester, New York; Columbus, Ohio; Madison, Wisconsin; 

Niagara F a l l s ,  New York; and Lakeland, Flor ida.  The la t te r  four  s i tes  

have been modeled f o r  a i r  d ispers ion  of  s t a c k  po l lu t an t s  using the  

Climatological Dispersion Model (DCMQC). 

Occupational hea l th  and s a f e t y  r i s k s  f o r  t hese  coal/RDF co- f i r ing  

p l an t s  were evaluated on the  basis of fa ta l  and nonfa t a l  acc idents  and 

disease a r i s i n g  from t h e  r e spec t ive  f u e l  cyc le s ,  coa l  and RDF. Data on 

the  coa l  cyc le  was obtained from r e p o r t s  o f  the  BEAD program a t  

Brookhaven National Lab. I n  the  case of  t he  RDF f u e l  cyc le ,  acc ident  

data on the  municipal s o l i d  waste c o l l e c t i o n  system was a v a i l a b l e  from 

EPA s tud ie s .  Data on fa ta l  and nonfa ta l  acc ident  rates i n  the  

processing of MSW to RDF w a s  not a v a i l a b l e ,  so a sur roga te  indus t ry  

(SIC2649, BLS) was selected. Occupational r i s k s  from the  two f u e l  

cyc le s  were tabula ted  on the  basis of  t h e i r  r e spec t ive  energy 

con t r ibu t ions ,  80% coa l  20% RDF per  GW(e)/yr. 

Occupational r i s k s  include exposure t o  pathogenic organisms i n  the  

workplace. While the re  is still a pauci ty  of  data on what c o n s t i t u t e s  

an i n f e c t i o u s  dose of  the more common pathogens i n  the  workplace, a 

review of r epor t s  on workers exposed t o  an array of p o t e n t i a l  pathogens 

i n  d i f f e r e n t  occupations is presented. The degree of r i s k  i n  t h i s  

environment is as y e t  not clear. 

Unusual events  t ha t  are l i f e  threa ten ing  i n  the  RDF processing 

indus t ry  (e.g., explosions)  are also discussed and remedial and safety 

measures reviewed. 

Assessment of  hea l th  and environmental impacts o f  these s i x  

co- f i r ing  opera t ions  has  l e d  t o  the  following conclusions: 

Y 

r 

C 

r-- 

c 
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1. Replacement of  coa l  BTUs with RDF BTUs u s ing  1990 p ro jec t ions  f o r  

co - f i r ing  i n s t a l l a t i o n s  may reduce s u l f u r  oxide emissions by as 

much as 110,000 tons  per year compared t o  t o t a l  U.S. emissions of 

30 mi l l i on  ton.  Typical urban ambient s u l f a t e  concent ra t ions  of 

25-50 u g h  3 could be reduced 0.2-0.3 ug/m3. Ext rapola t ion  of  

epidemiological data, which i n d i c a t e s  3.5 deaths/ lo5 persons per  

1 W/m3 o f  s u l f a t e  a e r o s o l ,  sugges ts  t h e  maximal effect  of  RDF 

combustion could r e s u l t  i n  one less dea th  per lo5 persons i n  

urban areas. 

2. Replacement of coa l  BTUs w i t h  RDF us ing  1990 p r o j e c t i o n s  may 

inc rease  To ta l  Suspended P a r t i c u l a t e  (TSP) emissions from 4,000 

t o  48,000 tons  per year .  Th i s  r ep resen t s  less  than 0.4% of  TSP 

emissions n a t i o n a l l y  from a l l  sources.  Lack of adequate 

chemical/physical c h a r a c t e r i z a t i o n  of  t h i s  incremental  TSP from 

RDF makes it impossible t o  assess the  o v e r a l l  impact  on pub l i c  

hea l th .  

3. Estimates of  n i t rogen  oxide emissions f o r  1990 co- f i r ing  

p ro jec t ions  show a decrease of  2700 t o  4800 tons/year.  This 

r ep resen t s  such a small change i n  the  n a t i o n a l  NOx emission 

budget (0-0.01 t o  0.02%) that i ts  effect  is considered 

i n s i g n i f i c a n t  from a pub l i c  h e a l t h  s tandpoin t .  

P a r t i c u l a t e  trace element emissions are t abu la t ed  from a v a i l a b l e  

data on the  Ames, Iowa and St .  Louis, Missouri  RDF combustion 

fac i l i t i es ,  which inc lude  both mechanical c o l l e c t o r s  and 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 .  Atmospheric d i l u t i o n s  t o  maximum recep to r  s i tes  obtained 

from t h e  CDMQC model and a crude screening  model are used t o  compare 



expected ambient levels to TLVs and AMEGs. The highest expected ground 

concentrations of all toxic trace elements measured are well below AMEG 

values. 

Benzo(a)pyrene is examined on the basis of hypothetical emissions 

expected from stoker fired coal boilers and subjected to air model 

dilutions. Conservative estimates show B(a)P contributing less than 

one-tenth of one percent to urban air levels. 

General knowledge about the chemical characterization and 

quantitative emissions of organic compounds formed and released under 

different combustion conditions is still very limited, however, a review 

of the organic compounds identified in fly ash or stack emissions is 

presented. 

Problems associated with ash and wastewater disposal from RDF/coal 

plants were not seen to differ qualitatively in toxic metals or organic 

compounds from coal burning plants and their environmental impacts are 

expected to be similar. 

a 
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2. INTRODUCTION 

MUNICIPAL SOLID WASTE ( M S W )  DISPOSAL 

Factors Affecting Changes in MSW Disposal 

Municipal solid waste (MSW) disposal practices in the United States 

have changed significantly during the past two decades. Among the 

factors that have contributed to this change are the increasing 

environmental awareness of the general public, the intensifying 

competition for land use, the escalation of energy and material 

resources costs, the emergence of strong residential opposition to the 

siting of landfills, and the enactment of stringent land disposal and 

air pollution regulations. Two acts of Congress that significantly 

affected MSW disposal practices in the past decade are the Clean Air Act 

of 1970 and the 1976 Resource Conservation and Recovery Act (RCRA). The 

Clean Air Act, and similar state regulations, brought about the closing 

of about 50% of the uncontrolled-air incinerators in the U.S. by the 

mid-1970's due to the reluctance of the facility owners to add air 

pollution control equipment. Development of controlled-air 

incineration, enhancement of emission control devices, and the addition 

of energy recovery systems replaced many of the closed facilities and 

created new markets for solid waste incinerators. RCRA, local 

opposition to landfill sitings, and land use competion were responsibile 

for the closing of some landfills, operational changes at others, and 

detailed design and siting requirements for proposed sites. 

- 5 -  



- MSW Q u a n t i t i e s  and Compositions 

Q u a n t i t i e s  

The quant i ty  of  MSW generated i n  the  U.S. cannot be determined 

exact ly .  Estimates of the  MSW quan t i ty  have been noted t o  be accura te  

t o  wi th in  25% (1 ) .  I n  a 1978 EPA publ ica t ion ,  the 1975 M S W  quan t i ty  was 

estimated as  172.8 mi l l ion  tons  (11, whereas the  Council on 

Environmental Q u a l i t y  (CEQ) reported t h e  1978 M S W  quan t i ty  as 154 

mi l l ion  tons ,  r e f l e c t i n g  a 1% annual growth f o r  t he  1970-1978 period 

(2) .  I n  a recent  EPA conference r epor t  t he  1980 M S W  quan t i ty  was 

indica ted  t o  be i n  the  range of 130-150 mi l l ion  tons  ( 3 ) .  For the  

purpose of t h i s  r epor t ,  t he  quan t i ty  o f  M S W  generated i n  1980 was 

assumed as 150 mi l l ion  tons. Based on a population of 220 mi l l i on ,  t h i s  

quan t i ty  reduces t o  1364 lbs/person/ year  or  3.74 lbs/person/day. 

The quan t i ty  of MSW generated i n  1990 was assumed as approximately 

184 mi l l ion  tons.  T h i s  quan t i ty  is based on 1364 lbs/person/year ,  the  

U.S. Bureau of Census Series I1 population p ro jec t ion  of  244 mi l l ion  f o r  

1990, and a 1% annual growth rate of M S W  generated per  capita per  year.  

Composition 

Factors  a f f e c t i n g  MSW composition include season of  the year, 

geographic loca t ion ,  population characteristics, and degree of 

urbanizat ion.  Table 1 shows the  t y p i c a l  M S W  composition. It is not  

poss ib le  t o  a s s ign  such a composition t o  any p a r t i c u l a r  community, s ince  

M S W  composition can vary considerably among communities and wi th in  a 

community, among seasons. For t he  purposes of  t h i s  s tudy,  the  1990 M S W  

compositions were assumed t o  not  vary s i g n i f i c a n t l y  from the M S W  

compositions of  t he  1970's. 
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TABLE 1 

Composition of Municipal Solid Waste ( 1 )  

Material Content (% by weight) 

Food wastes 
Garden trimmings 
Paper products 
Plastics, rubber, and leather 
Textiles 
Wood 
Metals 
Glass and ceramics 
Ash, rock, and dirt 

17 
10 
40 
6 
2 
4 

10' 
10 
1 

~~ 

* 9% ferrous, 1% nonferrous 
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- MSW Disposal Techniques 

Four major M S W  handl ing/disposal  techniques are u t i l i t z e d  i n  the  

United States. They are: (i) recycl ing  through source separa t ion  

programs; (ii) resource recovery (materials and/or energy) through 

mechanical, thermal and/or b io log ica l  processes; (iii) volume 

reduct ion through inc ine ra t ion  without energy recovery; and, ( i v )  

l a n d f i l l i n g  of  bulk,  shredded, o r  baled MSW. These techniques are not 

necessa r i ly  mutually exclusive.  Resource recovery and volume reduct ion 

inc ine ra t ion  t y p i c a l l y  r equ i r e  l a n d f i l l  d i sposa l  of res idues.  Table 2 

shows the  amount of  MSW disposed by these four  techniques i n  1981 and 

p ro jec t ions  f o r  1990. 

Recycling through source separa t ion  programs has been estimated t o  

reduce the MSW mass by 8% o r  12.0 mi l l ion  tons  i n  1980 (4). The four  

main source separa t ion  methods are: commercial paper recyc l ing  

programs, recyc l ing  cen te r s ,  buyback programs, and curbside c o l l e c t i o n  

programs ( 5 1 

Through commercial paper recyc l ing  programs, high-grade ledger, 

computer paper, and corrugated boxes a r e  co l l ec t ed  from government 

o f f i c e s  and commercial es tabl ishments .  Off ice  recyc l ing  programs can 

reduce o f f i c e  s o l i d  waste up t o  40%. 

Recycling cen te r s ,  which started t o  emerge a f t e r  Earth Day 1970, 

make up a very d ive r se  group of  o f t en  s h o r t  l i ved  fac i l i t i es  t h a t  

c o l l e c t  paper ,  glass,  and metal cans. A recent  EPA study r e p o r t s  t h a t  

t he re  are now more than 2000 recyc l ing  cen te r s  i n  the U.S. (6). These 

cen te r s  usua l ly  reduce the MSW stream of a community by 2-35, but 

occasional ly  d i v e r t  up t o  30% of  t he  M S W  stream (4). 
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TABLE 2 

Present  (1981) and Projected (1990) M S W  Disposal Practices 

Mil l ion Tons Disposed 
( %  of Total)  

Disposal 
Technique 1981 1990 

Source 
Separat ion 

Resource 
Recovery 

Volume Reduction 
Inc ine ra t ion  

L a n d f i l l s  

Totals 

12.0 
(8%) 

4.2 - 6.2 
(2.8% - 4-15]  

12.0 
(8%) 

121.8 - 119.8 
(81.2% - 79.9%) 

14.7 
(8%) 

9.2 
(5%) 

150.0 
(100%) 

184.0 
(100%) 
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Buyback programs involve the  buyback of  paper and/or aluminum cans 

by l o c a l  dealers. Approximately 25% of  a l l  aluminum cans are recycled 

through buyback program.  Subs t i t u t ion  of  recycled aluminum cans f o r  

bauxi te  reduces the  amount of  energy necessary f o r  production of  new 

aluminum cans by 95% (4 ) .  

Curbside c o l l e c t i o n  programs are more l i k e l y  t o  rece ive  greater 

publ ic  p a r t i c i p a t i o n  than o the r  recyc l ing  programs because the  only 

requirement of c i t i z e n s  is t h a t  they place recyc lab les  a t  the  curbside.  

A good curbside c o l l e c t i o n  program can d i v e r t  10-155 of t he  M S W  stream. 

Present ly  there e x i s t  about 230 such programs serv ing  280 communities, 

whereas i n  1970 only 2 such programs were i n  operat ion (5). 

It is extremely d i f f i c u l t  to  project growth of recyc l ing  through 

source separa t ion  t o  1990 due t o  uncer ta in ty  of markets, s t a b i l i t y  of  

economic t r ends ,  and the  s h o r t  6-12 month lead time f o r  most source 

separa t ion  ,programs. For the  present  s tudy,  we assumed t h a t  source 

separa t ion  recyc l ing  would d i v e r t  8% of the 1990 MSW stream, o r  14.7 

mi l l ion  tons (Table 2 ) .  Th i s  represents  a 2.7 mi l l ion  tons  increase  

from 12.0 mi l l ion  tons  of 1981 o r  about 22% f o r  the  9 year period. 

According t o  a recent  EPA survey, resource recovery f a c i l i t i e s  

present ly  opera t ing ,  suspended o r  under cons t ruc t ion  are l i s t e d  i n  Table  

3 (5 ) .  Operations have been suspended a t  seve ra l  fac i l i t i es .  A summary 

of  fac i l i t i es  opera t ing ,  suspended, o r  i n  shakedown, according t o  

technology type,  is  presented i n  Table 4 . A t o t a l  of  38 f a c i l i t i e s  are 

present ly  operat ing and an add i t iona l  12 f a c i l i t i e s  have suspended 

operat ions.  Three modular combustion u n i t  (MCU) fac i l i t i es  have 

suspended operat ions;  the  f a c i l i t y  a t  B ly thev i l l e ,  AR is p resen t ly  

P 
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undergoing modi f ica t ions ,  whereas t h e  u n i t  a t  Siloam Spr ings ,  AR has 

closed permanently. Genesee Township, M I  is seeking a steam market f o r  

t he i r  u n i t .  Nine RDF f a c i l i t i e s  have suspended opera t ions .  Four of  

these f a c i l i t i e s  ( i n  Chicago, I L ;  Duluth, MN; Akron, OH; and Lane 

County, OR) are closed f o r  assessment of  t e c h n i c a l  problems and 

modification of  equipment. Three fac i l i t i es  (East Bridgewater, MA; 

Tacoma, WA; and Milwaukee, W I )  are closed due t o  lack of  RDF markets. 

The Bridgeport ,  CT f a c i l i t y  closed after a pa r tne r  i n  the  venture  f i l e d  

f o r  bankruptcy. The wet pulping f a c i l i t y  a t  Hempstead, NY was closed 

because of  con t r ac tua l  problems and c i t i z e n  concern over stack 

emissions. 

The t o t a l  design c a p a c i t i e s  o f  the  resource  recovery fac i l i t i es  now 

ope ra t ing  is 18,968 t o n s  per day (TPD) (Table  4) .  The t o t a l  des ign  

capac i ty  o f  a l l  t h e  f ac i l i t i e s  i n  ope ra t ion ,  shakedown, o r  suspended 

stage is 28,215 TPD (Table 4). The yea r ly  tonnage of  MSW disposed 

through resource recovery f a c i l i t i e s ,  f o r  a capac i ty  f a c t o r  of 60%, is 

l i s t e d  i n  Table 2 as a range o f  4.2 t o  6.2 mi l l i on  tons ,  r ep resen t ing  

2.8% t o  4.1% of t h e  t o t a l  150 mi l l i on  tons  i n  1981. 

P ro jec t ions  on t h e  con t r ibu t ion  t o  M S W  d i sposa l  v i a  resource  

recovery fac i l i t i es  i n  1990 is f i l l e d  wi th  u n c e r t a i n t i e s .  A r ecen t  

nationwide survey o f  communities t h a t  have inves t iga t ed  o r  have begun 

planning a resource  recovery f a c i l i t y  is summarized i n  Table 5 (5) .  I n  

t h e  eva lua t ion  of the planning and cons t ruc t ion  process of  a f a c i l i t y ,  

f i v e  stages have been i d e n t i f i e d .  Phase 0, is an  i n i t i a l  s tudy  t o  

determine i f  l o c a l  condi t ions  preclude cons idera t ion  o f  resource  

recovery; Phase I ,  involves  a f e a s i b i l i t y  a n a l y s i s ;  Phase I1 is a 
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TABLE 3 

Listing of Resource Recovery Fac i l i t i e s  

Year Design Technology Operation Status 
>tate City or County Started Capacity Type April 1, 1981 Comments 

FL Lakeland 1981 

IA Ames 1975 

NY Monroe County 1979 

NY Niagra Falls 1981 

OH Columbus 1981 

YI Madison 1979 

CT Bridgeport 1980 

300 TPD 

200 TPD 

2000 TPD 

2200 TPD 

2000 TPD 

400 TPD 

1800 TPD 

RDF-Fluf f Shakedown 10s RDF/90$ coal 

RDF-Fluff Operating 10s RDF/90$ coal, processing 
150 TPD 

RDF-Fluff Operating/shakedown Processing 500 TPD currently, 
1/2 of RDF produced is land- 
filled 

RDF-Fluf f Shakedon/ RDF primary fuel 

RDF-Fluf f Shakedown 801 RDF/ZO$ coal 

10s RDF/90$ coal RDF-Fluff Operating 

RDF-Powdered Suspended 

IL Chicago 

LA New O r l e a n s  

1977 1000 TPD RDF-Fluff Suspended 

1978 750 TPD RDF-Fluff Operating 

W Baltimore County 1976 1200 TPD RDF-Fluff Operating 
or pellets 

MA East Bridgewater 1977 

13N Duluth 

NY Albany 

360 TPD RDF-Fluff Suspended 

1980 1400 TPD RDF-Fluff Suspended 
co-disposal 

1980 750 TPD RDP-Fluff Shakedown 

- 12 - 

RDF intended as supplemental 
fuel for off-site investor 
owned steam/electric 
generating station, suspended 
due to bankruptcy of partner 

RDF intended as supplemental 
fuel for off-site steam/ 
electric generating station 

RDF presently landfilled, 
facility designed for 
materials recovery, presently 
seeking RDF market 

Most RDF is landfilled, some 
used for test burning in off- 
site steam/electric generating 
stations. Presently seeking 
RDF market 

RDF (ECO-Fuel 11) originally 
for industrial boilers, closed 
due to lack of RDF market, at- 
tempting to market briquettes 
for home fuel 

Fluidized bed incineration of 
RDF and sludge, suspended for 
modification 

RDF to be burned in dedicated 
boiler for steam generation 

P 



3 
3 
4 
7 

Table 3 . (continued) 

Year Design Technology Operation Status 
State City or County Started Capacity Type April 1, 1981 Comments 

RDF- 
wet pulping 

RDF 

RDF-Fluff 

RDF-Fluff 

RDF-Fluff 

Suspended 

Suspended 

Suspended 

Suspended 

Suspended 

Primary fuel for on-site 
steam/electric generation, 
closed due to contratual 
dispute and citizens concern 
over stack emissions 

NY Hempstead 1978 2000 TPD 

. "  

7 

OH 

OR 

WA 

YI 

DL 

FL 

M I  

V A  

IL 

MA 

MA 

NY 

NY 

Akron 1980 1000 TPD Under modification, dedicated 
boiler, steam for heating and 
cooiing 

7 1979 500 TPD 

1979 500 TPD 

Under modification, RDF market 
not determined 

Lane County 

Tacoma Suspended due to lack of RDF 
market, densification of RDF 
being investigated 

Suspended due to slugging 
problems in utility boiler 
when used as supplemental 
fuel, seeking other RDF 
markets, considering dedicated 
boiler 

Milwaukee 1979 500 TPD 

Uilmington 

Dade County 

I 982 1000 TPD RDF-Fluff Construction 
co-disposal 

Burning in dedicated boiler 
for steam generation 

3750 TPD RDF- Construction 1981 
wet gulping 

RDF to be burned in dedicated 
boiler for steam/electric 
generation 

R 1984 3000 TPD RDF-Fluff Construction RDF to be burned in dedicated 
boilers for steam and/or 
electric generation 

De t r o  i t 

r-7 1986 2000 TPD RDF-Fluff Construction Portsmouth RDF to be burned on-site as 
primary fuel for stead 
electric generation, expected 
mix is 97s RDF and 3s coal 

1600 TPD 

384 TPD 

1500 TPD 

1200 TPD 

750 TPD 

hss burn 

Uass burn 

bss burn 

hss burn 

hss burn 

Operating 

Operating 

Operating 

Operating 

Operating 

Chicago (NU) 1971 

Braintree 1971 

saugus 1975 

New York (Betts Ave.) 1965 

Oceanside 1974 Processing 500 TPD currently 



Table 3 . (continued) 

i 

Year Design Technology Operation Status 
State City or County Started Capacity Type April 1, 1981 Conmen t s 

PA Harrisburg 1972 720 TPD Mass burn Operating 

TN Nashville 1974 530 TPD Mass burn Operating 

VA Hampton 1980 200 TPD Mass burn Operating 

VA Norfolk 1967 366 TPD Mass burn Operating 

VA Portsmouth 1976 160 TPD Mass burn Operating 

HI Waukesha 1979 175 TPD Mass burn Operating 

FL Pinellas County 1983 2000 TPD Mass burn Construction 

s 
L 

e 
MA North Andovar 1985 1500 TPD Mass burn Construction 

NY Clen Cove 1982 225 TPD Mass burn Construction 

HY Uestchester County 1984 1500 TPD Mass burn Construction 
+- 

TN Callatin 1981 200 TPD Mass burn Construction 

VT Burlington 1983 120 TPD Mass burn Construction 

AR Blytheville 1981 70 TPD MCU Suspended 

AR North Little Rock 1977 100 TPD MCU Operating 

A R  Osceola 1980 50 TPD MCU Operating 

AR Siloam Springs 1975 17 TPD MCU Closed 

PL Jacksonville 1980 72 TPD HCU Operating 

E'L Mayport 1980 50 TPD MCU Operating 

ME Auburn 1981 100 TPD MCU Operating 

MA Pittsfleld 1981 240 TPD M C U  Operating 

1980 100 TPD MCU Suspended HI Genesee Tomship 

1980 108 TPD MCU Operating NH Durham 
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Table 3 . (continued) P 

P 

P 

3 

I 

d 
3 
3 
s 

Year Design Technology Operation Status 
State City or County Started Capacity Type April 1, 1981 Comments 

NH Groveton 

TN Crossville 

TN Dyersburg 

TN Leuisburg 

VA Newport News 

VA Salem 

WI Craf'ton 

AL Prudhoe Bay 

A R  Batesville 

CT Windham 

ID Heyburn 

KY Fort Knox 

MN Collegeville 

MN Redwing 

HO Ft. Leonard Uood 

NH Portsmouth 

TX Catesville 

TX Palestine 

FL Key West 

PA Altoona 

RI Providence 

FL Dade County 

FL Pompano Beach 

FL Orange County 

1975 

1977 

1980 

1980 

1981 

1978 

1970 

1981 

1981 

1981 

1981 

1982 

1981 

1982 

1982 

1982 

1981 

1981 

1980 

1963 

1981 

1978 

1982 

24 TPD 

60 TPD 

100 TPD 

60 TPD 

40 TPD 

100 TPD 

24 TPD 

100 TPD 

50 TPD 

108 TPD 

50 TPD 

40 TPD 

64 TPD 

72 TPD 

82 TPD 

200 TPD 

5 TPD 

20 TPD 

80 TPD 

25 TPD 

250 TPD 

400 TPD 

100 TPD 

100 TPD 

HCU 

HCU 

HCU 

HCU 

MCU 

HCU 

HCU 

HCU 

HCU 

HCU 

HCU 

HCU 

HCU 

MCU 

WCU 

HCU 

ncu 

HCU 

Conposting 

Conposting 

Conposting 

Conposting 

Anaerobic 

Pyrolysis 

Operating 

Operating 

Operating 

Operating 

Operating 

Operating 

Operating 

Construction 

Construction 

Construction 

Construction 

Construction 

Construc tion 

Construc tion 

Construct ion 

Construc tion 

Construction 

Construct ion 

Construction 

Operating 

operating 

Shakedown 

Operating 
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procurement planning stage, including development of markets, s i tes ,  

waste supply, preferred procurement and f inancing approaches; Phase 

111, procurement s t age  inc luding  cont rac t ing  f o r  waste supply,  markets, 

cons t ruc t ion ,  and opera t ion ;  and Phase I V ,  the  a c t u a l  cons t ruc t ion  

phase. 

Cer ta in ty  f a c t o r s  have been app l i ed  t o  the summary statist ics f o r  

each phase, as l i s t e d  i n  Table  5 . If a l l  communities present ly  

involved i n  the planning, cons t ruc t ion ,  o r  operat ion of a resource 

recovery f a c i l i t y  indeed have an opera t ing  f a c i l i t y  by 1990, there w i l l  

be 245 facilities with design capacities t o t a l l i n g  170,516 TPD. I f  the  

c e r t a i n t y  f a c t o r s  shown i n  Table 5 are a p p l i e d ,  there w i l l  be 155 

fac i l i t i es  t o t a l l i n g  113,543 TPD design capaci ty .  By applying an 

operat ing f a c t o r  of 60% a range of  MSW tonnage disposed through resource 

recovery was ca lcu la ted  as 24.9 t o  37.2 mi l l ion  tons ,  represent ing  13.5% 

t o  20.246 of t h e  t o t a l  184.0 mi l l i on  tons  (Table 2). 

The amount of  MSW disposed through inc ine ra t ion ,  f o r  t he  purpose of 

volume reduct ion , without energy recovery,  was estimated t o  be 17.3 

mi l l ion  tons  i n  1975 and projected t o  be 10.0 mi l l ion  tons  i n  1990 ( 1 ) .  

For the  purpose of t h i s  r e p o r t ,  the amount of volume reduct ion 

inc ine ra t ion  was assumed as 12.0 mi l l ion  tons  f o r  1981 and 9.2 mi l l ion  

tons  fo r  1990, represent ing  8 and 5% of t h e  t o t a l  MSW, respec t ive ly  

(Table  2). 

As shown i n  Table 2 near ly  80% of M S W  was l a n d f i l l e d  i n  1981, 

whereas i t  is  expected t h a t  about 70% of MSW w i l l  be l a n d f i l l e d  i n  1990. 
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TABLE 4 

Present Resource Recovery Facilities 

Technology Operating Operating Suspended 
Type Shakedown, or 

or Shakedown 
Suspended 

Anaerobic 
Digestion 

100 * 
( 1 )  ** 

100 
(1 )  

Composting 355 
( 3 )  

355 
(3) 

7,585 
(11) 

Mass 
Incineration 

7,585 
(11) 

1,128 
(14) 

187 
(3) 

Modular 

Units 
Combustion 

18,860 
(18) 

9,800 
(9 )  

9,060 
( 9 )  

Refuse 
Derived 
Fuels 

1 8 3 3 -  
(38) 

28,215 TPD 
(50) 

9,247 TPD 
(12) 

* Design Capacity, TPD 
** # of Sites 
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TABLE 5 

Summary of EPA Survey of Communities Involved in Planning, Constructing, 
or Operating Resource Recovery Facilities (5) 

-- 
0 I I1 I11 IV Total Shakedown Total 

Technology (Study of ( F e a s i b i l i t y  (Procurement (Procurement) (Construction) (O-Iv) Operating 
Type Conditions) Analysis) Planning) Suspended 

101 331 752 952 951 

Anaerobic 

Digest ion 

Composting 

F1-idized 
Bed 

Combust ion 

uass 

Incineration 

Modular 
Combustion 

Units 

Pyrolysis  

Refuse 
Derived 

Fuels 

Undecided 

4,050 
405 
((0 

1,960 
196 

(11) 

100 
10 

(1)  

1,000 
100 
(1 )  

4,685 
469 

(13) 

22,075 
7,358 

(23) 

8,115 
2,705 
(20) 

9,330 
3,100 

(13) 

7,600 
2,533 

(11) 

(4) 

150 
112 
(1) 

25,800 
19,350 

(25) 

3 I 350 
2,512 

(13) 

6,600 
4,950 

(6)  

8,500 
6,375 

(6) 

12,350 
11,735 

(9) 

3,760 
3,572 
( 10) 

100 
95 

(1) 

5,400 
4,050 

(5) 

400 
380 
(1 )  

400 
380 
(1)  

150 
112 
(1)  

5,545 69,820 
5,268 44,113 

(6)  (67) 

79 1 17,976 
75 1 9,736 

(11) (65) 

200 
105 
(2) 

9,750 32,098 
9,262 21,412 
(4) (29) 

20,875 
9,390 

(30) 

Total 141,501 
85,308 

(195) 
(105) 

100 

(1 )  

355 

(3)  

7,585 

(11) 

1 315 

17) 

18,860 

(18) 

28,215 

(50) 

100 - 100 

(1)  

755 - 755 

(4)  (4) 

150 - 112 

( 1 )  (1)  

78,104 - 51,698 

(77) (52) 

19,374 - 11,051 

(81) (55) 

200 - 105 

(2)  (1) 

49,640 - 40,332 

(45) (31) 

20,875 - 9,390 

(30) (10) 

169,198 - 113,543 

(245) (155) 
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Scope of  This Study 

T h i s  s tudy  is designed t o  be t h e  first of a series o f  Health and 

Environmental Effects Documents focused on Municipal So l id  Waste (MSW) 

t o  energy technologies.  Although f u t u r e  r e p o r t s  w i l l  inc lude  such 

technologies  as mass i n c i n e r a t i o n ,  modular combustion u n i t s  ( M C U ' s )  , 
anaerobic d i g e s t i o n ,  and py ro lys i s ,  t h e  p re sen t  study was l i m i t e d  t o  the  

co - f i r ing  o f  r e f u s e  derived f u e l s  (RDF) and coa l .  F a c i l i t i e s  designed 

t o  use RDF as e i ther  a primary o r  a secondary fue l  were included. RDF 

co - f i r ing  technology was selected f o r  t h e  i n i t i a l  document because of 

i ts  present  popu la r i ty  and pro jec ted  f u t u r e  growth, and the  l i m i t e d ,  but 

expanding, data base on environmental emission and waste stream 

characteristics. 

Table  6 shows t h e  percentages,  based on des ign  capac i ty ,  of the  

present  and planned resource  recovery fac i l i t i es  f o r  the  major 

technology types. The refuse-derived f u e l s  technology p resen t ly  has the  

greatest  des ign  capac i ty  (one-half t o  two-thirds o f  t h e  t o t a l ) .  

According t o  the  p ro jec t ions  used i n  t h i s  r e p o r t ,  i n  1990 the  RDF 

technology w i l l  con t r ibu te  about one-third t o  t h e  t o t a l  design capac i ty  

of resource recovery fac i l i t i es ,  whereas mass i n c i n e r a t i o n  w i l l  

con t r ibu te  about 50%. Not a l l  RDF f ac i l l i t i e s  produce f u e l s  f o r  

co - f i r ing  with coal. Table  7 lists the  types ;  f l u f f ,  powdered, and 

f iber  (wet pulped) o f  RDF fac i l i t i es  p r e s e n t l y  i n  shakedown, ope ra t ion ,  

suspended, o r  under cons t ruc t ion .  RDF is gene ra l ly  co-fired with c o a l  

o r  burned a lone  i n  dedicated b o i l e r s .  Co-firing may take p lace  i n  o ld  

b o i l e r s  modified f o r  RDF burning, which are gene ra l ly  not  s u b j e c t  to  New 
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Source Performance Standards,  (NSPS) , o r  i n  r e l a t i v e l y  new b o i l e r s ,  

' subject t o  NSPS which may have been e i t h e r  designed t o  burn RDF o r  

Other types of  RDF f a c i l i t i e s  include co-disposal modified t o  burn RDF. 

i n  dedicated b o i l e r s ,  and f lu id i zed  bed furnaces.  

On the  basis of t he  mixture of  e x i s t i n g  RDF faci l i t ies ,  i t  was 

assumed tha t  of  t he  RDF fac i l i t i es  being planned, 25% w i l l  be co-fired 

i n  r e t r o f i t t e d  old b o i l e r s ,  25% w i l l  be co-fired i n  new boilers,  and 50% 

w i l l  be burned i n  dedicated bo i l e r s .  Also, 25% of the  fac i l i t i es  being 

planned, but  of  an undecided type,  were assumed t o  be RDF facil i t ies.  

As such, these fac i l i t i es  were portioned as the planned RDF type 

f a c i l i t i e s  (Table 7). The t o t a l  1990 design c a p a c i t i e s  i n  tons  pe r  day 

(TPD) f o r  RDF types  are a l s o  shown i n  Table 7 . It was assumed t h a t  by 

1990 t h e  design c a p a c i t i e s  of old,  co-fired boilers w i l l  be 9,400 t o  

12,800 TPD. The design c a p a c i t i e s  of new, co-f i red b o i l e r s  were assumed 

t o  be 10,000 t o  13,400 TPD. 

B 
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TABLE 6 

a Summary of Present  and Planned Resource Recovery F a c i l i t y  Types 

Technology Shakedown Shakedown, Planned 
Type or Operating, Operational 

Operating or 
Suspended 

1981 1981 1990 

Mass 
Inc ine ra t ion  40% 29% 45-465 

Modular 
Combustion 
Units 6% 5% 10-11% 

Refuse 
Derived 
Fuels  52% 67 % 36-30% 

Other 2% 1% 1- 1% 

Undecided 0% 0% 8-12% 

- 21 - 



TABLE 7 

Summary of Present  and Planned RDF F a c i l i t y  Types 

P Shakedown, 
Shakedown Operating, Planning Phases 

Operating Suspended RDF Undecided 
or or 

1981 1981 Construc t i o n  Type Type 
Total  
1990 

Fluff  2,600. 4,100 
Co-fired ( 3 ) -  (5) 

O l d  b o i l e r s  26%"' 23s 

Fluff  4,500 4,500 
Co-f ired (3) ( 3 )  

New bo i l e r s  46s 261 

--- 2,930-5,587 587-1,305 7,617-10,992 
( 2-6 1 (1-2) (8-13) 
255 25 1 181-20s 

2,000 2,930-5,587 587- 1 ,305 10,017-13,392 
(1) ( 2-6 ) (1-2) (7-12) 
211 251 251 231-24s 

Powdered --- 
Co-fired 

Old bo i l e r s  

1,800 
(1) 

41-31 

3 , 000 5,861-11,174 
( 1 )  (5-13) 
311 501 

Fluff 750 1,750 
Dedicated (1) (2) 

New bo i l e r s  8% 101 

Fiber  --- 2,000 

Uedicated 11s 
(wet puipedj (1) 

New bo i l e r s  

1,174-2,610 11,785-18,534 
(1-4) (9-20) 

501 281-332 

131-101 

Fluff  
Dedicated 

New bo i l e r s  
Co-disposal 

1,000 
( 1 )  

21-25 

Fluff  
Fluidized bed 

furnace 
Co-disposal 

1,400 
' (1) 

31-21 

2,950 
( 4 )  

71-51 

360 
(1) 

11-11 

Fluff  
No market 

1,950 2,950 
( 2 )  ( 4 )  
20s 171 

--- 

Powdered 
No market 

--- --e 

2 1  

Total  9,800 18,860 
( 9 )  (18) 

lOOO$ 1001 

9,750 11,722-22,348 2,348-5,219 42,6a0-56,177 
( 34-55 1 ( 3 - 8 )  ( 9-25 1 ( 4 )  

100s 1001 
. _  . 
100s 

.- --. 
100s u Design capaci ty ,  TPD 

** # of sites 
*** I oP t he  column t o t a l  
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RDF/COAL CO-FIRING TECHNOLOGY 

Historical 

The first large scale co - f i r ing  a c t i v i t y  was conducted a t  the  Union 

Electric Meremac S t a t i o n  powerplant i n  St .  Louis i n  1974 and 1975 (50).  

The f e a s i b i l i t y  of  co - f i r ing  on a large scale was demonstrated and t h e  

first data was obtained on s t a c k  emissions from both RDF/coal co - f i r ing  

and f i r i n g  c o a l  alone. The f l u f f  RDF was f i red  i n  a 125 MW pulver ized  

c o a l  u t i l i t y  b o i l e r  without a dump grate. A s i g n i f i c a n t  i n c r e a s e  i n  a sh  

flow r e s u l t e d  i f  a dump grate was not  i n s t a l l e d  when RDF was f i r e d  i n  a 

suspension f i r ed  b o i l e r .  

I n  1974, EPA supported a smaller scale t e s t  on a small, t r ave l ing -  

grate municipal b o i l e r  a t  Columbus, OH t o  gather b o i l e r  tube cor ros ion  

and environmental emissions data (8) .  Then, i n  1975, an RDF-fluff 

processing p l a n t  was b u i l t  i n  Ames, I A .  RDF was test f i red  i n  two small 

t r a v e l i n g  grate u n i t s .  EPA and ERDA supported a s tudy  t o  gather 

environmental emissions and b o i l e r  ope ra t iona l  data when f i r i n g  up t o  

50% RDF in these units (9). These tests were followed when EPA and ERDA 

supported tes t s  on t h e  35 MW suspension f i red u n i t  117 a t  Ames i n  1976, 

1977 and 1978, focusing on the  effect of b o i l e r  opera t ion  v a r i a b l e s  and 

the  impacts of  RDF on b o i l e r  e f f i c i e n c i e s  and emissions. The 

i n s t a l l a t i o n  of  a dump grate i n  1978 made co - f i r ing  feasible on a 

f u l l t i m e  basis ( l o ) ,  and f u r t h e r  refinment o f  f i r i n g  techniques made i t  

poss ib l e  t o  meet p a r t i c u l a t e  emission s t anda rds  while co - f i r ing  with 

RDF. I n  1980, 19,000 tons  of  RDF were f i red i n  u n i t  #7 a t  Ames. 
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Three other significant efforts at co-firing in larger suspension 

fired utility boilers have occurred since Ames' success. EPA supported 

the city of Chicago in building a 1000 TPD MSW to RDF processing plant 

for co-firing of its RDF in the Commonwealth Edison suspension fired 

boilers adjacent to the processing facility. Serious equipment problems 

in the RDF processing plant forced plant shutdown, and the city of 

Chicago has so far not chosen to invest the substantial additional 

capital necessary to make the plant operative. 

Wisconsin Electric Power in 1978 and 1979 conducted extensive tests 

and evaluation of RDF produced at the American Can Co.'s processing 

facility in Milwaukee. RDF was fired in 2 large utility boilers (310 MW 

each) in which some boiler slagging and electrostatic precipitator (ESP) 

efficiency problems were experienced. The utility has chosen not to 

continue use of RDF. 

The third large-scale co-firing experience has occured at the 

Madison, Wisconsin G & E 50 MW suspension fired unit in which a dump 

grate was installed. In 1980 a second 50 MW unit was modified for 

co-firing coal plus RDF. The facility has been in operation since 1979, 

with last year's consumption of RDF at 10,200 tons. 

The EPA has supported a study designed to test-fire a densified or 

pelletized RDF in a traveling grate small institutional boiler at 

Hagerstown, MD (11). Some environmental emissions data were collected 

in a relatively brief test. A second set of tests were conducted on a 

larger traveling grate unit at Erie, PA using a similar densified RDF, 

but test results have not been released by EPA. 

8 
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A powdered RDF called ECO-Fuel I1 which was produced and marketed 

by Combustion Equipment Associates ( C E A ) ,  was success fu l ly  f i r e d  with 

o i l  i n  an i n d u s t r i a l  b o i l e r  i n  Bridgeport ,  CN ( 5 ) .  However, CEA has  

experienced f i n a n c i a l  problems and no longer produces the  ECO-Fuel 11. 

- SIX RDF/COAL CO-FIRING SITES 

Fuels  

Coal 

T a b l e  8 shows t y p i c a l  ranges of a s h  con ten t ,  C,  H ,  0, C 1 ,  hea t ing  

va lue  and moisture f o r  RDF and coa l .  These ranges i n d i c a t e  t h a t  t h e  ash 

con ten t s  of  c o a l  and RDF are similar and more p a r t i c u l a r l y ,  high a sh  

c o a l  (12 t o  15%) approaches the  ash content  o f  many RDF's. The carbon 

content  of  RDF is about one-half o r  less t h a t  of  coa l .  S u l f u r  conten t  

of  RDF as seen i n  t h e  table v a r i e s  from 0.1 t o  0.4 percent.  Coal has a 

hea t ing  conten t  of  about twice t h a t  of most RDF and about one-half the 

moisture. A comparison o f  ash and BTU con ten t s  of  RDF and c o a l  used a t  

t h e  s i x  co - f i r ing  s i t e s ,  summarized i n  t h i s  s tudy ,  is  shown i n  Table  19 

Refuse Derived Fuels  (RDF) 

An o v e r a l l  comparison o f  t h e  s i x  systems i n d i c a t e s  t h e r e  are fou r  

l e v e l s  of  M S W  processing being u t i l i z e d  a t  t h e s e  s i x  p l an t s .  The 

s imples t  is Columbus, which uses  only primary shredding and f e r rous  

metals removal. Second i n  complexity are Hooker and Lakeland which use 

only primary shredding, f e r r o u s  metals removal, and a i r  c l a s s i f i c a t i o n .  

A t  Lakeland, a i r  classification is op t iona l  but a d i s c  screen  is also 
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TABLE 8 

Range of RDF and Coal Composition i n  Percentage 

C o a l  ( d )  

Urban (a) RDF (b)  RDF ( c )  
Refuse A m e s  - 78 Columbus Combined Eastern 61 

Data (expected) Range Wid Cont. Western 

Ash 5-25 10-18 13-36 4.1-25 6-25 4.1-20 

Carbon 25-34 17-37 58-80 63-80 58-74 

Hydrogen 3.6-5.0 2-5 3.8-6 e 0  4-6 3.8-5.8 

Sulfur 0.1-0.3 .2-.46 0.07-0.15 34-6 e 4  -55-6.4 .34-1.9 

Oxygen 27 (avg.) 15-29 2.5-22 2-5-10 8 .a-22 

Chloride 0.3-1.5 .22-. 75 0.06-0.10 0.01-0.8 0.01-0.8 0 -01 -0 13 

Heating- 
Value 
( BTU/lb) 2000-5000 4954 -6297 2300-7600 10084- 14362 1 1374- 14362 10084- 1290 1 

noisture 15-30 19-28 5-50 0.5-37 0.5-18 4-1-37 
-~ ~ ~~ ~~ 

( a )  Reference (46)  

( b )  Reference (10)  

( c )  Columbus, OH design spec i f icat ions  

( d )  Reference (46 )  
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TABLE 9 

Fuel Composition a t  Co-firing S i t e s  

RDF COAL 

BTU/lb  8 Ash PS Source BTU/lb 5 Ash % S Source 

A m e s  

Columbus 

Hooker 

Lakeland 

Madison 

Rochesier 

5600 

4400 

5500 

4700 

5500 

5000 

13 

18.4 

8 design 

16 

15 

1 7  

0.32 Res iden t i a l  10,200 
Commercial 
L t .  I ndus t ry  

0.11 R e s i d e n t i a l  12,800 
Commercial 

N A  R e s i d e n t i a l  12,800 
Commercial 

0.1 R e s i d e n t i a l  11,500 
Comer c i a l  

NA Res iden t i a l  11-1200 
Only 

N A  Res iden t i a l  12,500 
Commercial 
L t .  I ndus t rv  

7.94 

7.26 

9 

12  

10 

10 

2.8  

0.97 

0.77 

2.5-3 

2 5-3 

2.3 

Wyomi nga 

Kentucky 

Pennsylvania or 
W. V i r g i n i a  

Kentucky 

W. Kentucky or  
S. I l l i n o i s  

W. Vi rg in ia  

Coal burned du r ing  1978 emission s t u d i e s  
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used. Thi rd  are Madison and Ames which employ primary and secondary 

shredders. The RDF is a i r  classified and sand and g r i t  are removed. 

Ferrous metals are a l s o  removed. Last is Rochester, which uses ,  i n  

add i t ion  t o  the  Madison-Ames l e v e l ,  secondary a i r  c l a s s i f i c a t i o n ,  t h i r d  

stage pre-combustion shredding, and ex tens ive  processing of  heavy 

residues f o r  recovery of  glass, non-ferrous metals and heavy 

combustibles. A more specific comparison of  processing s t e p s  a t  each 

s i t e  shows the following: 

1. 

2. 

3. 

Two of the  s i x  systems s e l l  RDF produced by c i t y  or ci ty/county-  

owned processing systems t o  p r i v a t e  u t i l i t y  power p l a n t s  loca ted  

away from the processing sites. The o the r  four  processing 

f a c i l i t i e s  are each located a t  t h e i r  r e spec t ive  power p l an t  s i tes  

and owned by the same adminis t ra t ive  e n t i t i e s .  A minor exception 

a t  these four  s i tes  is t h a t  Columbus opera tes  three of  its f i v e  

shredders  a t  scattered city-wide t r a n s f e r  s t a t i o n s ,  and has done 

so f o r  some time. 

Primary shredding is used a t  each of the s i x  s i tes ,  but  secondary 

shredding is used only a t  three sites--Ames, Rochester and 

Madison. 

S ing le  stage o r  primary air  c l a s s i f i c a t i o n  is performed a t  fou r  

of  t he  s i x  si tes.  Lakeland has i n s t a l l e d  a simple a i r  classifier 

but  in tends  t o  produce and co- f i re  RDF without using the  a i r  

classifier. Rochester is the  only s i t e  t o  use secondary a i r  

c l a s s i f i c a t i o n .  Th i s  is performed before  a t h i r d  stage of  

shredding also called pre-combustion shredding. 

c3 
B 

9 
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4. Ferrous separation is performed at each site, non-ferrous 

separation is accomplished at only one site--Rochester. Ames 

found it impractical and and not cost-effective. 

5. Sand and grit removal is specifically addressed at three sites 

with disc or vibrating screens. A trommel is used at Madison to 

remove much of this fraction. Hooker and Columbus do not include 

this processing step. 

6. Three of the facilities use live-bottom RDF storage at the 

processing/power plant location. Rochester has live-bottom 

storage at the Russell Station power plant which is separate from 

the processing plant, and Madison Gas and Electric has a small 

amount of storage at the power plant also. 

7. At two of the processing sites RDF is trucked to separate power 

plants, Columbus trucks from off-site shredders as well as 

on-site shredders, and all sites except Columbus transport RDF 

from storage to boiler using transport air as the boiler feeding 

mechanism. Columbus uses separate small RDF storage hoppers at 

each boiler. 

Combustion/Energy Conversion 

Facilities Locations 

Rochester Gas and Electric Monroe County, NY RDF Processing and 

Co-f irinR 

Monroe County, including the city of Rochester, NY, and Rochester 

Gas and Electric are cooperating in an RDF processing and co-firing 

venture. Monroe County has built a processing plant in the City of 
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Rochester and Rochester Gas and Electric has constructed a RDF handling 

facility at their Russell power plant in the northwest part of the city 

very near the shore of Lake Ontario. The processing plant is in a 

commercial land use area, and the power plant is located near more 

residential areas. 

The processing plant receives residential and commercial MSW from 

Rochester and a number of other surrounding communities in Monroe 

County. 

Columbus Refuse and Coal Fired Municipal Electric Plant 

This co-firing facility is located in the south central portion of 

the Columbus, OH metropolitan area approximately 81 km SSE of downtown 

Columbus. The immediately surrounding area is a combination of 

industrial and rural land uses and the plant is approximately 1 km west 

of the Scioto River. The majority of the population of Columbus is 

located both north and northwest of the facility. The RDF processing 

facillities consist of three shredderltransfer stations located around 

the city and two shredders located on the plant site. The plant 

processes residential MSW from the entire Columbus metropolitan area. 

City of Lakeland, & , Department of Electricity and Water 

Utilities 

The City of Lakeland is cooperating with the Orlando Utility 

Commission in building a RDF processing and co-firing facility near the 

City of Lakeland. The plant is located 6 KM north of the city in a 

rural land use area adjacent to 2000-acre Lake Parker. 

The plant currently receives MSW from the City of Lakeland 

anticipates eventually serving the surrounding county also. 

P 
U 
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City of Madison, Madison S, E 
The Ci ty  o f  Madison has operated a shredding and resource  recovery 

f a c i l i t y  i n  va r ious  stages of  development f o r  t e n  years .  They upgraded 

the i r  MSW processing p l a n t  i n  1978 and began producing RDF f o r  sale t o  

Madison Gas & Electric beginning i n  1979. The c i t y ' s  p l a n t  is loca ted  

three miles from downtown Madison and RDF is trucked t o  t h e  power p l an t .  

MG&E power p l a n t  is loca ted  betwen Lakes Mendota and Monona i n  downtown 

Madison j u s t  a few blocks from t h e  s ta te  c a p i t o l  building. 

The c i t y  uses  only M S W  c o l l e c t e d  from Madison r e s i d e n t i a l  sources  

by c i t y  s a n i t a t i o n  crews and from t h e  nearby communities o f  Maple Bluff 

and Monona. 

Niagara F a l l s ,  New York , Hooker Chemical 

Hooker Chemical c o n t r a c t s  w i t h  l o c a l  p r i v a t e  waste h a u l e r s  f o r  MSW 

t o  process i n t o  RDF f o r  burning i n  Hooker's new refuse-to-energy p l a n t .  

Current c o n t r a c t s  provide M S W  c o l l e c t e d  by NEWCO Waste, Inc.  They 

c o l l e c t  r e s i d e n t i a l  and commercial wastes from the surrounding 

communities. The Hooker p l a n t  i nc ludes  an  RDF production f a c i l i t y  and 

is loca ted  i n  t h e  i n d u s t r i a l  land use s e c t i o n  of the  Ci ty  of Niagara 

F a l l s  between Niagara F a l l s  and Tonawarida and j u s t  no r th  of t h e  Niagara 

River 

of Ames 

The City o f  Ames has b u i l t  an MSW t o  RDF process ing  f a c i l i t y  

ad jacen t  t o  the  c i t y ' s  municipal power p l a n t  i n  downtown Ames .  L ight  

i n d u s t r i a l ,  commercial and r e s i d e n t i a l  land uses  a l l  e x i s t  w i th in  

one-half mile of t h e  p l an t .  
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The Ames processing p l an t  uses  r e s i d e n t i a l ,  commercial and l i g h t  

i n d u s t r i a l  wastes from Ames as well as surrounding communities. 

Power Plan t  Combustion Systems 

The power p l a n t s  surveyed i n  t h i s  study included two base loaded 

conventional suspension f i red municipal u t i l i t i e s  ( A m e s  and Lakeland) 

one base loaded suspension f i red p r i v a t e  u t i l i t y  (Rochester G&E), one 

suspension fired p r i v a t e  u t i l i t y  used f o r  peaking power (Madison G&E), 

one base loaded municipal u t i l i t y  used a l s o  as a primary M S W  d i sposa l  

system (Columbus), and one p r i v a t e  indus t ry  using MSW as a primary f u e l  

t o  produce both e l e c t r i c i t y  and steam f o r  use i n  chemical manufacturing 

(Hooker Chemical). O f  t he  s i x  p l a n t s ,  A m e s  Unit P7, Madison and 

Rochester have r e t r o f i t t e d  old suspension f i re  pulver ized coa l  u n i t s  t o  

burn 10 t o  20 percent  RDF on a BTU heat input  basis; Lakeland and Ames 

Unit #8 have new suspension f i r e d  u n i t s  b u i l t  t o  co-f i re  RDF with coa l  

o r  o i l  a t  10% and 20% of hea t  i npu t ,  r e spec t ive ly ,  and Columbus and 

Hooker are using new t r a v e l i n g  g r a t e  u n i t s  designed f o r  f i r i n g  high 

percentages of  RDF. Columbus f i res  80% RDF and Hooker can f i r e  0 t o  

100% RDF, but  rou t ine ly  f i res  100%. 

The Ames Unit #8, even though a conventional suspension f i red 

pulverized coa l  design,  has  a b o i l e r  30' higher  than is normally 

necessary f o r  pulver ized coa l  burning only. Th i s  design f e a t u r e  is an 

attempt t o  reduce par t iculate  loadings as f l u e  gas  leaves  the  b o i l e r  

i n t o  the air  po l lu t ion  c o n t r o l  equipment. 

Hooker's Foster-Wheeler t r a v e l i n g  grate b o i l e r s  are i d e n t i c a l  t o  

those used i n  t h e  wood products indus t ry  f o r  burning wood bark and can 

P 

P 
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be used t o  burn 100% RDF w i t h  an a i r  po l lu t ion  con t ro l  emission opt ion 

u 
Q 

8 
n 

u 

to burn 100% coal f o r  15% of the  time on a year ly  average basis. 

Boi le r  s i z e s  vary from 35 t o  84 MW f o r  r e t r o f i t t e d  suspension f i red  

u n i t s  a t  Ames, Madison and Rochester, t o  75 and 364 MW f o r  new 

suspension f i r e d  u n i t s  a t  Ames and Lakeland, r e spec t ive ly ,  MW t r a v e l i n g  

grate u n i t s  a t  Columbus and Hooker. 

F i r i n g  mechanisms f o r  RDF are some form of suspension f i r i n g  i n  a l l  

cases. The u n i t s  a t  A m e s ,  Madison, Lakeland and Rochester a l l  use 

pneumatic t r anspor t  a i r  as a c a r r i e r  t o  f i re  RDF through sepa ra t e  RDF 

f i r i n g  nozzles. A t  most f ac i l i t i e s  where RDF is co-f i red w i t h  coa l  i n  a 

pulverized coa l  b o i l e r ,  t he  RDF f i r i n g  nozzles  are being placed below 

the  coa l  nozzles.  Ames experimented wi th  f i r i n g  por t  l oca t ion  i n  1978 

and discovered t h a t  placing RDF p o r t s  below coa l  po r t s  s i g n i f i c a n t l y  

decreased particulate loads  i n  t he  f l u e  gas  leav ing  the  b o i l e r  ye t  

maintaining complete burning of t h e  RDF. 

RDF f i r i n g  rates f o r  the pulver ized coa l  u n i t s  vary from 4.5 t o  14 

tons per hour (TPH) f o r  t he  smaller u n i t s  a t  Ames, Madison and Rochester 

t o  26 TPH f o r  t he  l a r g e r  Lakeland un i t .  The t r a v e l i n g  g r a t e  u n i t s  f i r e  

a t  20 TPH RDF fo r  Columbus and 37.5 TPH f o r  Hooker. Coal rates vary 

from 15 t o  38 TPH f o r  the  smaller pulver ized coa l  u n i t s ,  t o  130 TPH a t  

Lakeland. Columbus w i l l  f i r e  2 TPH coa l  per b o i l e r  when they begin 

operat ion i n  late 1982. Current ly  Hooker is f i r i n g  no coa l  except when 

MSW is not a v a i l a b l e  f o r  processing. Table  10 summaries t h i s  

information. 
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TABLE 10 

RDF/Coal Co-firing Power Plant Descriptions 

Coal RDF 

S i t e  
Name 

Plan t  
Type 

Boiler 
Type 

Date Feed $Total Feed $Total  
Unit Operated MU Rate BTU Rate BTU 

I on RDP Rating TPH Input TPH Input 

Ames. 
Municipal 
U t i l i t y  

Columbus 
Division 
of 
E l e c t r i c i t y  

Hooker 
Chemical 

Lakeland 
McIntosh 

Madison 
Gas 6 
E l e c t r i c  

Rochester 
Gas 
and 
E l e c t r i c  

Base 
Loaded 
Municipal 
U t i l i t y  

Waste 
Disposal 
e l e c t r i c  
product. 

E l e c  6 
Steam 
Product. 

Base 
loaded 
Municipal 
U t i l i t y  

Peaking 
p lan t  
P r iva t e  
u t i l i t y  

Base 
Loaded 
P r iva t e  
U t i l i t y  

Combustion Engineering 7 
Suspension f i r e d  coal 
Unit r e t r o f i t t e d  w/ 
dump g r a t e  6 RDP nozzless  

New BhW Suspension f i r e d  8 
coa l  u n i t  with RDP 
nozzles  and dump g r a t e  
6 e x t r a  b o i l e r  he ight  
t o  reduce RDF ash  carryover 

New BIW t r a v e l i n g  g r a t e  
u n i t s  t o  burn RDF/coal 
r a t i o  80$/20$ t o  0/100 

Foster-Wheeler b o i l e r s  
designed t o  burn wood 
bark. 0-100s RDF or coal 
is suspension f i r e d  over 
t r ave l ing  g ra t e .  

New suspension-fired 
B6W u n i t  f i r e d  with 
coal/RDF or oil/RDF. 
Has dump g ra t e .  

BhY suspension f i r e d  
coa l  u n i t s  r e t r o f i t t e d  
with nozz les  h dump 
g r a t e s  f o r  RDF/coal. 

Tangent ia l ly  suspension 
f i r e d  Combustion 
Engineering 
Coal u n i t s  are 
being r e t r o f f i t e d  wi th  
dump g r a t e s  
and RDF nozz les  

1-6 

162 

3 

1 

2 

3 

Ir 

1976 

Jan. 
1982 

Late 
1982 

1981 

Jan. 
1982 

June 
1979 

F a l l  
1981 

Aug.81 

Fa11'81 

n 

35 

73 

6@ 15.a 

54'. 

364 

2@50** 

48 

70 

66 

84 

15 

38 

2 

0 

130 

17 

80 

80 

20 

0 

90 

85 

18.9 90 

24.5 90 

23.5 90 

27.2 90 

6 

14 

20 

37.5 

26 

6.5 

4.4 

20 

20 

80 

100 

10 

15 

10-15 

5.75 10-15 

5.5 10-15 

6.5 10-15 

e Ames a l s o  has two t r ave l ing  g r a t e  u n i t s  (8 x 12 MU) which were t e s t e d  on RDF i n  1976-77. 
a s  standby un i t s .  

Currently they a r e  used 

** MW r a t i n g  and bo i l e r  feed rates are f o r  each bo i l e r .  
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A i r  Emissions Control Systems 

A l l  s i x  fac i l i t i es  employ 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)  on each 

b o i l e r  f o r  c o n t r o l  of suspended p a r t i c u l a t e s  from the  stack. Columbus 

a l s o  uses high e f f i c i ency  mechanical c o l l e c t i o n  devices  p r i o r  t o  each 

ESP. Lakeland uses  a flue-gas desu l fu r i za t ion  scrubbing device p r i o r  t o  

rout ing  the  s t ack  gas through the  ESP. 

Five of the  s i x  MSW t o  RDF processing p l a n t s  use bag-house 

c o l l e c t i o n  for  a i r  po l lu t ion  con t ro l  t o  reduce dus t  produced during MSW 

processing. Th i s  se rves  t o  reduce not only dus t  emissions t o  the  

ambient a i r  b u t  also d u s t  l e v e l s  i n s i d e  t h e  processing bui ldings.  

Columbus uses  only primary shredding, which does not  r equ i r e  dus t  

cont ro l .  

Residue Handling and Disposal Systems 

Four of t he  s i x  p l a n t s  produce some sluice pond wastewater i n  t h e i r  

ash d i sposa l  process (Table  11 ) .  Madison and Hooker dispose of ash 

without s lu i c ing .  A t  Columbus and Ames, bottom and f l y a s h  are s lu i ced  

t o  s e t t l i n g  basins.  The overflow a t  Columbus goes t o  a nearby 

wastewater treatment p l an t  (WWTP). A t  Ames s l u i c e  water seeps out  of 

t he  s e t t l i n g  basin and could reach a nearby watercourse but t he  c i t y  

w i l l  have completed a system for  recylc ing  s l u i c e  water f o r  use with new 

Unit IC8 i n  early 1982. Rochester s l u i c e s  only bottom ash and discharge 

water t o  a WWTP. Lakeland treats s l u i c e  water i n  t h e i r  own wastewater 

t reatment  system a t  the power p lan t .  

Both f lyash  and bottom ash (wet o r  dry)  are disposed of  a t  l a n d f i l l  

s i tes  fo r  Madison, Hooker, Columbus and Rochester. Ames leaves  the  ash  
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TABLE 1 1  

Ash Disposal at RDFKoal Co-firing Facilities 

Ames Columbus Madison HOOKER LAKELAND ROCHESTER 

A l l  a sh  s l u i c e d  t o  
c l a y  l i n e d  s e t t l i n g  
basin behind power- 
p l an t  

Frankl in  Co. SLF 
S.E. Corner of 
i n t e r s e c t i o n  o f  
I 270 h I 71 

Bottom & Fly 
a sh  disposed 
o f  dry a t  ICKE 
Const. p r i v a t e  
L.F. 

A l l  ash l a n d f i l l e d  
a t  NEWCO waste s i t e  
1/11 mile from p l a n t  

A l l  a sh  & F & D 
s ludge are f ixed 
i n  IU Conversion 
sys .  a sh  f i x i n g  
process  & f i l l e d  
on pp property 
as low grade 
cement 

Fla. DER 
comprehensive 
powerplant per- 
m i t  

Wet bottom ash  
h dry f l y  a sh  is 
hauled t o  t h e  
Huff Refuse Demo-. 
l i t i o n  si te a t  
Ogden, east of  
Rochester 

Ash Disposal 
S i t e  

NYSDEC NYSDEC Permit t ing 
Agency 

IDEQ OHEPA WDNR 

2 yrs. 6 mos. 20 yrs. N / A  Remaining 
L i f e  

S i t e  Con- 
s t r u c  t i o n  
& ground- 
water  l e v e l  

N/A 

S i t e  is o l d  sand 
p i t .  No precau- 
t i o n s  taken t o  
p ro tec t  ground- 
water which is 
c l o s e  t o  su r face  

S i t e  is l i n e d  with 
local c l ay ,  overflow 
d r a i n s  t o  t h e  Skunk 
River 

S i t e  is c l a y  l i ned  
6 has l eacha te  col- 
l e c t i o n  system. Ash 
is mixed with 10,000 
cy/day of M S W .  CWT 
is wi th in  20' of 
surface w/o pumping 

S i t e  is almost 
f u l l ,  looated i n  
o l d  sand p i t  and 
marsh. No re- 
t a r d i n g  l i n i n g  
groundwater is 
a t  base of s i t e  

Natural c l a y  base 
on site, less than 
5' t o  groundwater 
some l eacha te  g e t s  
i n t o  storm d r a i n s  

Fixed s ludge i n  
f i l l e d  i n  low 
areas, ground- 
water is near 
su r face  bu t  
leaching d a t a  in-  
d i c a t e s  f i l l  
ma te r i a l  has low 
leaching p o t e n t i a l  

Artif icial  marsh Receiving 
Stream 

S l u i c e  Water 

Skunk River S c i o t o  is near land- 
f i l l  

Large l ake  i n  the  
area 

No s l u i c e  water 

Niagara River 

Seeps t o  ground 
water or evaporates  

ph ad jus t ed  and s e n t  
t o  nearby STP which 
discharges t o  Sc io to  
River 

No s l u i c e  water  Bottom ash  s e t -  
t l i n g  pond d i s -  
charges to t h e  
Van Lane UNTP 
which discharges 
to t h e  Cenesee 
River 

Tantalo SLF- 
Seneca F a l l s ,  NY 

Prooessing Ames Ci ty  SLF Frank l in  Co. SLF Dane Co. Vevona SLF NEWCO Waste Inc.  County SLF 
P lan t  Residual  1/11 m i .  from 
Disposal Site Hooker 
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J 

7 

7 

i n  the  e x i s t i n g  s e t t l i n g  basin and Lakeland combines FGD scrubber  s ludge  

and powerplant ash i n  an ash f i x i n g  system. The r e s u l t i n g  "fixed" 

s ludge  is l a n d f i l l e d  ad jacent  t o  the  power p l an t .  

The ash l a n d f i l l  s i tes  f o r  Madison and Rochester are cons t ruc t ion /  

demolit ion waste s i tes  t h a t  o f f e r  no separa t ion  between waste and the  

groundwater table. The 

Madison ash s i t e  w i l l  only be i n  use u n t i l  t he  end of 1981. 

These are both used on a year ly  con t r ac t  basis. 

Processing p l an t  residual is disposed of  a t  c i t y  o r  county s a n i t a r y  

l a n d f i l l s  i n  all s i x  cases.  
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3. HEALTH AND ENVIRONMENTAL CONSIDERATIONS 

LABOR REQUIREMENTS FOR RDF TECHNOLOGY 

Labor information was c o l l e c t e d  from t h e  s i x  co - f i r ing  s i t e s  as 

repor ted  i n  Table  12 . 
I 

C 

t 

n 

P 



TABLE 12 

Labor Requirements for RDF Preparation and RDFICoal Co-firing 

number of employees 

Site 
RDF 
Preparation 

RDF preparation 

Power plant operation 
and 

ci 
Ames, IA 16.5 46.5 

Madison, WI 13.0 120.0 

Rochester, NY 132.0 NA * 
Niagara Falls, NY NA 110.0 

Columbus, OH NA 102.0 

Lakeland, FL NA 43.0 

* NA = Information not  available. 

3 
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Labor Requirements for RDF Preparat ion 

Work-power requirement f o r  RDF prepara t ion  are summarized i n  Table 

13 . The number o f  work-hours per  day were ca l cu la t ed  from the values  

l i s t e d  i n  Table 12 according t o  the  opera t ing  schemes of t h e  specific 

si tes.  Heating va lues  of the f u e l  produced, expressed i n  mi l l ion  BTUs 

per  day, were ca l cu la t ed  as 75% of the raw MSW BTU content  (@ 4500 

BTU/lb) .  Work-hours per mi l l i on  BTUs were calculated as the quot ien t  of 

t h e  work-hours per day and mi l l i on  BTUs per day. 

These fac i l i t i es  d i f fe r  according t o  the degree of  processing 

involved wi th  t he  RDF preparat ion,  as d iscussed  previously.  The 

processing scheme a t  Rochester, NY is more involved than either the  

Ames, IA o r  the  Madison, W I  faci l i t ies ,  but  the economies of  scale of  

the  large through-put operat ion a t  Rochester, NY r e s u l t s  i n  work-hour 

requirements wi th in  the  range of the Ames, IA and Madison, W I  s i tes.  

c 

E 

i 
c 
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Labor Requirements for RDF Combustion 

An ana lys i s  of work-hour requirements f o r  the  5 RDF/coal co- f i r ing  

p l an t s  f o r  which data were made ava i l ab le  shows t h a t  i n  s p i t e  of the  

d i f f e rences  i n  RDF processing i n  the  two most common types of p l a n t s  

- the re  does not seem t o  be l a r g e  d i f f e rences  i n  work-hour requirements 

per  mi l l ion  BTUs of  heat input .  

Re t ro f i t t ed  power p l a n t s  l i k e  the Ames (200 TPD) and Madison (500 

TPD) f a c i l i t i e s ,  both of  which have small RDF processing f a c i l i t i e s  when 

compared t o  the  fac i l i t i es  a t  Columbus, OH (3000 TPD) and Hooker, 

Niagara Fa l l s ,  NY (2200 TPD), show similar work hour requirements ( T a b l e  

14)  ranging from 0.0322 t o  0.0538 HR/MM BTU hea t  input .  This s i m i l a r i t y  

may be explained as follows: F i r s t ,  the  two r e t r o f i t t e d  p l a n t s ,  A m e s  

and Madison, burn a very small o v e r a l l  percentage of RDF (from 1.6 t o  

9.6%) i n  an o lde r  municipal u t i l i t y  p l an t  with a low capac i ty  f ac to r .  

Such an arrangement is very labor  in t ens ive  when compared t o  a new l a r g e  

scale u t i l i t y  b o i l e r ,  such as the  one a t  Lakeland, having a high 

capacity f a c t o r  (Ames CFz208, Madison CF=25%, Lakeland CF=65%) Second, 

p l a n t s  designed pr imar i ly  f o r  waste d i sposa l  using a high-percent RDF, 

U 
n 
D 

r - l  

r- 

with  mul t ip le  b o i l e r  designs and l a r g e  RDF processing p l a n t s  a l s o  pay a 

s i g n i f i c a n t  p r i c e  i n  work-hour cos t s .  To assure  t h a t  M S W  can always be 

processed and e l e c t r i c i t y  o r  steam be produced without r e s o r t i n g  t o  

expensive a l t e r n a t e  d i sposa l  methods o r  f u e l s ,  r equ i r e s  redundant, 

maintenance-intensive designs wi th  r e l a t i v e l y  large opera t iona l  and 

maintenance crews. Thus c e r t a i n  high capac i ty  f a c t o r  p l a n t s  appear t o  

have work-hours/MM BTU requirements as high as r e t r o f i t t e d  p l a n t s  with 

low capac i ty  f ac to r s .  
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TABLE 14 

Combined RDF Preparation and Power Plant Operation Labor Requirements 

PROCESSING POWER FUEL M I X  $ RDP 

PLT. TPD PLANT WEN $ OF YR XA"RS/UK HM BTU/HK HR/m 
SITE DESIGN Hw COFIRING BTU INPUT AVG . YRLY AVG. BTU COWNTS 

200 

107 ( a )  opera t ing  l a s t  year.  
BTU based on 1980 use of 
35 MU coal/RDF u n i t .  
Also have 8 & 12 Hw standby 
t r a v e l i n g  g r a t e  un i t s .  

115 MU r a t i n g  inc ludes  new 
Ames 115 20 9 .6( f )  1860 44.4E*3(f) 0.0419 65 Hw coal/RDF u n i t  not 

500 

200(b) 
Madison 200 

Uadison is a peaking p l t .  
15  1 .6 ( f )  4800 96.7E+3( f 1 0.0496 w/lOO MU coal/RDF and 100 

MU of gas & o i l .  9 b o i l e r s ,  
7 tu rb ines .  

0.00318 1-364 MU coal/RDF/oil and Lakeland 300 564 10 2.4(g) 1720 54.12b4 (8) 
2-100 Mu o i l  un i t s .  

2200 54(d)  100 85 4400 81.675b3 ( e )  0.0538 Can burn 100s RDF t o  100% 
coal i n  2 t r a v e l i n g  g r a t e  

t r i c i t y  or steam. 

Hooker 
4400 37.125E+3 0.1185 u n i t s  t o  produce e lec-  1000 ( c )  100 

2000 ( h )  90 80 80 4080 84.375E+3(e) 0.0484 Designed for 80% RDF/2OS coa l  

4080 126.600b3 3000 
Columbus i n  6 t r ave l ing  g r a t e  u n i t s  

0.0322 wi th  3, 30 MU tu rb ines .  

Actual averaged over the number of days operated In 1976 through 1978. 
RDF produced depends on ava i l ab le  market. 
Actual MSW processed dur ing  August 1981. 
An equal amount of steam capac i ty  is a v a i l a b l e  for use in chemical manufacturing. 
Pro jec ted ,  based on design WW input  x 0.75 to g ive  BTU in RDP/day t imes  5 days/wk, 52 wk/yr. 
Based on BTU's used i n  1980; inc ludes  coal, RDP, o i l  and gas. 
Based on 4920 hrs  of 364 MU coa l  only; 2080 in aoal/lO$ RDP and 200 MU o i l  only 0 352 capac i ty  f a c t o r  pro jec ted  
f o r  1982. 
2000 TPD cu r ren t ly  ava i l ab le ;  p l an t  w i l l  be ope ra t iona l  1983. 

This 200 TPD reflects average demand over t h e  days operated i n  1980. 

3000 TPD maximum capac i ty .  
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The work hour and BTU input numbers for the Columbus, Lakeland, and 

Hooker facilities are projections, and the assumption was made that 

operations will be successful enough to achieve’ design predicted 

capacities. The projected figures for Columbus and Hooker do not 

approach those of the Lakeland facility (.0032 HR/MM BTU) which has a 

new large-scale single boiler design and a small RDF plant; a more labor 

efficient combination. This much lower HR/MM BTU requirement at 

Lakeland is impressive when it is noted that it includes flue gas 

desulfurization and a sludge fixing method of ash and scrubber sludge 

disposal with no wastewater discharge. This facility also has the 

capability to expand to two, eight-hour RDF processing shifts, and thus 

double the MSW processing and RDF co-firing capacity without 

significantly increasing work-hour requirements. 

OCCUPATIONAL HAZARDS 

The occupational health hazards in the fuel supply and energy 

conversion processes for co-firing RDF and coal include considerations 

of the injury and mortality rates arising from both RDF and coal supply 

systems. For the present study we assumed that the developing 

co-combustion technologies will probably approach an 80% coal, 20% RDF 

fuel ratio on an energy basis. 

Coal, being the major fuel, will bring with it occupational health 

threats in proportion to its energy contribution. The coal cycle, 

including mining, cleaning, processing, transport, conversion and 

disposal has come under analysis in the health assessment program 

currently underway at Brookhaven National Laboratory by the Biomedical 

c1 
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and Environmental Assessment Division (BEAD). The occupat ional  hea l th  

impacts of  the  coal. cycle have been analyzed and reviewed i n  recent  

documents prepared by Samuel C. Morris and o ther  team members a t  BEAD 

(12-14) 

I n  p ro jec t ing  occupat ional  heal th  hazards from coa l  mining, which 

is the  major con t r ibu to r  t o  mor t a l i t y  and morbidity of  t he  coa l  cyc le ,  

Morris e t  a1.(12) have considered important changes and t r ends  i n  the 

mining indus t ry  which have become evident  i n  recent  years. Major 

f a c t o r s  in f luenc ing  f a t a l i t y  and i n j u r y  incidences are t h e  Coal Mine 

Health and Safety Act of 1969 (CMHSA) and the  downward t r ends  i n  

underground n ine  product iv i ty .  Although a s teady decrease i n  f a t a l i t y  

rates pe r  work-hour i n  both underground and su r face  mining is apparent  

s ince  CMHSA, no long-term improvement f o r  the incidence of non-fatal  

d i sab l ing  acc idents  underground is y e t  evident .  The f a c t o r s  which 

inf luence t h i s  s ta t is t ic  have been discussed by Morris e t  a1 (12) .  

Those i n v e s t i g a t o r s  examined negat ive change i n  underground mining 

product iv i ty  i n  t he  last  15  years  i n  t h e  l i g h t  of  na t iona l  coa l  target 

goa l s  and t h e  t o t a l  in f luence  lower product iv i ty  w i l l  have on g ross  

mor ta l i ty  and morbidity f igures .  According t o  Morris e t  a1 (121, the 

decrease i n  product iv i ty  may be a t r a n s i e n t  phenomenon and t h e  

decreasing rates of mor t a l i t y  i n  deep and su r face  mines, as well as t h e  

decreasing rates of  su r face  mine i n j u r i e s  w i l l  lead t o  much lower r i s k  

by the  end of  the  century.  

The diseases d i r e c t l y  inf luenced by t he  deep mine environment, coa l  

workers pneumoconiosis (s imple and complicated) and chronic  b ronch i t i s ,  

are pro jec ted  t o  decrease wi th  t he  lowering of  mine d u s t  l e v e l s  under 
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CMSHA's inf luence.  These p ro jec t ions  are based p r i n c i p a l l y  on t h e  

recent  work of  Rockette (15) .  The dramatic reduct ion i n  an t i c ipa t ed  

dea th  rate wi th  lower mine dust  l e v e l s  is countered by the  considerat ion 

t h a t  chronic  r e s p i r a t o r y  disease e x e r t s  i ts morbidity inf luence  during 

the  e n t i r e  worker's l i f e ,  not  j u s t  t he  working years.  Excess Standard 

Mortal i ty  Ratios on stomach cancer,  lung cancer ,  asthma, and 

tuberculos is  among miners cont r ibu te  t o  the  f i n a l  es t imate  of  disease 

incidence.  

The occupational hea l th  hazards shown i n  Table  15 f o r  both coa l  and 

RDF f u e l s  is based on the  hea l th  effects data from coa l  as prepared by 

Morris (13 ) ,  and the  h e a l t h  hazards from RDF as perceived by the  A m e s  

Laboratory team. 

Columns 1 and 2 of Table  15 d i s p l a y  the  coa l  mining and processing 

hazards on the  basis of GW(e)/yr (131, an energy value equiva len t  t o  3.4 

MM tons of bituminous Coal r a t ed  a t  2.4 x BTU/ton. The coa l  

t r anspor t  acc ident  rates i n  columns 1 and 2 are based on 3.4 MM tons  

t ransported by each mode. Columns 3 and 4 represent ,  i n  t he  case of  

coa l  t r anspor t ,  t h e  accident  rate of  t he  combined modes of  t ruck ,  r a i l  

and barge a t  the  mixture assumed by Morris e t  a l .  (12) .  The coa l  

related acc idents  of columns 3 and 4 are mul t ip l ied  by 0.80 t o  estimate 

c o a l ' s  cont r ibu t ion  t o  a 80/20 coal/RDF gigawatt  year acc ident  rate. 

I1Power P lan t  Accident" rates i n  Table 15 are not  seen t o  d i f f e r  

s i g n i f i c a n t l y  i f  r e fuse  derived f u e l  (RDF) rep laces  20% of  the  coa l  i n  

the  t y p i c a l  opera t iona l  experience a t  Ames, Iowa, and Madison, 

Wisconsin. Basically, opera t ions  within the  power p l a n t ,  including 

number of personnel,  do not  change. The add i t iona l  personnel required 
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TABLE 15 

Occupational Health Effects - Coal/RDF Combustion Per GW(e)/yr 

0 

n 

n 

a 
13 

Each Fuel 
Act iv i ty  ( a )  

Deep/Surface ( c )  
Coal Mix 

Coal/RDF (d )  
80/20 

Non Non Non 
Deaths Fa ta l  (b) Deaths F a t a i  Deaths Fa ta l  

Cod1 M i n i n g  
Uiider&rouhd 

Acciaents 1.7 170 0.73 73 0.58 58 
Disease 0-0.2 0.1-5.0 0.09 .04-2 0.07 .03-1.6 

Surface 
Accidents .12 18.0 0.07 10 0.06 8 

Coal Cleaning 
Accidents 0.06 3-5 0.06 3-5 -05 2-4 

Coal Trsnsport  
h a i l  Accidents 

Barge 0.46 
Truck 1.2 

Power Plant 

0.014 

Accidents 0.13 

1.1 
1.6 
20. 

5 

Mun. Sol id  
Waste 

Col1 ec t ion 1058 ( f )  
Transport 9.5 156 (g) 

RDF Processing 
Acciderits 

0.223 3.114 ( e )  0.178 2.75 

0.13 5 0.13 

1.9 

5 

212 (i) 
31 

91-252 (h )  18-50 
___- 
Total 1.3 95-99 2.97 128-372 

( a )  Ueathv arid injuries a re  reported on the bas i s  of 1 GW ( e ) / y r  for each a c t i v i t y  shown on the  
f i r s t  column 

In jury  incidence is " los t  worKday" cases  cons i s t en t  with Bureau of Labor S t a t i s t i c s  da ta  

The fue l  source is a mixture of 43% deep and 571 sur face  mined coa l  a f t e r  Morris (13) 

The fue l  source is a mix of 801 deep/surface coal and 202 r e fuse  derived f u e l  (RDF) 

T h i s  death and in ju ry  incindence r ep resen t s  the average of 531 r a i l ,  221 barge,  and 111 t ruck  (13) 

(b! 

( c )  

( d )  

( e )  

(f') berived from a da ta  base prepared under EPAs Off ice  of  Sol id  Waste; Report SW-169.2 (1979) (17) 

(g) based on Hadison, WI data  of 4.96 miles per ton N S W  and 9.06 x E+6 ton MSW per GW ( e ) / y r ;  then 
using National Safety Council 1979 da ta  + 3.5 i n j u r i e s  per E+6 vehic le  miles. 

based on the  sur raga te  indus t ry  "converted paper products", SIC2649 using BLS l o s t  work days 
i n j u r i e s  for 1979 and the  range of man hrs/MU energy equiva len t  experienced a t  opera t ing  RDF/coal s i t e s  

( h )  

(i) See t ex t  
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t o  prepare RDF f u e l  is assigned i n  Table 15 t o  the category "RDF 

Processing AccidentsIt. 

I n  Table 15, t he  acc ident  rate i n  column 2 under W S W  co l lec t ion t1  

was obtained from an EPA r epor t  (16).  The information i n  t h i s  r epor t  

r e su l t ed  from an ex tens ive  survey involving so l id  waste organiza t ions  

who reported detailed desc r ip t ions  of  acc idents ,  time l o s t ,  c o s t  

incur red ,  equipment and employee exposure and o ther  opera t iona l  data. 

The data base included details  on over 12,000 i n j u r i e s  i n  a t o t a l  

exposure period exceeding 40 mi l l ion  person hours. 

Th i s  EPA survey ind ica ted  t h a t  the r i s k  o f  employee i n j u r y  i n  s o l i d  

waste c o l l e c t i o n  was severe and exceeded the  h ighes t  incidence f o r  

acc idents  i n  the  BLS s tandard i n d u s t r i a l  code. The " L o s t  Workday 

Accident Ratet1 was reported as 23 per  200,000 work hours. The r e p o r t ,  

however, provided no data on the  incidence of fa ta l  acc idents  

experienced by these workers. The acc ident  incidence r a t e ,  published by 

the  EPA, was used i n  Table  15 t o  estimate the  expected i n j u r y  r a t e  f o r  

the  c o l l e c t i o n  of municipal s o l i d  waste ( M S W )  i n  amounts y i e ld ing  

refuse-derived f u e l  (RDF) equal  t o  8.16 x BTU thermal, the  

equivalent  of  1 GW(e)/yr. The data f o r  manpower requirements i n  the  

c o l l e c t i o n  of muncipal s o l i d  waste was provided by the  City of  Madison, 

Wisconsin, t h e  only coal/RDF co- f i r ing  s i t e  where these data were 

r e a d i l y  ava i l ab le .  S imi la r  data a r e  not present ly  a v a i l a b l e  from o the r  

c i t ies ,  hence a range of  work-power values  per  ton of  M S W  co l l ec t ed  

cannot be provided. 

The non-fatal  acc ident  rate i n  column 2 f o r  MSW c o l l e c t i o n  was 

estimated as follows: 
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1. The l l l o s t  workday acc ident"  ra te  f o r  s o l i d  waste c o l l e c t i o n  was 

23/200,000 work hours ( 17 ) . 
2. The Madison, Wisconsin data f o r  M S W  c o l l e c t i o n  was 1.0147 work 

h r s / ton  co l l ec t ed .  

The f u e l  value of  M S W  was equiva len t  t o  9 MM BTU/ton 2 20%. 3. 

4. 1 GW(e)yr was equiva len t  t o  8.16 x BTUs thermal. 

Given these premises, 

1. Then 1 CW(e)/yr r e q u i r e s  (8.16 x BTU)/9 x BTU/ton) = 

9.067MM tons  M S W .  

2. But 1.0147 work h r s  per  ton c o l l e c t e d  x 9.067MM t o n s  = 9.2 MM 

work hrs/GW(e)/yr. 

Thus, t h e  incidence of 'ILost Workday AccidentsI1 per GW(e)/yr = 23 

x 9.2 MM wosk h r d 0 . 2  MM work h r s  = 1058. 

3. 

The i n j u r y  ra te  assignment f o r  MSW c o l l e c t i o n  may i n  fact be 

inappropr i a t e ly  credited t o  co-combustion technology because s o l i d  waste 

is co l l ec t ed  whether i t  goes t o  a combustion s i t e  o r  a l a n d f i l l .  An 

a1terna. t ive rate may be based on estimates of  the  t r a n s p o r t a t i o n  r i s k  

f o r  de l ive ry  of  t h e  MSW f u e l  source as follows. 

The Madison, Wisconsin data i n d i c a t e  t r a n s p o r t a t i o n  mileage o f  4.96 

miles/ton MSW. The t o t a l  mileage f o r  9. MM tons  M S W  (1  CW(e)/yr 

equiva len t )  is 9. MM tons  x 4.96 miles/ton = 45 MM miles. National 

Sa fe ty  Council data (18) f o r  1979 i n d i c a t e  a commercial t rucking  

acc ident  rate of 0.21 deaths and 3.5 i n j u r i e s  per  10 mi l l i on  veh ic l e  

miles. Thus, t he  acc ident  rate f o r  t r a n s p o r t  of 1 GW(e)/yr M S W  would be 

9.5 fa ta l i t ies  and 156 i n j u r i e s .  This  incidence rate is shown i n  

columns 1 and 2 of Table 15 Columns 5 and 6 r ep resen t  only 20% of 

3 
7 
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t h i s  rate s ince  RDF con t r ibu te s  only 1/5 of t h e  fuel  inpu t  t o  1 GW(e)/yr 

co-combustion. It is evident  t ha t  although RDF con t r ibu te s  only 20% of 

the  energy i n  co- f i r ing ,  t r anspor t a t ion  of t h i s  por t ion  of  the  f u e l  can 

account f o r  almost two t h i r d s  of t he  occupat ional  fatalaties and 

non-fatal  accidents .  

Since no data were ava i l ab le  on RDF processing,  t h e  acc ident  

incidence rates i n  Table  15 were based o n ' a  sur roga te  indus t ry ,  namely, 

"converted paper productst1, (SIC 2649). The l l l o s t  work dayt1 in ju ry  

incidence f o r  t h i s  indus t ry  i n  the BLS r epor t  f o r  1979 (19) was 7.0 

cases  per 0.2 MM work hours. The RDF processing acc ident  rate i n  column 

2 was estimated by first c a l c u l a t i n g  t h e  work-hours pe r  GW(e) (8.16 x 

BTU) using the range of work-hours/MM BTU i n  Table 13 as follows: 

(Madison) (8.16 x BTU) x 0.0321/10+6 BTU = 2.62 x 

work-hours 

(Rochester)  (8.16 x BTU) x 0.0882/10+6 BTU = 7.20 x 

work-hours 

(Madison) Accidents/GW(e)/yr = (7/0.2 x h r s )  x (2.62 x 

work-hours) = 91 

(Rochester)  Accidents/GW(e)/yr = (7/0.2 x hours) x (7.20 x 

work-hours) = 252. 

The selected sur roga te  indus t ry  d i d  not take i n t o  account unusual 

events  t h a t  have occurred i n  the  s o l i d  waste processing faci l i t ies ,  such 

as d u s t  explosions.  Approximately 100 of these explosions have been 

reported and the  majori ty  of  these have occured a t  shredding- landf i l l  

opera t ions  (20,21).  Ninety-five of these  explosions have been 

documented by Zalosh (211, and Three of  these 95 explosions r e su l t ed  i n  
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i n j u r i e s ,  none of which were f a t a l .  I n  add i t ion ,  Ahlberg and Boyko (22) 

have descr ibed th ree  major and one minor explosion t h a t  occurred a t  the  

Ontario Center f o r  Resource Recovery. No personal  i n j u r i e s  r e su l t ed  

from these explosions.  

Although the major concern over explosions has been centered on 

shredders, t he  only recorded death r e su l t ed  from an explosion a t  t h e  

East Bridgewater, Mass., resource recovery p l an t  i n  a cyclone which 

de-entrained the  RDF (12) .  The cause remains unknown. 

Most explosions i n  waste processing p l a n t s  have been assoc ia ted  

wi th  flammable l i q u i d s  o r  vapors wi th in  the  shredder,  o r  w i t h  dus t  

formed during s i z e  reduct ion operat ions.  Dust explosions have long been 

a problem i n  the  mi l l i ng  and handling of g ra in ,  I n  the  per iod from 1958 

t h r u  1977, 54 explosions occurred i n  feed m i l l s  r e s u l t i n g  i n  22 deaths  

and 209 personal  i n j u r i e s  (23). Similar concerns regarding explosions 

are related t o  fac i l i t i es  f o r  preparing pulverized coa l  as a b o i l e r  

fue l .  Considerable technology cu r ren t ly  e x i s t s  f o r  the  con t ro l  of  

shredder explosions o r  minimizing the i r  e f f e c t .  An ASTM Committee 

(E38.07; Health and Safe ty  Aspects of Resource Recovery) is cu r ren t ly  

compiling explosion p ro tec t ion  guide l ines  (20,21,24). These will 

include : 

1. measures f o r  upstream removal of flammable and explosive 

materials; 

2. proper vent ing of shredders;  

3. explosion de tec t ion  and suppression systems; 

4. i s o l a t i o n  of personnel by use of barricades o r  b las t  mats. 
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Current technology appears t o  be capable of  maintaining the  

personal  r i s k s  assoc ia ted  wi th  explosions a t  a l e v e l  cons i s t en t  w i th  

o the r  i ndus t r i e s .  

Exposure & Pathogens 

The h e a l t h  r i s k s  r e s u l t i n g  from microbiological  ae roso l s  i n  

municipal s o l i d  waste recovery faci l i t ies  have been d i f f i c u l t  t o  

evaluate  s ince  few s t u d i e s  have attempted t o  demonstrate human h e a l t h  

e f f e c t s .  There appears t o  be no s i g n i f i c a n t  epidemiological evidence t o  

suggest t h a t  microbiological  ae roso l s  such as found i n  municipal s o l i d  

waste (MSW) handling faci l i t ies  pose a human hea l th  hazard. As a guide 

t o  p o t e n t i a l  h e a l t h  r i s k s ,  s t u d i e s  a t  (i) wastewater treatment 

faci l i t ies ,  (ii) composting faci l i t ies ,  (iii) a g r i c u l t u r a l  faci l i t ies  

and ( i v )  i n d u s t r i a l  f ac i l i t i e s  are of relevance. Pe r t inen t  s t u d i e s  a t  

these  fac i l i t i es  a r e  reviewed below. 

Although ac t iva t ed  s ludge and t r i c k l i n g  f i l t e r  p l a n t s  (25) have 

been found t o  emit p o t e n t i a l l y  hazardous microbiological  ae roso l s  

containing Escherichia coli, Aerobacter aerogenes,  col i forms,  

K lebs i e l l a ,  Proteus,  Staphylococcus aureus,  hemolytic s t rep tococcus ,  

mycobacterium, coliphage and animal v i ruses ,  no c o r r e l a t i o n  between 

s p e c i f i c  organism l e v e l s  and the  incidence of disease has been 

determined. Clark e t  a1 (261, i n  a seroepidemiological study on 200 

sewage treatment and maintenance workers i n  three metropolitan areas, 

failed t o  demonstrate any increased r i s k  of i n fec t ion  due t o  p a r a s i t e s ,  

bacteria, o r  v i ruses .  
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Olver (27)  repor ted  t h a t  Asperg i l lus  fumiaatus was r e a d i l y  i s o l a t e d  

from compost p i l e s  (100 t o  6.1 x colony forming u n i t s  per  gram dry  

weight) and i n  a i r  a?ound the  cornposting s i t e ,  Clark e t  a1 (289 

evaluated t h e  r e s u l t s  of c l i n i c a l  and s e r o l o g i c a l  f i nd ings  of 173 

workers a t  a sewage sludge composting f a c i l i t y .  Of the  173 employees, 

one worker developed an ear i n f e c t i o n  caused by Asperg i l lus  n i a e r ,  and 

changes were a l s o  observed on t h e  employee's chest X-ray. Lundholm and 

Rylander (29) have repor ted  t h a t  fou r  of 11 workers developed c l i n i c a l  

symptoms of nausea, headache, and diarrhea a t  a compost p l a n t  processing 

both MSW and sludge. These au tho r s  suspected t h a t  t h e  high l e v e l s  of 

gram-negative bacteria (25,000 t o  5OO,OOO CFU/m3) o r  endotoxins were 

respons ib le  f o r  t h e  symptoms. 

Dutkiewicz (31,32) repor ted  r e s u l t s  of  a thorough study on 

a g r i c u l t u r a l  fac i l i t i es .  Concentrations as high as 1.3 x were 

found i n  g r a i n  handling areas; t h e  predominant a i rbo rne  microorganism 

was t h e  gram negat ive  bacteria Erwinia herb ico la .  Dutkiewicz examined 

the  r e s u l t s  of immunologic tests on 336 workers a t  g r a i n  p l a n t s ,  550 

r u r a l  i n h a b i t a n t s  and 314 p a t i e n t s  with d i f f e r e n t  r e s p i r a t o r y  diseases. 

The r e s u l t s  i nd ica t ed  t h a t  a g r i c u l t u r a l  workers exposed t o  high l e v e l s  

of  dust-borne bacteria showed a p o s i t i v e  immunological response t o  the 

bacteria. Dutkiewicz concluded that the  bacterial a l l e r g y  was 

i d e n t i f i e d  with asthma and t h a t  i n  an  a g r i c u l t u r a l  environment, 

b a c t e r i a l  agen t s  may be respons ib le  f o r  allergic diseases. Lacey e t  a1 

(30) repor ted  t h a t  farmer's lung  disease was caused by t h e  repeated 

exposure t o  high l e v e l s  of  spores  o f  thermophilic actinomycetes. 
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Salvaggio e t  a1 (33) repor ted  t h a t  t h e  sera of  sugar  cane workers 

showed a high percentage of p r e c i p i t a t i n g  an t ibod ie s  t o  thermophilic 

actinomycetes growing i n  bagasse. These actinomycetes may cause t h e  

acute  disease, bagassosis.  Kleyn e t  a1 (34)  described mushroom workers' 

lung disease which is similar t o  farmers' lung disease. Haglind e t  a1 

(35) inves t iga t ed  the  prevalence o f  byss inos i s  and chronic  b r o n c h i t i s  i n  

Swedish co t ton  mills. O f  t h e  248 employees interviewed, 19% repor ted  

symptoms of  l i g h t  byss inos is .  Haglind e t  a1 found a p o s i t i v e  

c o r r e l a t i o n  between t h e  incidence o f  byss inos i s ,  the  number of  a i rbo rne  

v i a b l e  gram-negative bacteria, and the  dus t  l e v e l  i n  t h e  m i l l s .  

Resul t s  o f  a NIOSH (Nat iona l  I n s t i t u t e  of  Occupational Sa fe ty  and 

Heal th)  supported study a t  MSW recovery fac i l i t i es  w a s  r e c e n t l y  repor ted  

by F ie tcher  e t  a1 ( 3 6 )  as follows: 2. aureus and 5. pneumoniae were 

recovered as high as 10 t o  10 CFU/m3. Other organisms recovered were: 

Mycobacterium no t  t ube rcu los i s ,  Nocardia spp., Streptomyces spp., 

Salmonella spp., Asperg i l lus  fumigatus, and A. f l avus .  I n  the d ra f t  

summary r e p o r t  o f  t h i s  N I O S H  s tudy ,  Mansdorf e t  a1 (37) repor ted  on 

i l l n e s s e s  a t  f i v e  MSW handling faci l i t ies :  (i) s e v e r a l  cases of  s k i n  

rashes occurred a t  f a c i l i t y  B, wi th  the  number of employees varying 

between 20 and 60; the cause of  the  s k i n  r a shes  was not  s ta ted,  (ii) a t  

f a c i l i t y  C ,  one worker o u t  of  61 repor ted  an  i n f e c t i o n ;  the  cause was 

no t  repor ted ,  (iii) a t  f a c i l i t y  D,  one worker o u t  o f  11 repor ted  

r e s p i r a t o r y  d i f f i c u l t y ,  ( i v )  a t  f a c i l i t y  E ,  t h e  number o f  employees 

var ied  between 75 and 96 employees; no i l l n e s s e s  were repor t ed ,  and (v )  

a t  f a c i l i t y  F t h e r e  were no i l l n e s s e s  repor ted  among 85 employees. Data 

were no t  a v a i l a b l e  f o r  f a c i l i t y  A .  
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Levels of  a i rborne  microorganisms within municipal s o l i d  waste 

handling fac i l i t i es  vary dramatical ly  as t h e  prel iminary r e p o r t s  by 

var ious i n v e s t i g a t o r s  (38-39) and the  work by the A m e s  Laboratory (40,  

41)  have shown. The l e v e l s  o f  a i rborne  organisms var ied from t o  

CFU/m3. These l e v e l s  were genera l ly  two t o  three o rde r s  of 

magnitude higher than those recovered a t  o the r  l oca t ions ,  such as 

enclosed shopping malls arid parks. 

The l e v e l  of a i rborne  microorganisms has been found t o  vary 

considerably among loca t ions  in s ide  M S W  faci l i t ies .  Duckett 's  r epor t  

(42 )  ind ica ted  dramatic d i f f e rences  i n  counts between d i f f e r e n t  sampling 

s i t e s  i n  the  NCRR f a c i l i t y .  In s ide  t h e  processing area of the Ames 

MSWRS (431, t h e  s ta t i s t ica l  mean of  the  log transform of  counts o f  t o t a l  

aerobic  b a c t e r i a  and fungi co l l ec t ed  w i t h  the  Anderson impactor was 7.5 

X 10'' - + 2.6 x Levels of t o t a l  aerobic  bac te r i a  and fungi  

co l l ec t ed  wi th  t he  impactor i n  the con t ro l  room of the Atlas s to rage  bin 

were similar t o  the  l e v e l s  found i n s i d e  the  processing area. Counts 

CFU/m3. 

recovered from the  a i r  of the t i pp ing  f loo r  and entryway were 

approximately one order  of  magnitude lower. Since a i r  samples were 

co l l ec t ed  before  and after the  i n s t a l l a t i o n  of dus t  control  equipment 

over the processing c i r c u i t ,  the  e f f ec t iveness  of the d u s t  control  

equipment could be measured. The reduct ion i n  l e v e l s  of t o t a l  aerobes 

co l l ec t ed  wi th  the impactor i n s i d e  t h e  processing area of the  Ames MSWRS 

was 82%. Levels of fungi ,  and of  t o t a l  and fecal col i forms co l l ec t ed  

were reduced 81, 48 and 63% respec t ive ly .  

The l e v e l  of  a i rborne  microorganisms var ied  w i t h  the s t a t u s  of 

f a c i l i t y  operat ion.  After  t he  i n s t a l l a t i o n  of dust  con t ro l  equipment 
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and when the  processing c i rcu i t  was not  opera t ing  i n  the  Ames f a c i l i t y  

( 4 3 ) ,  t o t a l  aerobes obtained wi th  a l l  glass impingers averaged 1.5 x 

lo+' - + 5.2 x lo+'. When t h e  processing c i r c u i t  was opera t ing ,  impinger 

counts averaged 1 * 4  x + 6.6 x CFU/m3. S imi l a r ly ,  Duckett 

reported orders  of magnitude d i f f e rences  i n  counts  when the  NCRR 

f a c i l i t y  was processing s o l i d  waste and when it  was not.  

- 

Counts of microorganisms indica ted  a seasonal  pe r iod ic i ty .  The 

h ighes t  l e v e l s  of  microorganisms were recovered from Ju ly  through 

September and the  lowest l e v e l s  of microorganisms were recovered from 

January through March of  each year.  

I n  the  Ames MSWR s tudy (431,  a i rborne  fungi  i d e n t i f i e d  and counted 

during t h e  period from J u l y ,  1978 through August, 1979 showed t h a t  

Aspergi l lus  spp. were the  most preva len t  fungi ,  w i t h  A. fumigatus and 4. 

f l avus  occurr ing a t  a frequency of 100% and a t  l e v e l s  between and 

- lo+' CFU/m 3 A. fumigatus was t h e  predominant spec ie s  w i t h  A. f l avus ,  A. 

nidulans o r  A. n ige r  t he  other most predominant species .  Species  of 

Penici l l ium occurred f requent ly  but a t  lower l e v e l s ,  CFU/m3. 

Opportunis t ic  phycomycetes such as Absidia  sp. and Mucor sp .  were 

recovered a t  a lower frequency. 

A t  the Ames M S W  f a c i l i t y ,  microbiological  types  exhib i ted  a high 

degree of  v a r i a b i l i t y  between test  runs. O f  ae robic  bacteria, 50-805 of 

the bac te r i a  present  were Bacillus spp., w i t h  Corynebacterium spp., 

Micrococcus spp., Staphylococcus spp., and Pediococcus spp. ranging from 

one t o  four  percent.  

I n  any a i r  q u a l i t y  s tudy,  p a r t i c l e  s i z i n g  information is important 

I 

i 
E 

to  determine p o t e n t i a l  r e s p i r a t o r y  t ract  penetrat ion.  Particle 
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penet ra t ion  ( 4 4 )  v a r i e s  between ind iv idua l s  and with a c t i v i t y  but  

genera l ly  lung penet ra t ion  inc reases  w i t h  a decrease i n  p a r t i c l e  s i z e  

down t o  0.5 microns. The s i z i n g  d i s t r i b u t i o n  of v i ab le  p a r t i c u l a t e s  

i n s i d e  the  processing area of the Ames MSWRS (43) was. determined wi th  

the  Anderson impactor. Forty four  percent  of the  p a r t i c l e s  were 

co l l ec t ed  on stages wi th  a 50% e f f e c t i v e  cut-off diameter of less than 

4.7 microns. Fungi were inf requent ly  recovered on par t ic les  less than 

2.1 microns but  b a c t e r i a  such as Staphylococcus aureus were regu la r ly  

recovered on particles as small as 0.65 t o  1.1 microns. 

Assessment of the human hea l th  r i s k s  assoc ia ted  wi th  

microbiological  ae roso l s  a t  municipal s o l i d  waste processing fac i l i t i es  

is d i f f i c u l t  because of i nca l cu lab le  variables assoc ia ted  wi th  human 

r e s i s t a n c e  and exposure rou te s ,  and the  many unknowns r e l a t i n g  t o  

v i a b i l i t y  of the  pathogens present .  It is apparent t ha t  i n t e r p r e t a t i o n  

of  microbiological  a i r  q u a l i t y  data must be done ca re fu l ly .  No 

microorganism o r  group of microorganisms have received acceptance as the  

ind ica top  organisms f o r  microbiological  a i r  pol lu t ion .  No processing 

techniques f o r  a i r  samples of microorganisms have received acceptance as 

standard methods. Recently, ASTM subcommittee E38.07 voted t o  accept  a 

"standard practice f o r  sampling a i rborne  microorganisms i n  and around 

municipal s o l i d  waste f a c i l i t i e s " .  The s tandard procedures included i n  

the  ASTM practice were reviewed o r  developed a t  the A m e s  Laboratory. 

The p rec i s ion  of t he  sampling methodolgy for the  practice was determined 

a t  t h e  Ames Laboratory (41).  

I n t e r s  tudy comparisons are also complicated by o the r  f a c t o r s  which 

must be considered i n  a hea l th  r i s k  assessment, v i ru lence  of  the  

- 57 - 



microorganism and host susceptibility (45). Because a viable pathogenic 

organism is recovered from the air does not necessarily indicate the 

organism is capable of producing an infection or disease. The 

susceptibility of the host is also an important parameter in determining 

whether an infection will result from inhalation or ingestion of one or 

more microorganisms. 

The results of the Ames study provide order-of-magnitude estimates 

of the numbers and types of bacteria and fungi that are disseminated in 

aerosols in a MSWRS in all seasons and during all stages of facility 

operations. Efforts to estimate inhalation doses of viable particulates 

remain to be made and compared to other studies. At this stage, only 

very general conclusions can be drawn, as follows: (i) during 

processing of MSW, particulates are generated which contain genera and 

species of microorganisms capable of upper and lower respiratory tract 

deposition; (ii) opportunistic bacteria and fungi are present in the 

air of a MSWRS; (iii) airborne microbiological types may vary because 

of the composition of MSW, processing activity at the facility, 

meteorological conditions, geographic location, and air sampling devices 

and sample processing techniques used. Furthermore, the following 

recommendations are warranted: (i) there is a need for continued 

surveillance of the health status of personnel in MSW handling 

facilities and a need for maintaining accurate medical records, (ii) 

the use of good hygienic practices should be encouraged (iii) the dust 

collection equipment should be kept in optimal working conditions and 

(iv) potential workers should be carefully examined for a history of 

health problems likely to be exacerbated by such workplace conditions. 

P 
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PUBLIC AND ENVIRONMENTAL HAZARDS 

Limi ta t ions  of Available 

Environmental emiajion s t u d i e s  of  co- f i r ing  opera t ions  have been 

conducted and data published f o r  only three d i f f e r e n t  s i t e s ,  

Unfortunately,  a combination o f  d i f f e r e n t  opera t ing  condi t ions ,  and 

sampling and a n a l y t i c a l  problems has r e su l t ed  i n  d isappoin t ing ly  small 

amount of useable data and an even smaller amount t h a t  has  been v e r i f i e d  

a t  more than one s i t e .  For example, t h e  data are not  of s u f f i c i e n t  

quan t i ty  and q u a l i t y  t o  c o n s t i t u t e  a s t a t i s t i c a l l y  v a l i d  data base. The 

need for such a s t a t i s t i c a l l y  v a l i d  data base is even more apparent when 

the v a r i a t i o n s  i n  t y p e s  of b o i l e r ,  t h e i r  co- f i r ing  condi t ions ,  and the  

na ture  of  t he  RDF f u e l  a r e  considered. 

Following is a b r i e f  s i t e  by s i t e  a n a l y s i s  of s i g n i f i c a n t  f a c t o r s  

t h a t  may have a f f ec t ed  data qua l i ty .  

Maryland Correct ional  I n s t i t u t i o n  

Densified RDF was co-fired i n  a r e l a t i v e l y  small, i n s t i t u t i o n a l  

stoker-fired bo i l e r .  This u n i t  was operated a t  30% of rated capac i ty ,  

which brought b o i l e r  e f f i c i e n c i e s  down from a normal 75 t o  80% range t o  

50% range. This  is  not a s tandard opera t ing  range and r e su l t ed  i n  

atypical ash compositions and mass flows (percentage of bottom ash  vs. 

f l y  a sh ) .  Also, t h i s  u n i t  d i d  not  have an ESP. Mechanical c o l l e c t o r s  

exh ib i t  d i f f e r e n t  emission rates than ESPs. 
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City of  Ames 

Test ing was conducted a t  Ames on u n i t s  5 & 6 ( s toke r  f i r e d  u n i t s )  

and on u n i t  f 7  (suspension f i r e d )  after t h e  i n s t a l l a t i o n  of a dump 

grate. Changes i n  operat ion and f i r i n g  techniques s ince  the  sampling on 

u n i t  #7 was completed i n  1978 leads t o  the conclusion t h a t  the  data 

co l l ec t ed  from t h i s  u n i t  may not be r ep resen ta t ive  of  what is now a 

t y p i c a l  opera t ing  mode a t  the Ames processing & power p l an t .  TSP 

measurements which were run a f t e r  the  1978 tests on which trace element 

data was reported,  showed a s i g n i f i c a n t  decrease i n  s t a c k  emissions 

whi le  burning 18% RDF a t  100% load. Th i s  change is possibly 

a t t r i b u t a b l e  t o  the  moving of  t he  RDF f i r i n g  nozzles  t o  below the coa l  

f i r i n g  nozzles.  F u r t h e r ,  a decrease i n  the  lead content  of f l y  ash from 

1200 ppm t o  600 ppm from 1978 t o  1980 i n d i c a t e s  that  e i ther  improved 

operat ion of  the  RDF processing f a c i l i t y  o r  changes i n  r e fuse  (e.g., the 

new Iowa conta iner  depos i t  law) may have s i g n i f i c a n t l y  a f f ec t ed  t h e  lead 

content  of RDF. 

Trace element a n a l y t i c a l  data provided on u n i t  #7 s t ack  p a r t i c u l a t e  

was taken from p a r t i c u l a t e  f i l t e r s  only and d i d  not  include the  

pre-fi l ter  cyclone catch which was too  small f o r  ana lys i s .  This  cyclone 

catch is known t o  be of  a larger particle s i z e .  Because c e r t a i n  t r a c e  

metals tend t o  be enriched on the smaller p a r t i c l e s ,  t h e  results 

probably overest imate  the  emission rates f o r  c e r t a i n  v o l a t i l e  (Cd, Pb, 

r 

C 
c 

C r ,  A r ,  etc.) trace metals. 
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S t .  Louis Union Electric 

Some sampling loca t ions  chosen i n  the  S t .  Louis s tudy were l e s s  

than optimum and v io l a t ed  s tandard EPA stack sampling c r i t e r i a  f o r  

ob ta in ing  r ep resen ta t ive  s t a c k  samples of  emissions. I n  add i t ion ,  the 

trace element ana lyses  data on stack samples was taken during coal/RDF 

f i r i n g  a t  110% o r  more of b o i l e r  load. The particulate emissions rates 

a t  these  higher b o i l e r  loads were propor t iona te ly  much higher  than a t  

80% load amd decreased ESP performance is l a r g e l y  respons ib le  f o r  these 

increases .  As a r e s u l t ,  trace element data taken a t  these higher  b o i l e r  

loads  may not be r ep resen ta t ive  of day-to-day operat ion.  

Emissions from RDF/Coal Co-firing F a c i l i t i e s  

Halogen Emissions 

The p r i n c i p l e  ha l ides  seen i n  stack emission tests are ch lo r ides  

and f luor ides .  The lat ter arises p r i n c i p a l l y  from minerals  and salts  i n  

the coa l  ash which can vary over two o rde r s  of magnitude among d i f f e r e n t  

coa l s  (46) .  HDF does not con t r ibu te  s i g n i f i c a n t l y  t o  f l u o r i d e  emissions 

when compared t o  coa l  a lone as seen i n  Table  16. Chlorides occur i n  

coa l  over a range of  0 t o  0.5% (46) with t y p i c a l  values  ranging from 

0.02 t o  0,155 by w t .  (47) ;  about one t e n t h  t o  one one hundreths the 

s u l f u r  content .  

Compared t o  coa l ,  RDF has a chloride content  ahout an order  of  

magnitude g r e a t e r  (47 ) .  Much of the ten-fold increase  i n  emissions o f  

ch lor ide  seen when RDF is burned (Table  161, results from v iny l  ch lor ide  

o r  similar plastics i n  the  MSW. 
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Stack emissions tests a t  the  Ames f a c i l i t y  show most of  t h e  

ch lor ine  emitted as hydrochlor ic  acid when RDF is burned. The fate of 

t h i s  HCL, ie. i ts reac t ions  i n  t h e  plume and the  atmosphere is not  

known. Compared t o  t h e  s u l f a t e  acid anion, which r e s u l t s  from s u l f u r  

oxide emissions,  HCL emissions from RDF/coal is about two orders  of 

magnitude less per  u n i t  of  energy (47) (Table  16).  

E 

Criteria P o l l u t a n t s  

Criteria p o l l u t a n t  emissions data are l i s t ed  i n  Table  16 f o r  tests 

conducted a t  the A m e s ,  IA f a c i l i t y  during 1976, 1977, 1978, and 1981. 

Also, some data are l i s t e d  f o r  test  a t  Columbus, Oh, Wright Pa t te rson  

AFB, and St.  L o u i s ,  MO facil i t ies.  

The co- f i r ing  fac i l i t i es  projected t o  operate i n  1990 were 

categorized as: (1) those designed f o r  co- f i r ing  o r  opera t ing  according 

t o  the  cu r ren t  NSPS (New Source Performance Standards) ;  and (2 )  

fac i l i t i es  modified f o r  co- f i r ing  and complying w i t h  s tandards less 

s t r i n g e n t  than NSPS. The t o t a l  capac i ty  of f a c i l i t i e s  designed t o  meet 

NSPS were estimated t o  range from 10,017 t o  13,392 TPD i n  1990. Also, 

t he  t o t a l  design capac i ty  of fac i l i t i es  r e t r o f i t t e d  t o  co - f i r e  RDF and 

coa l  would range from 9,417 t o  12,792 TPD i n  1990. 

The c r i t e r i a  p o l l u t a n t  emissions from co- f i r ing  facil i t ies designed 

t o  meet NSPS were assumed not t o  vary s i g n i f i c a n t l y  from emissions of 

comparable f ac i l i t i e s  designed and operated as coa l  only p lan ts .  

The changes i n  emissions of criteria p o l l u t a n t s  from RDF/coal 

fac i l i t i es  r e t r o f i t t e d  f o r  co- f i r ing  when compared t o  coa l  only f i r i n g  

are l i s t ed  i n  Table  17 fo r  the  A m e s ,  I A  and S t .  Louis, MO faci l i t ies .  

i 

n 
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TABLE 16 

Criteria Pollutant Emissions from RDF/Coal Co-firing (8,9,10,48,50) 

109 J/Hr 
Units SO NO, TSP c1 F Boi ler  Heat Input $ Load Coal/RDF Date 

asXS02 a s  NO2 

h e  s 334 80% lGO/O 1978 g/SCn 6.03 0.89 0.21 
47 g/s 265 34.6 8.0 

g/mJ 2.93 0.381 0.09 0.0046 

17 

11 

16 

46 

15 

15 

Columbus High s. 
Ohio O W 1  
stoker- 
f i r e d  

Yrigh t 
Patterson 
AFB densipled 
atoker- RDF 
f i r e d  

S t .  Louis 

80% 80/20 i w a  g/scn 4.82 0.85 0.40 
g/s 183 32.4 15.31 
g/mJ 1.93 0.340 0.16 

80s 100/0 1981 g/SCH 
61s 
g/mJ 

80s 80/20 1981 g/SCH 
818 
S/mJ 

g/S 61 8.2 
g/mJ 1.41 0.206 

80s 100/0 1976 g/SCH 3.06 0.43 

50150 1976 g/SCM 1.52 0.31 
g/s 33 6.6 
g/mJ 0.79 0.162 

802 100/0 1917 g/SCM 3.82 0.33 
g/s 61 5.2 
g/mJ 1.96 0.167 

50150 1977 g/scu 2.02 0.256 

g/mJ 1.48 0.134 
g/s 46 4.3 

100/0 
80/20 

100/0 

2:l vo1. 

90% 100/0 

110% 92/0 

g/SCH 6.1 0.42 
g/sw 3.1 0.36 

1.02 
20 
0.49 

1.78 
38 
0.93 

1.58 
25 
0.80 

1.95 
33 
1 .a2 

$/SUI 1.1 0.44 
g/s 9.0 4.5 

g/SCU 0.46 0.32 
g/a 4.9 3.0 

g/HJ 1.2 0.22 0.07 
81s 

g/MJ 1.2 0.18 0.135 
g/s 

0.0403 

0.0057 0.013 
0.28 0.63 
0.003 0.006 

0.11 0.014 
6.2 0.78 
0.050 0.006 

0.006 

0.088 

0.013 

0.097 

0.023 
0.059 

0.0015 
0.42 

O.CO25 
0.89 
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These data were der ived from c r i t e r i a  p o l l u t a n t  emissions reported i n  

Table 16 . Numerous f a c t o r s  in f luence  the  change i n  emissions when 

co- f i r ing  RDF and coal .  The percent o f  RDF, type of  coal, and type and 

e f f i c i ency  of emission con t ro l  device are among the most important 

f ac to r s .  

S u l f u r  oxide emissions are reduced when co- f i r ing  RDF and coa l  due 

t o  the low s u l f u r  content  of  RDF (usua l ly  less than 0.50% S) when 

compared t o  even low s u l f u r  coa l  (16).  The reduct ions o f  s u l f u r  oxide 

emissions are g r e a t e s t  when high s u l f u r  coa l  is d isp laced  by RDF. 

Sul fu r  emission reduct ions  of  up to  468 were measured when co- f i r ing  50% 

RDF w i t h  a mixture of Iowa and Wyoming coa l  ( s u l f u r  content  1.73%) when 

compared t o  Iowa/Wyoming coal alone ( s u l f u r  content  3.06%). 

Nitrogen oxide emissions are, t o  a large degree, dependent upon the  

amount of excess a i r  and temperature i n  t h e  boiler. The data i n  Table 

17 i n d i c a t e  a decrease of up t o  20% i n  n i t rogen  oxide emissions when 

co- f i r ing  RDF and coa l ,  as compared t o  coa l  only. 

To ta l  suspended particulate (TSP) emissions are dependent upon type  

of  f u e l ,  percent  ash  content  of the  f u e l  and type and e f f i c i ency  of the 

emission con t ro l  device. Table 17 shows tha t  the largest absolu te  

increase  i n  TSP emissions were measured f o r  the s toker  f i r e d  u n i t s  a t  

A m e s ,  which a r e  equipped wi th  low e f f i c i e n c y  mechanical c o l l e c t o r s .  The 

suspension f i red b o i l e r s  a t  Ames and St. Louis are equipped with ESPs 

and as such have greater c o l l e c t i o n  e f f i c i ency  than the  mechanical 

cyclone c o l l e c t o r s .  The absolu te  increase  i n  TSP emissions from t h e  

suspension-fired b o i l e r s  a t  A m e s  and St. Louis are considerably less 

than t h e  increase  a t  s toker - f i red  b o i l e r s  (0.05 t o  0.065 g/MJ f o r  

suspension-fired compared t o  0.22 t o  0.44 g/MJ f o r  s toke r - f i r ed ) .  

Q 

P 
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TABLE 17 

Critieria P o l l u t a n t  Emission Changes (RDF/Coal - Coal only) 7 

I SOx ( a s  so2) 
Emissions Change Fuel  

% (CoaURDF) Coal Change 
RDF gfiJ % S u l f u r  S u l f u r  Sulfur 

3 
7 

7 

Stoke r  
F i r e d  

Ames P5 50% -0.48 -24% , 1.86% 3.46% -45% 

Ames 86 50% -0.68 -46% 1.73% 3.06% -43% 
Suspension 
F i r e d  

Ames #7 20% -1 .oo -34% 2.30% 2.79% -16% 

St. Louis 8% 0.0 0% 1.30% 1.45% -10% 

NOx (as NO2) 

Emissions Change Fue l  

% (Coal/RDF) Coal % Change 
’ RDF g/HJ % Nitrogen Nitrogen Nitrogen 

S toke r  
F i r e d  

Ames 95 50% -0.033 -20% NA * NA NA 

AMES 86 50% -0.044 -21% NA NA NA 
Suspension 
F i r e d  

Ames 87 20% -0.041 -11% 0.83% 1.00% -17% 

St.  Louis 8% -0.04 -18% 1.43% 1.55% -8% 

Total Suspended P a r t i c u l a t e  

Emissions Change Fue 1 

(Coal/RDF) Coal % Change % 
RDF g f i J  % Ash Ash Ash 

- 
Stoke r  
F i r e d  

Ames t 5  50% +0.22 +28% 13.29% 11.62% +14% 

dmes 86 50% +0.444 +go% 13.442 11.73% +15% 

b e s  87 20% +0.05 +55% 10.41% 9.74% +7% 

St. Louis 8% +0.065 +93% 8.20% 6.83% +20% 

Suspension 
F i r e d  

a - Not Ava i l ab le .  
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The r e l a t i v e  increase  of  TSP emissions f o r  both the  s toke r  f i r e d  

and the  suspension f i red  tests reported i n  Table 16 and and 17 shows 

near ly  a two-fold increase  when RDF rep laces  10% t o  50% of the  coal.  

For p ro jec t ing  the  emissions i n  1990 from coa l  f i r e d  b o i l e r s  

r e t r o f i t t e d  f o r  RDF co- f i r ing  wi th  coa l ,  the following assupmtions were 

made : 

1. Projected design c a p a c i t i e s  t o  range from 9,400 t o  12,800 TPD. 

2. A 60% capac i ty  factor t o  y i e l d  2,06 t o  2.80 mi l l i on  tons  per  

year e 

3. A 75% conversion of the incoming BTUs (@ 4500 BTUs/lb)  t o  RDF 

f u e l  y e i l d  1.4 x t o  1.89 x mi l l i on  BTUs (MM BTUs).  

4. A coal/RDF mixture of 80% coal/ 20% RDF y i e l d  a t o t a l  number of 

BTUs ranging from 7.0 x t o  9.45 x mi l l i on  BTUs (0.9-1.2 

GW(e)/yr) 

5. A decremental range of 0.0 t o  -2.33 lbs/MM BTUs of  s u l f u r  oxide 

emissions change (as l i s t e d  i n  Table  17) t o  y i e ld  a s u l f u r  oxide 

emission decrease of 0.0 t o  110,092 tons  by 1990. 

A range of NOx emission changes as l i s t e d  i n  Table 17, t o  y i e l d  a 

decrease of NOX emission by 2,695 t o  4,820 tons  per  year. 

A TSP emission increase  by 4,060 t o  48,384 per year. 

6. 

7. 

Criteria Po l lu t an t  Health Considerations 

The na t iona l  heal th  impact of  a i r  emissions a r i s i n g  from RDF/Coal 

co-combustion faci l t ies  is related to  the  change that t h i s  technology 

produces i n  t he  c r i t e r i a  p o l l u t a n t  budget. I n  t he  case of  s u l f u r  

dioxide,  t he  mor ta l i ty  f i g u r e s  are based on s u l f a t e  as the  sur roga te  

- 66 - 

E 
L 

E 

c 

5 
i 
c 

e 
5 



. 

-B 

cs 

0. 

e 

compound. As i nd ica t ed  above, employing refuse-derived f u e l  as an 

energy source has a p o t e n t i a l  f o r  reducing s u l f u r  dioxide emissions i n  

t h e  range of  0 t o  100,000 tons  pe r  year. When compared t o  the  

30,000,000 metric tons  pe r  year r e s u l t i n g  from a14 emission sources ,  

t h i s  is less than 0.4%. The effect of  t h i s  0.4% on the range of  25 t o  

50 micrograms o f  s u l f a t e  per  cubic  meter found i n  32 urban s i t e s  is t o  

reduce it from roughly 0.2 t o  0.3 micrograms per  cub ic  meter. 

The m o r t a l i t y  rate from s u l f a t e  ae roso l  as i n t e r p r e t e d  by both 

Wilson and Hamilton (7 ,49)  from the  o r i g i n a l  data of Lave and Seskin is 

roughly 3.5 dea ths  per  lo5 persons per  microgram of  s u l f a t e .  A s t r a igh t  

ex t r apo la t ion  of  0.2 t o  0.3 micrograms s u l f a t e  pe r  cubic  meter decrease 

due t o  RDF f i r i n g  would reduce the  m o r t a l i t y  f i g u r e  i n  the  area of one 

dea th  per  10 persons. 5 

‘In t h e  case of t o t a l  suspended p a r t i c u l a t e s  ( T S P ) ,  t h e  change due 

to  RDF f i r i n g  w i t h  c o a l  is expected t o  inc rease  i n  the  range of  4,000 t o  

48,000 tons  per year by 1990. T h i s  r ep resen t s  less than  0.4% of TSP 

emissions n a t i o n a l l y  from a l l  sources.  The characterist ics such as  

p a r t i c l e  s i z e ,  l e v e l s  of t o x i c  organic  matter and trace element conten t  

in f luence  the degree of heal th  hazard. These ,are  cons ide ra t ions  which 

cannot be evaluated i n  t h e  absence o f  adequate data,  hence i t  is not  

poss ib l e  t o  c h a r a c t e r i z e  the  hea l th  impacts of  the  small f r a c t i o n  l i k e l y  

t o  con t r ibu te  t o  n a t i o n a l  ambient l e v e l s .  

= I n  the  case of  n i t rogen  oxides,  the  change i n  emission budgets 

r e s u l t i n g  from RDF/Coal f i r i n g  ranges from a decrease of 2700 t o  4820 

t o n d y e a r .  T h i s  decrease r ep resen t s  a range of 0.01% t o  0.02% change i n  

the n a t i o n a l  n i t rogen  oxide emission budget and is, f o r  a l l  purposes, 
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insignificant. In summary, then, the technology of RDF/Coal combustion 

in the future indicates an immeasurable effect of criteria pollutants 

when compared to epidemiological data currently available. P 
Trace Element Emissions 

The emission of potentially toxic trace elements from the 

co-combustion of coal and RDF depends on the concentration of these 

elements in the fuel mixture, the nature of the combustion process, the 

characteristics of the boilers fuel feed, and the particulate collectors 

employed in emission control. 

In the case of the refuse derived fuel employed in this process, 

Table 18 indicates the enrichment relative to coal of certain of these 

elements. Lead, zinc, chromium and copper are approximately 30 times 

more concentrated in RDF than in coal, while antimony, manganese, 

molybdenum and tin are two to three times as concentrated. On the other 

hand, certain elements such as arsenic, boron, beryllium, cobalt, nickel 

and vanadium are found in lower concentrations in RDF than in coal. 

Factors which influence the stack emissions of toxic trace elements 

are related to the percent of the total ash which reaches the stack, the 

particle size of the stack ash and the efficiency of the collection 

device. In addition to these general factors, each trace element has 

physical-chemical characteristics which influences its route of passage 

to bottom ash, fly ash and stack. 

The upper limit or '*worst case" toxic trace element emissions is 

evident in the incineration of municipal solid waste. Greenberg et a1 

(16) have indicated in their studies on three incinerators located in 
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TABLE 18 

Concentrations of Elements in Coal and the Combustible Fraction of Urban 
Refuse (Typical Values in Parentheses) (46) 

Major Elements 
(conc. in pct.) 

Urban 
Refuse Coal 

Aluminum 
Chlorine 
Iron 
Sulfur 
Zinc 

Minor Elements 
(conc. in ppm) 

0.3-1.6 (1.1) .1-2.O (014) 
.3-1.5 (0.4) 0-.1 (.01) 
.05-.7 (0.2) .01-1.0 (0.1) 

.1-.3 (0.2) .1.-2.5 (1.2) 
.04-,8 (0.1) .001-. 10 (-003) 

Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Cobalt 
Copper 
Lead 
Manganese 
Mercury 
Nickel 
Silver 
Vanadium 

20-80 (45) 
LT 3 

35-100 (50) 
LT 2 
3-70 (15) 

10-175 (30) 
2-l? (5) 

30-450 (195) 
110-1,300 (230) ' 

50-480 (85) 

4-50 (15) 

5-70 (15) 

- 
-1-16 (2) 

1-1, 800 (20) 
1-70 (45) 

20-1,600 (80) 
-4-90 (25) 
-2-5 (0.5) 

-3-400 (1  ) 
03-135 (25) 
1-180 (7) 
1-100 (7) 

20-240 (25) 
.07-.6 (.15) 
3-900 (65) 
-01-8 (0.2) 
2-80 (20) 
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the  Washington, DC area what t he  range of emission r a t e s  are f o r  t ox ic  

elements such as lead, cadmium, z inc ,  copper, and o thers .  They ind ica t e  

i n  t h e i r  r epor t  t h a t  the  ground concentrat ions i n  the v i c i n i t y  o f  these 

inc ince ra to r s  can reach l e v e l s  which can be considered hazardous t o  

human hea l th .  Part of t he i r  explanat ion f o r  the high l e v e l  of  emissions 

is t h e  unusually high stack gas temperatures which maintain many of 

these  elements i n  a v o l a t i l i z e d  form and favor t he  emissions by way of  

t he  s t ack  t o  t h a t  of  p r e c i p i t a t i o n  as bottom ash o r  c o l l e c t i o n  i n  f l y  

ash. 

Table 19 shows data obtained f o r  the suspension f i red  b o i l e r  a t  t he  

A m e s  powerplant. From these data it is evident  t h a t  t h e r e  is a marked 

increase  i n  t he  percent  of bottom ash when the  RDF/coal mixture is  

f i red ,  and a t  the same time, a s l i g h t  decrease i n  t h e  percent  of f l y  

ash. It is apparent ,  however, that  the percentage decrease i n  f l y  ash 

is not  s u f f i c i e n t  t o  overcome the  effect of  t o t a l  ash inc rease  wi th  the  

RDF/Coal mixture. The u l t ima te  important cons idera t ion  is the  absolu te  

increase  i n  s t ack  ash which almost doubles when coal/RDF is burned under 

the  same b o i l e r  load. 

Although the  data a r e  l i m i t e d ,  an estimate was made i n  Table 19 of 

t h e  ash d i s t r i b u t i o n  i f  the  f u e l  were 100% RDF. I f  t h i s  were the  case, 

i t  is evident  t h a t  stack ash loadings would inc rease  f i v e  o r  s i x  times 

over t h a t  of coa l  alone. This is an important cons idera t ion  i n  

r e t r o f i t t i n g  coa l  f i red p l a n t s  f o r  RDF combustion i n  as much as the  

e x i s t i n g  c o l l e c t o r s ,  whether they are cyclones or ESPs, w i l l  be l i k e l y  

overloaded with simply moderate percentages of  RDF. It should be 

emphasized tha t  on a BTU basis, the  cont r ibu t ion  of ash by RDF is more 
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than twice t ha t  of  coal .  
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Changes i n  t he  particle s i z e  d i s t r i b u t i o n s  of  t he  f l y  ash when it  

reaches the  ESP o r  cyclone c o l l e c t o r  is another  very important 

considerat ion.  I n  the  case of  cyclone c o l l e c t o r s ,  as reported by 

Radian, (46) t he  c o l l e c t i o n  e f f i c i ency  f o r  p a r t i c l e  s i z e s  of ten  microns 

is 858, but less than 20% f o r  particle s i z e s  of one micron, and less 

than 5% f o r  p a r t i c l e s  smaller than 0.5 microns. 

While the  e f f i c i ency  of 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  is much better 

than cyclones,  they a l s o  have a dropoff i n  the small s i z e  range. I n  one 

r epor t  where coa l  was the  f u e l ,  a bi-phasic change i n  c o l l e c t o r  

e f f i c i ency  was noted (46). Above two microns an excess  of  99% 

c o l l e c t i o n  e f f i c i ency  was observed. Below two microns down t o  0.4 

microns, t h e  e f f i c i ency  of col lect ion dropped from 98 t o  90%. It then  

increased between 0.4 microns t o  0.1 micron, where it reached 97% 

e f f i c i ency .  A t  sizes lower than 0.1 micron down t o  0.01 micron, the  

e f f i c i ency  once again dropped from 97 t o  90%. 

The p a r t i c u l a t e  s i z e s  of  stack dus t  when RDF f u e l  was added t o  coa l  

were measured a t  the  St .  Louis Meremac powerplant (50). No effect on 

the  p a r t i c u l a t e  s i z e  range d i s t r i b u t i o n  when compared t o  coa l  only 

f i r i n g  could be discerned s t a t i s t i c a l l y ;  however, changes w i t h  excess 

b o i l e r  loads  d i d  occur. A t  t h i s  time no evidence, o ther  than the  St.  

Louis data a r e  ava i l ab le .  

S tudies  a t  t h e  S t .  Louis operat ion included e f f o r t s  t o  eva lua te  

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  performance. Characteristics which inf luence  

ESP e f f i c i ency  such as the r e s i s t i v i t y  of  p a r t i c u l a t e  and the  maximum 

ESP operat ing input  vol tage were monitored. While some changes were 

noted, no conclusive t r ends  i n  ESP performance could be seen i n  
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comparing c o a l  versus  RDF/coal mixtures. It was observed, however, t h a t  

c o l l e c t i o n  e f f i c i e n c i e s  f o r  small p a r t i c l e  s i z e s  between 0.01 and 0.1 

micron seemed t o  be more e f f i c i e n t  f o r  c o a l  than f o r  t h e  RDF mixtures. 

A t  equiva len t  energy inpu t s ,  t h e  RDF/coal mixtures produced an 

inc rease  i n  t h e  e f f l u e n t  gas flow rate over t h a t  of  coa l  alone. One of  

t h e  p r i n c i p l e  parameters l i m i t i n g  ESP performance is its des ign  flow 

rate. Therefore,  i t  is evident  t h a t  t h i s  cons idera t ion  is important i n  

i n s t a l l i n g  ESP f o r  RDF/coal combusiton, and a l s o  f o r  r e t r o f i t t i n g  

e x i s t i n g  c o a l  b o i l e r s .  

As summarized by Radian (471, t h e  r o l e  of  p a r t i c l e  s i z e  i n  

emissions of  p o t e n t i a l l y  t o x i c  trace elements becomes more important i n  

l i g h t  o f  observa t ions  which i n d i c a t e  t h a t :  (i) a much higher percentage 

o f  v o l a t i l e  trace elements are found on small p a r t i c l e s ;  ana (ii) 

sur face  enrichment of  v o l a t i l e  trace element occurs because of  the i r  

tendency t o  condense on stack particles.  The larger su r face  area of 

small p a r t i c l e s  i nc reases  the  p r o b a b i l i t y  of  enrichment per  u n i t  weight. 

I n  t h e i r  s t u d i e s  on p a r t i c u l a t e  emissions from i n c i n e r a t o r s ,  Greenburg 

e t  a1 (16)  estimated t h a t  75% of t h e  v o l a t i l e s  trace element mass 

occurbred on p a r t i c l e s  less than  two microns i n  diameter, well wi th in  the  

r e s p i r a b l e  range. 

A t  the  St .  Louis p l a n t  under coal/RDF f i r i n g ,  a n a l y s i s  o f  t h e  

p a r t i c u l a t e  load i n  t h e  ESP o u t l e t  duc t  with the  Anderson sampler showed 

t h a t  c e r t a i n  v o l a t i l e  trace elements were d i s t r i b u t e d  l a r g e l y  i n  t h e  

f i n a l  f i l t e r  stage, which cap tu res  p a r t i c l e  s i z e s  less than 0.3 microns. 

T h i s  f i l t e r  stage accounted f o r  only 1 t o  3% of  t h e  p a r t i c u l a t e  mass, 

but as  much as 45% of t h e  t o t a l  p a r t i c u l a t e  cadmium. Other elements 

A 
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found enriched a t  t h i s  s t a g e  were lead a t  13% and copper a t  70%. Lead, 

however, seems t o  be more evenly d i s t r i b u t e d  on the  var ious  Anderson 

s tages .  The ESP c o l l e c t o r  e f f i c i ency  f o r  particles i n  the  0.4 micron 

range under RDF/coal combustion was seen t o  range from 25 t o  70%, 

depending on b o i l e r  load. The average ESP c o l l e c t i o n  e f f i c i ency  f o r  

t o t a l  p a r t i c u l a t e  var ied  from 90 t o  98%. 

The evidence demonstrates t h a t  many v o l a t i l e  t r a c e  elements are 

concentrated i n  small p a r t i c u l a t e s  which have become highly enriched,  

and t h a t ,  t o  a s i g n i f i c a n t  degree, these small p a r t i c l e s  may escape the  

c o l l e c t i o n  device. This is espec ia l ly  t r u e  of cyclones which have very 

low e f f i c i e n c i e s  f o r  small p a r t i c l e s  compared t o  e l e c t r o s t a t i c  

precipi ta tors .  Thus a r e l a t i v e l y  high percentage of the  v o l a t i l e  trace 

elements i n  the f u e l  may escape emission cont ro ls .  

Sampling and a n a l y t i c a l  procedures directed t o  mass balance s t u d i e s  

provide one means of  accounting f o r  elemental  losses, o r  a t  least 

d i r e c t i n g  a t t e n t i o n  t o  po in t s  i n  the  combustion process where these 

elements may escape. The only reported s t u d i e s  of t h i s  na ture  carried 

out  a t  coal/RDF combustion condi t ions  were those done a t  the  S t .  Louis 

operat ion.  Unfortunately,  t he  data are incomplete and the  mass balance 

r e s u l t s  a r e  poor. 

Data on a number of  key trace elements der ived from the  S t .  Louis 

s tudy (50) are shown i n  Table  20 . Elemental flows i n  grams per  hour 

are compared when coa l  and coal/RDF mixtures are burned. Except f o r  the  

f a c t  t h a t  f l y  ash accounts for a l a r g e r  percentage of  t o t a l  ash  than 

bottom ash, i t  is d i f f i c u l t  t o  see any cons i s t en t  p a t t e r n  wi th in  or 

between elements. This is probably due t o  the  very poor recovery 

n 
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observed i n  most cases. 
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TABLE 20 

Trace Element Emissions Corrected f o r  Recovery and Projected t o  100% 
RDF* 

Stack Emissions with 92/8 Coal-RDF Mixture 

g/hr  Mass Balance g/hr  g /hr  
92/8 Recovery 100% 100% 

% Recovery Recovery 
of 92/8 100% RDF 

Pb 196 60 327 3525 
2t-l 300 
C r  58.6 
V 56 
Se 12.9 
cu 45.6 
Cd 8.8 

49 
48 
59 
51 
23 
27 

612 
122 
95 
26 

200 
32.6 

5467 
1022 

110 
48 

258 1 
24 1 

~~ 

(o based on da ta  from S t .  Louis r e p o r t  (50) 
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I n  Table 20 the  percentage of trace elements i n  f u e l  which are 

re leased  w i t h  the  s t ack  p a r t i c u l a t e  ranges from 1 t o  20%. I n  the  case 

of the  more t o x i c  elements,  cadmium, chromium and lead, when f i r e d  under 

coal/RDF condi t ions ,  t he  s t ack  p a r t i c u l a t e  emissions are recorded as 

only 3 ,  1,  and 4% respec t ive ly .  However, the  low recovery on mass 

balance suggests  t h a t  these numbers might be considerably higher.  

The r a t i o  of f l y  ash (g /hr )  t o  s t ack  ash  (g /h r )  during coa l  f i r i n g  

is about t he  same when the  RDF/coal mixture is f i r e d ,  except i n  t he  case 

of cadmium. This change i n  the  f l y  ash t o  s t ack  p a r t i c u l a t e  r a t i o  from 

coa l  t o  RDF/coal f i r i n g  is accompanied by a marked drop i n  the  percent  

of t o t a l  recovery of  cadmium. A s  the  t a b l e  shows, with coal combustion 

alone recovery is 80%, whereas coal/RDF recovery is only 24%. It might 

be suspected t h a t  p a r t  of the  low recovery is the  f a i l u r e  t o  measure a l l  

of t he  cadmium emitted i n  the  stack. This is suggested i n  t he  

previously d i scussed  Anderson sampler data taken during tests a t  the  St .  

Louis p l an t  which shows tha t  almost one ha l f  of  the  cadmium appeared on 

the  f i n a l  f i l t e r  i n  the  less than 0.3 micron particle range. The low 

ESP c o l l e c t i o n  e f f i c i ency  of roughly 50% f o r  p a r t i c l e  s i z e s  i n  the  range 

of 0.1 t o  0.3 microns r e in fo rces  t h i s  conclusion (50). 

Using the  data i n  Table 20 f o r  cadmium, we at tempt  t o  r a t i o n a l i z e  

co r rec t ions  f o r  t he  low mass balance recovery i n  the following manner. 

F i r s t ,  i n  the  s t a c k  t o  f l y  ash p a r t i c u l a t e  r a t i o ,  RDF/coal f i r i n g  is 

adjus ted  t o  tha t  found i n  f i r i n g  coa l  alone. Adjusting the  coal/RDF 

r a t i o  of  4.8 t o  2.7 adds an add i t iona l  3.8 grams per  hour t o  the  s t ack  

p a r t i c u l a t e  under Coal/RDF f i r i n g .  This raises the  t o t a l  recovery f o r  

Coal/RDF cadmium from 24 t o  27%. Next, the  27% recovery f a c t o r  is 
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adjus ted  t o  100% recovery by mul t ip ly ing  t h e  bottom ash ,  f l y  ash and 

stack p a r t i c u l a t e  g/hr va lues  by 100/27. T h i s  r e s u l t s  i n  a stack 

p a r t i c u l a t e  o f  32.6 grams per  hour output.  

Assuming cons tan t  ESP performance, we have attempted t o  estimate 

emissions of  t he  important t o x i c  trace elements i f  100% RDF f u e l  were t o  

be burned under similar f i r i n g  conditions.  The estimated RDF inpu t  i n  

g /hr  r equ i r ed  t o  maintain 100% b o i l e r  load is mul t ip l i ed  by the trace 

element concent ra t ions  which y i e l d s  TE inpu t  i n  g/hr. Th i s  va lue  f o r  

each TE is mul t ip l i ed  by t h e  percent of  each T E ' s  i npu t  seen t o  e x i t  as 

stack p a r t i c u l a t e ;  va lues  obtained from coal/RDF f i r i n g  data. The last  

column i n  Table 20 r e p o r t s  t h i s  hypothe t ica l  value.  

Evaluating t h e  t o x i c  trace element emissions i n  an RDF/coal 

co-fired b o i l e r  under condi t ions  of  100% RDF are important inasmuch as 

the  Hooker p l a n t  a t  Niagara F a l l s ,  NY has the  opt ion  to  f i re  100% RDF 

f o r  a major po r t ion  of  the  year. 

Health Considerations of Trace Element Emissions from 
Co- f i r  i n g  

P o t e n t i a l  exposure a t  ground l e v e l s  t o  t o x i c  trace elements from 

stack emissions of  these co- f i r ing  fac i l i t i es  even tua l ly  depends on the  

t o t a l  number o f  si tes emi t t i ng  p a r t i c u l a t e s  and the  s i z e  of the  

ind iv idua l  p l an t s .  I n  p r o j e c t i n g  RDF/Coal co - f i r ing  technologies ,  we 

have made c e r t a i n  assumptions: 

1.  That the  t o t a l  megawatt ou tpu t  from RDF fuel is l imi t ed  by the 

municipal s o l i d  waste ava i l ab le .  
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2. That the  average co- f i r ing  w i l l  r e s u l t  i n  an 80% coal/20% RDF 

mixture; 

3. That the  t y p i c a l  upper l i m i t  i n  s i z e  of  ind iv idua l  RDF/Coal 

p l an t s  is based on a populat ion-l imit ing f a c t o r ,  as well as cos t  

e f f e c t i v e  r a d i i  f o r  t ranspor t ing  the  l i m i t i n g  f u e l  supply. 

4 .  The t r a c e  element composition of  the  present  municipal s o l i d  

waste w i l l  probably not  change although new conta iner  depos i t  

l e g i s l a t i o n  can e f f e c t i v e l y  lower lead, z inc  and cadmium leve l s .  

The emission f a c t o r s  used i n  the  models here in  are based on l imited 

cu r ren t  experience a t  very few sites. Table 21 summarizes t r a c e  element 

emission data and p r o j e c t s  d i l u t i o n  from dispers ion  modeling, a l s o ;  

1. It includes trace element emission data i n  micrograms per  cubic 

meter from those s i tes  s tudied .  The trace element parameter of 

micrograms per  cubic  meter is r e l a t i v e l y  cons tan t  within a 

cons tan t  f u e l  concentrat ion l e v e l  and can be employed i n  modeling 

emissions from p l a n t s  of  d i f f e r e n t  s i z e s .  Emission data from 

p lan t  s t u d i e s  have been ad jus ted  t o  account f o r  low recovery 

during l i m i t e d  mass balance s t u d i e s  and a l s o  t o  c o r r e c t  f o r  low 

c o l l e c t o r  e f f i c i ency  of  cyclone and 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 .  

2. The c l ima ta log ica l  d i spers ion  model (Appendix A )  provides a stack 

d i l u t i o n  f a c t o r  used t o  p r e d i c t  trace element l e v e l s  a t  receptor  

s i tes  showing maximum annual concentrat ions.  Di lu t ion  f a c t o r s  

are a l s o  provided from a more conservat ive urban screening model. 

These model receptor  pred ic t ions  are then compared t o  urban a i r  

l e v e l s  and t o  recommended maximum l e v e l s  using mul t i  media environmental 

goa l s  (AMEGS) from EPA (72). 
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TABLE 21 

Trace Element Emi.ssions (ugh3) from CoaURDF Combustion Sites 

( a , b )  ( C )  ( d )  ( e )  ( f )  
Urban A i r  Model S i t e  Ames S t .  Louis S t .  Louis AMEGs Dilut ion 

Col lec tor  (ESP)  (Cyclone) Suspension (ESP) 100% Recovery t o  Meet Dilut ion Air 
Coal/RDF i O O $  80/20 100/0 50/50 100/0 92/8 100% RDF AMEGs "Screen" CDMPC 

Element 

Pb 

ZIl 

Fe 

Be 

Ba 

CR 

V 

Se 

Hs 

cu 

cd 

N i  

nn 

65 854 3120 14,762 

454 1890 5316 18,718 

26,700 15,500 

21 

9 

5.0 

15 

31 

32 

46 232 572 

1 4  27 31 

9.4 

42 

46 

36 

82 343 6169 

151 517 9421 

: .2 

402 497 

128 108 1884 

97 111 56 

55 24 24 

32 88 5047 

4.8 27 1 

0.4 

12 

12 

0.005 

1.2 

0.12 

1.2 

0.5 

0.12 

0.2 

0.12 

1 

12 

4x10-4 

6.4~10-4 

5 .Ox10-4 

1ox1o-'I 

2. 4x 10-4 

2.ox10-4 

1x10-2 

1 x 1 0 4  

1x10-2 

2.3~10-3 

1 . 3 ~ 1 0 - ~  

2.ox10-2 

0.006 

0.02 

0.004 

0.02 

0.01 

0.01 

0.03 

33 20 1.2 2.ox10-2 0.02 

29 5 1.2 2.ox10-2 0.02 

0.049-0.128 0.128 0.02 1x10-1 1 . 3 ~ 1 0 - ~  0.3-30.0. 

(a) Reference (10) 

(b) Reference (9) 

(01  Reference (50) 

(d)  Derivation descr ibed i n  text 

( e )  AMEGS were formerly "Estimated Permissible Concentrations" (EPA) 

( f )  Reference (46) 

(g) Data a r e  a f t e r  Hooker (108 MW) dlspersion model and EaP emission of 15-40 ~8g /mn 8TU. 
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The d i l u t i o n  required of each trace element t o  reach AMEG 

l e v e l s  from the  observed highest s t ack  emission concentrat ions is shown 

i n  the  n in th  column of  Table 21. Lead, z inc ,  i r o n ,  and chromium requi.re 

between three and four  orders  of magnitude d i l u t i o n ,  w i t h  ber i l l ium,  

barium, and copper somewhat less. O f  these high d i l u t i o n  elements, i ron  

is  the  only one showing reduced emissions when RDF is added t o  the  f u e l .  

The quest ion as t o  whether o r  not  stack d i l u t i o n  f a c t o r s  w i l l  be 

s u f f i c i e n t  t o  meet t h e  AMEG d i l u t i o n  required is evident  from the  a i r  

model d i l u t i o n  factors under llscreenll( 51 ) and CDMQC (Climatological  

Dispersion Model). The more conservat ive screen d i l u t i o n  f a c t o r  exceeds 

t h e  required AMEG d i l u t i o n  by an order  of magnitude i n  t h e  case of the  

l a r g e s t  emission f a c t o r  shown f o r  each element. The CDMQC d i l u t i o n  

f a c t o r  is an a d d i t i o n a l  order  of  magnitude g rea t e r .  As shown i n  Table 

21, t he  Pb and Zn stack emissions are approximately 30 times greater f o r  

the  Ames cyclone equipped f a c i l i t y  than f o r  the  ESP equipped f a c i l i t y .  

When comparing the  Ames ESP t o  the  S t .  Louis ESP, emissions of  these 

elements are wi th in  a f a c t o r  of three of one another .  

When the  St. Louis emission data are cor rec ted  f o r  recovery and 

adjusted t o  100% RDF combustion (see Table 201, emissions of  lead, 

copper, cadmium, and chromium would require the  g r e a t e s t  d i l u t i o n  t o  

match the  AMEG ambient a i r  l eve l .  The d i l u t i o n  required i n  the  case of  

chromium approaches the  conservat ive d i l u t i o n  f a c t o r  seen under t h e  

llscreenll a i r  model. 

It can be seen t h a t  an t i c ipa t ed  emissions from co-f i rng power 

p l a n t s  which employ 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  are well wi th in  the  

non-hazardous range. On the  o ther  hand, power p l a n t s  employing cyclone 

u 

‘Y 
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or multkcyclone mechanical collectors, while they will probatsby be 

within safe levels, should be monitored when RDF fuel values indicate 

unusually high levels of toxic elements, particularly those of lead, 

zinc, iron, copper and cadmium. To summarize, then, trace element 

emissions do not appear to exceed AMEG levels and consequently we have 

not employed biological health models such as TERMOD (52). 

Organic Emissions from Coal/RDF Combustion 

The emergence of coal and refuse as an alternative fuel has 

enhanced the need for data on organic emissions from their 

co-combustion. Tabulation of the available data on the current 

knowledge of organic emissions is very sparse. Furthermore, the 

techniques of sampling and analysis lack replication and precision, 

making a large degree of uncertainty characteristic of this information. 

The orAgar.ic compounds reported in literature from 1964 through the 

summer of 1981 on coal combustion, eo-combustion with RDF, and mass 

incineration have been sulrslarized by Junk (53). 

In 1964, Hangebrauck et al. (54) appeared to be the first to have 

recognized the need for st;ack emission data for specific Organic 

compounds. Coal, oil and natural gas fuels were investigated. Data 

from commercial, municipal and open refuse burning were also reported. 

The PAH emissions included benzo(a)anthracene and benzo(a)pyrene, both 

recognized carcinogens. Other compounds such as formaldehyde and 

aliphatic hydrocarbons were also detected. 

In 1966, Diehl et al. (55) studied the emission of PAH from 

coal-fired installations. They concluded that: (i) the PAH 
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concentrations in flue gases from coal combustion 

and this variation cannot normally be related to 

can be highly variable 

identifiable operating c 
parameters; (ii) the larger installations emit as much or more of the 

PAH as do smaller ones and this emission rate is a function of higher 

fuel input and larger volumes of flue gas produced per unit time; (iii) 

the operating variables may have a greater influence on the 

concentration of PAH in the flue gas than do the size or the design of 

the coal-burning unit. 

In 1974, a study by Herman (56) provided quantitative data for a 

number of PAH emitted from coal-fired power plants. He also compared 

several sampling methods for PAH and polychlorinated biphenyls (PCB). 

In 1975, the organic compounds in stack emissions, on fly ash and on 

grate ash were analyzed by Cowherd et al. (57). Three PAH, 

7,12-dimethylbenzo(a)anthracene, benzo ( a) pyrene , and 

3-methylcholanthrene, and several PCB isomers were detected and 

quantitative data were reported. The distribution of PCB isomers was 

similar t o  Aroclor 1260 indicating the presence of seven major 

components (58). The PCB were detected in both the grate and fly ash. 

The average amount ranged from 0.02 to 0.07 ug/g. No PCB were detected 

in the coal fuel. Although this investigation (57) included the 

sampling and analysis of several waste streams, it was limited to the 

detection of carcinogenic PAH and to the detection and quantitation of 

PCB. 

The studies on the organic emissions from the combustion of coal 

reveal that: (i) one hundred and nine specific compounds have been 

identified; (ii) the emphasis on PAH has distorted the distribution of 
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identified compounds; and (iii) quantitative data for specific contpsunds 

other than PAH and PCB are almost non-existent. 

The synthetic organic waste content of refuse raises the question 

on the nature of organic emissions when refuse and other similar waste 

materials are incinerated. Boettner et al. (59) in 1973 reported 

emissions from the incineration of over a dozen commercial plastics and 

the natural products, wood and wool. Under conditions of incomplete 

combustion, a large number of products, including straight-chain 

saturated, unsaturated, aromatic, polycyclic and heterocyclic 

hydrocarbons, in addition to hydrogen chloride, sulfur dioxide, 

cyanides, ammonia and nitrogen oxides were produced. By 1974 much 

attention was being focused on the environmental fate of PCB (56,60,61). 

This attention made the report by Hermann (56) especially noteworthy 

because sampling procedures for both PCB and PAH from stationary sources 

were evaluated. State of the art sampling and analytical methodologies 

were reviewed. Those judged to be best were used for the determination 

of the emission of PCB and PAH from incinerators, from power plants, 

from trash and tire burning, and from copper wire insulation plants. 

The incineration products of some plastics produced several classes 

of organic compounds, including PAH, aromatic, aliphatic and halogenated 

compaunds(62). Studies of a municipal incinerator showed PAH levels on 

f l y  ash to be an order of magnitude higher than in the stack emissions. 

The mounts present in the stack emissions were another order of 

magnitude greater than that present in the waste water(63). 

Developing concerns over the toxicity of dioxins were heightened 

when the formation of PCDD and PCDF during the combustion of a 
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formulation of 2,4,5-trichlorophenoxyacetic acid was reported (64,651. 

The highly toxic 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) was 

identified. Ahling et a1.(64) concluded that PCDD and PCDF could form 

under certain combustion conditions. In the same year, Olie et a1.(66) 

and Olie and Hutzinger (67) reported the detection of PCDD and PCDF in 

the fly ash and in the stack gases of municipal incinerators. These 

reports reflect the advances of GC/MS systems for the detection of 

organohalogen compounds. The authors also identified several 

chlorinated phenols in the fly ash and the stack gases. These 

chlorophenols may have been the precursors to the PCDD formed during 

incineration. Also in 1978, the occurrence of PCDD isomers in 

incinerator fly ash was reported. High resolution GC was used for the 

separation of more than thirty individual PCDD isomers. However, the 

highly toxic isomers such as the 2,3,7,8-tetra-CDD, the 

1,2,3,7,8-penta-CDD, the 1,2,3,6,7,& and the 1,2,3,7,8,9-hexa-CDD were 

the only minor constituents. 

In the case of coal/refuse combustion, the few reports (8, 

68,69,70) available reflect the limited studies of the organic emissions 

during the combustion of coal/refuse mixtures. In 1978, a report by 

Vick et a1.(69) included identification and quantitation of organic 

materials in stack emissions and on fly ash and grate ash. Sixty-two 

organic compounds were identified in those emissions from a power plant 

which burned coal combined with RDF. No gross differences in the types 

and the amounts of the organic emissions were observed when coal alone 

or coal/refuse mixtures were used as the fuels. 

a 

u 

-i= 

p 

- 84 - 



7 

The compounds which have been i d e n t i f i e d  i n  t h e  e a i s s i o n s  from. 

coal/RDF combustion are l l s t ed  i n  Table 22 . I n  those cases where 

q u a n t i t a t i v e  data are ava i l ab le ,  the maximum amounts observed i n  the  

stack emission (n$/m3) o r  t h e  f l y  ash (ng/g) are tabulated.  

Polycycl ic  organic  matter arise from a large range of combustion 

sources ,  inc luding  open burning of biomass and con t ro l l ed  combustion i n  

mobile and s t a t i o n a r y  sources.  The National Academy of Sciences (1972) 

estimated t h e  following emissions of POM's from var ious  sources  as 

follows: 

1. 

2. 

3. Coke production - ,200 tons  per  year.  

4. Motor veh ic l e  sources  - 20 tons  pe r  year. 

Heat and power production sources  - 500 tons  per  year.  

Refuse burning - 600 tons  per  year.  

Although polycycl ic  organic  mat ter  inc ludes  a wide range of organic  

compounds, the polycyl ic  aromatic hydrocarbons (PAH)  have drawn t h e  most 

a t t e n t i o n ,  and specif ical ly ,  the compound benzo(a)pyrene, because of its 

dominant na ture  i n  the  combustion process, and p a r t i c u l a r l y  because of 

its high carcinogenic  potent ional .  Benzo(a)pyrene has appeared i n  the  

l i t e r a t u r e  more frequent ly  than any o the r  compound w i t h  respect t o  

cancer-related s tud ie s .  The rate of  production of benzo(a)pyrene from 

var ious  combustion processes  v a r i e s  over a wide range of emission 

f ac to r s .  The amount of B ( a ) P  produced per  u n i t  of  heat is indica ted  i n  

Table 23 taken from t h e  NAS 1972 r epor t  (71) .  It is evident ,  f o r  

example, t h a t  the emission from r e s i d e n t i a l  furnaces  produces almost ten  

times as much B(a )P  as a l l  o the r  emissions from heat and power sources.  

X t  is i n t e r e s t i n g  tha t  coal-fired power p l a n t s  which generate  t he  
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TABLE 22 

Organic Emissions from Coal/RDF Combustion (8,68-70) 

i 
Polycyclic Aromatics Maximum Fly Ash Stack 

Amount (a) Emission 

Benzo(c)phenanthrene 
Benzo ( a) pyrene 
Chrysene 
Dibenz(a,h)anthracene 
7,12-Dimethylbenzo(a)anthracene 
Fluoranthene 
Fluorene 
3-Methylcholanthrene 
Phenanthrene 
Pyrene 

* 
* 

0.5 ng/m3 * 

2 ng/m3 it 

4 ng/g 
1 ng/m3 0 

0.5 ng/m3 * 

* 
* 
* 
* 

Aromatics 
Biphenyl 
t-Butylbenzene 
Toluene 
o-Xylene 
m-Xylene 
p-Xylene 

N,O,S,P Compounds 
Dibenzo(c,g)carbazole 
Dibenzofuran 
Diphenylamine 
Tricresylphosphate(b) 
Dibenzo f uran 
Diphenylamine 
Tricresylphosphate (b) 
Triphenylphosphate 

Hydroyl Compounds 
6-t-Butyl-o-cresol 
p-t-Butylphenol 
Propylphenol(b) 
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TABLE 22 . (continued) 
Polycyclic Aromatics Maximum Fly Ash Stack 

Amount (a) Emission 

Aliiphatics 
Dimethylcyclohexane(b) 
Docosane 
Dotriacontane 
Eicosane 
E thane 
Heneicosane 
Heptadecane 
Hexadecane 
Hexatriacontane 
Methane 
Nonadecane 
Octacosane 
Octadecane 
Octatriacontane 
Pentacosane 
Tetracontane 
Tetracosane 
Triacontane 
Tricosane 
Trimethylcyclohexane ( b) 

Carbonyl Compounds 
Butylphthalylbutylglycolate 
Decanoic acid 
Dibutylphthalate 
Dicyclohexylphthalate 
Di-(2-cthylhexyl)-adipate 
Di-(2-ethylhexyl)-phthalate 
Diethylphthalate 
Diisobutylphthalate 
Diphenylphthalate 
9-Fluorenone 
Lauric acid 
Myristic acid 
Oleic acid 
Palmitic acid 
Phthalic acid 
Stearic acid 

E) 

* 
0 

09 

0 

* 
t 
P 

* 
* 
* 
t 
t E) 
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TABLE 22 (continued) 

Polycyclic Aromatics Maximum Fly Ash Stack 
Amount (a) Emission 

Halogenated Compounds 
Aroclor 1254 
2,2-Dichlorobiphenyl 
Dichlorophenol* 
Hexachlorobenzene 
Hexachlorobiphenyl 
Pentachlorobiphenyl 
Pentachlorophenol 
Tetrachlorobiphenyl 
Trichlorophenol 

25 ng/m3 * 
5 ng/g 

2 ng/m3 * 
I ng/m3 * 

* 
* 
* 

* 
* 
* 

Q 

* 
* 

(a) Total gas chromatographable organic matter emitted form the stack 
described in references (69) and (70) is estimated to be no more 
than 420 ug/m3. Most all of this material is composed of 
hydrocarbons which are aliphatic. 

(b) Isomer not specified. 

7--7  

, 

- aa - 



P 

a 

D 

largest amount of hea t  cont r ibu te  the smallest amount of B ( a ) P  

emissions. This  wide range of B ( a ) P  emissions per  u n i t  of  heat input  is 

explained l a rge ly  on the basis of combustion e f f i c i ency ,  w i t h  s ta rved  

a i r  combustion processes  generat ing the  largest amount of 

benzo(a)pyrene. The emission of B ( a ) P  from re fuse  burning techniques is 

indica ted  i n  Table 24 from the  NAS r epor t  (71). These estimates 

i n d i c a t e  t h a t  municipal i n c i n e r a t o r s  produce only a f r a c t i o n  of one 

percent  of a l l  B ( a ) P  generated through r e fuse  burning, the largest 

sources  being re fuse  f i res  and f o r e s t  and a g r i c u l t u r a l  open .burning. 

I n  summary, i t  is evident  t ha t  power generat ion sources  and re fuse  

combustion account f o r  only a very small percentage of the  

benzo(a)pyrene released and inventor ied i n  the  ambient atmosphere. 

While B ( a ) P  has  been used as a tag o r  sur roga te  f o r  po lycycl ic  

organic  matter, the  r a t i o  of  B ( a ) P  t o  o the r  polycycl ic  aromatic 

hydrocarbons i n  emission sources  v a r i e s  over a wide range, making t h e  

use of B(a )P  as a sur roga te  quest ionable .  Nonetheless, because of its 

extremely high carcinogenic  p o t e n t i a l  i n  r e l a t i o n s h i p  to most other 

PAH's, t he  use of B ( a ) P  t o  crudely assess the  hazards of POM's has some 

j u s t i f i c a t i o n .  

I n  a t tempting t o  model the hazardous organic  compounds emitted from 

RDF/Coal co-combustion sources ,  we have access  t o  only crude and 

estimated emission factors. Table 23 of the N A S  r epor t  (71) i n d i c a t e s  

emission f a c t o r s  f o r  chain grate and spreader stokers as ranging from 15 

t o  40 micrograms per mi l l ion  BTUs, and coa l - f i red  steam power p l a n t s  
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TABLE 23 

Estimated Benzo(a)pyrene Emission from Heat and Power Generation Sources 
in the United States (71)  

Benzo[a]- 

Gross Heat, Emission Factor, Emission, 
Type of Unit BTU/hr &IO6 BTU tons/year 

Coal 

Benzo[a]pyrene pyrene 

Hand-stoked residential 

Intermediate units (chain- 
fUrMCeS 0.1 x lo6 1,700,000-3,300,000 420 

grate and spreader 
stokers) 60-250 X lo6 1540 10 

Coal-fired steam power 
plants 1.000-2,Ooo x lo6 20-400 1 

oil 

2 Other 0.02-21 x 106 100 } Low-pressure airatomized 0.7 x lo6 

Cas 
Premix burners 0.014 x lo6 20-200 2 

B 

a 
u 
u 

wood 50,000 40 
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TABLE 24 

Estimated Benzo(a)pyrene Emission from Refuse-Burning in the United 
States ( 7 1 )  

Benu, [ a] pyrene 
Emission, tons/year Source of Benm(a] pyrene 

n 

Y 

Endosed inchemtion 
Municipal 
Commercial and industrial 
Institutional 
Apartment 

Open burning 
Mimicipal 
Commercial and industrial 
Domestic 
Forest and agricultural 
Vehicle disposal 
Coal refuse fires 

< I  
23 

2 
8 

4 
10 
10 

140 
SO 
340 
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ranging from 20 to 400 micrograms per million BTUs of benzo(a)pyrene. 

Using this range of emission factors, it is possible to estimate the 

total benzo(a)pyrene contribution nationally from co-firing RDF fuel in 

the model projected here. 

The total annual heat value of RDF fuel has been indicated to range 

from 1.4 to 1.89 x lO+l3 BTUs annually. In the range of emission 

factors previously indicated for power plants, that is, 15 to 400 

micrograms per million BTU input, the range of total benzo(a)pyrene 

emissions would be between 200 grams and 8 kilograms annually. This is 

an extremely small fraction of the total benzo(a)pyrene emitted by all 

combustion sources. 

Although this is a small fraction nationally, on a site-specific 

basis there may be some reason for concern. We have, therefore, modeled 

the dispersion of benzo(a)pyrene using the Hooker RDF/Coal co-firing 

operation, presently in its shakedown stage, at Niagara Falls, New York. 

This plant produces somewhat in excess of 100 megawatts and begins to 

approach the largest size of RDF/coal co-firing units expected by 1990. 

Table 21 indicates the emission rates and the dispersion dilution factor 

at the highest ground level concentration. The energy input rate at the 

Hooker operation is 750 million BTUs per hour, or 0.208 million BTUs per 

second. The emission factor for power plants in the NAS report covers a 

range of 20 to 400 micrograms per million BTUs. Thus, the 

benzo(a)pyrene release at a Hooker type installation would range from 4 

to 80 micrograms per second at a design stack flow rate of 212 cubic 

meters per second. The stack gas concentration of B(a)P is 0.02 to 0.38 

micrograms per cubic meter. 

P 
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Since the model predicts that the maximum ground Concentration 

dilution on an annual basis is 10.9 x low6,  the ambient annual 

concentration of B(a)P at this receptor point is in the range of' 0.2 to 

3.8 picograms per cubic meter. This concentration is 4-5 orders of 

magnitude below EPA's recommended AMEG (72 )  value for benzo(a)pyrene. 

Conservatively, this would represent less than one-tenth of one percent 

of urban air B(a)P levels. 

Compared to alternative methods of refuse combustion, it is 

apparent that eo-firing with coal is a cleaner process. According to 

the National Academy of Sciences figures (711, the municipal 

incinerators exhibit B(a)P emission factors about one order of magnitude 

greater. On the other hand, commercial incinerators and open burning 

have B(a)P emission factors three orders of magnitude greater than 

RDF/Coal combustion. It is apparent, then, that any re-routing of 

refuse from these less efficient incinerators can have a salutary effect 

on the urban air environment. 

-- Solid Waste Disposal(=) 

Conventional methods of handling and disposing of boiler ash and 

fly ash from power plants receiving RDF include wet sluicing to ash 

holding ponds and landfilling of dry residues. Wastewaters produced 

upon ash sluicing present two modes by which pollutants may be 

transported to the environment: seepage into groundwater reservoirs 

beneath the ponds and overflow from ponds into surface streams. 

The magnitude of these two problems was estimated in two ways using 

the Anes, Iowa, facility as a case example: 
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1. Leaching columns were used t o  determine the  amounts of materials 

t h a t  could leach from ash depos i t s ;  and 

2. Direct  measurements were made of  the q u a l i t y  o f  waters that come 

i n t o  short-term contac t  with ashes and eventua l ly  could become 

overflow and sur face  runoff .  

Analysis of the leaching test  data shows t h a t  peak concentrat ions 

of c e r t a i n  conventional po l lu t an t s  and heavy metals exceeded maximum 

allowable concentrat ions t o  groundwater resources  as proposed by EPA 

under au tho r i ty  of the  Resource Conservation and Recovery Act (74) 

(Table  25). 

The amounts of  water used per  u n i t  of ash i n  the  leaching t e s t s  

were much greater than would pass through the  ash i n  a well-designed and 

well-operated l a n d f i l l .  Actual leachate concent ra t ions ,  therefore, 

would be much greater and leacha te  volumes much less than i n  the  

leaching tests. Thus, i t  is l i k e l y  t h a t  leachate con t ro l ,  such as 

c o l l e c t i o n  and t reatment  o r  the  use of  l i n e r s ,  w i l l  be required i f  

useable groundwater sources  are loca ted  c lose  t o  t he  l a n d f i l l  s i te .  

Q u a l i t y  of  a sh  pond overflow waters was assessed by c o l l e c t i n g  

s l u i c e  waters d i r e c t l y  from t h e  s l u i c e  p i p e  discharge when t h e  Ames 

power p lan t  was opera t ing  a t  100% load f o r  a mixture of  80% coal  and 20% 

RDF by BTU. Additional tests involved long-term contac t  of bottom ash  

and f l y  ash wi th  the  s l u i c e  water. 

The analyses  of s l u i c e  samples after short-term (24 hours) and 

long-term (39 days) contac t  are summarized i n  (Table 26). Most analyses  

showed r e l a t i v e l y  c lose  agreement between short-term and long-term 

contac t ,  but some d i f f e rences  are noteworthy. The COD and BOD increased 

r= 

w 
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TABLE 25 

Concentration of Contaminants in Leachate Potentially Produced Upon 
Landfilling of Ash from Co-firing Facilities (73) 

AM6 boiler asb h S  

c- ash 
leachate (coal + RDF)' boiler Water quality atandarda 

Concentrations. Total leachate Limit8 to Toxic 
mgll leachable (coal groundwapr waste Consti t- 

only) (HCL) Threshold.c uents of 
Constituent Peak Average mglg(sd) 4 1  mg/ 1 mgl1 Concern 

CCMZNT 1 ONAL 
POLLVTAHTS 

PH 

Chemical 
oxygen 
demand 

Biochemical 
oxygen 
demand 

Suspended 
solids 

lotal 
dissolved 
solids 

Volatile 
dissolved 
solids 

Alkalinity 

Calcium 

Magnesium 

Sodium 

Potassium 

Chloride 

Sulfate 

Fluorlde 

Nitrite + 
nitrate 

Total 
Kjeldal 
nitrouen 

Amonla 
nitrogen 

Total 
phosphate 

1 ron 

Manganese 

9.9 

Wd 0.78(0.54) 8-11 19.5 N * # ?  233 - 

3.7 0.15(0.09) 1.6-1.7 

-- --  -_  

N N *,? 

N W 

50.000e *.? 2579 - 312 1 2 . 5 ( 7 . 6 )  533-593 

68 

38 

-_ 

90-115 

19-75 

-- 

N 

N 

N 

N 

N 

N 

250e 

1 . 4 - 2 . 4  

N 

N 

N 

N 

N 

N 

25,000e 

25 .OOOe *,? 

140-240 

SO8 

255 

.- 

-- 
--  

0 . 2 8 ( 0 . 2 4 )  

5 . 0 ( 3 . 6 9 )  

0.02(0.008) 

-- 
_ _  

38-44 

238-257 

0.51-0.70 

.- 
7.1 

124 

0 .46  

123 

1610 -- 
0.39 

0.003(0.005) 0.07 loe 1 DOe 0 .29  0.09 

47.1 

5 . 1  

1.04 0. t43 (- 1 0.89-0.93 N N 

0.16 O.Ol8(0.010) 0.63-0.69 N N 

0.21 0.008(0.008) 0.14-0.31 N 

30' 

5e 

N 

0.3 
0 . 0 5  - 

* 

n 
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TABLE 25 (continued) ’ 

_____ 
Ames boiler ash h e  s 

ash 
boiler Water quality standards leachate (coal i RDF)’ 

Concentrations, Total leachate Limits to Toxic 
me/ 1 leachable (coa 1 groundva&er UaSte Constit- ’ 

only) (ncu Threshold,c uents of 
Constituent Peak Average mg/e(Sd) mg/ 1 mgll mg/ 1 Concern 

HEAW HETALS 

Arsenic _-  ~ X I O - ~  1 . 3 ~ 1 0 - ~  0.007 0.05 5.0 

0 0 0.50 1.0 . 100 

Cadmium Z X I O - ~  9 . 2 ~ 1 0 - ~  3.7~10-~ (0.006 0.01 1.0 

Chromium -- 3.3x10-& 6 . 7 ~ 1 0 - ~  0.02 0.05 5.0 

Barium -- 

Lead 0.175 0.037 1 . 5 ~ 1 0 - ~  e - 0.05 5 0  

0 0 0.0005 0.002 0 .2  

0 0 <0.0007 0.01 1 .O Selenium -- 
Silver -_  4 . 7 ~ 1 0 - ~  9 . 3 ~ 1 0 - ~  0.010 0.05 5.0 

Copper 0.093 5.0 500 

Zinc 1.66 1.0 100 

Mercury -- 
”.? 

PESTICIDES (No pesticides, PCB’s or organic priority pollutants found present) 

aWhen burning 80 to 90% coal + 10 to 20% RDF by Btu content. 
bBased on limits established or proposed by EPA under authority of RCRA or assumed equivalency to Safe Drinking 

‘Bared on limits for toxicity as established or proposed by EPA under authority of RCRA. 

dN = no specific standards established. 
eTentative or anticipated standard I l 4 1 .  

Water Act standards. 

P 

w 
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i n  t h e  bottom ash sm.?les upon long-term contac t .  No doubt, t h i s  

i nc rease  was caused by hydro lys is  o r  microbio logica l  decomposition of  

the  unburned organic, materials i n  the  samples. The s u l f a t e  

concent ra t ion  decreased, i n  a l l  p r o b a b i l i t y  because o f  conversion t o  

s u l f i d e s  by bacterial  a c t i o n  i n  t h e  anaerobic environment. To ta l  

d i sso lved  s o l i d s  increased upon long-term con tac t  because of t he  greater 

time a v a i l a b l e  t o  d i s so lve  salts  contained i n  the  ash. 

There was l i t t l e  d i f f e r e n c e  i n  t he  conventional p o l l u t a n t  

concent ra t ions  when burning coa l  only and c o a l  + RDF, i n d i c a t i n g  t h a t  

the water p o l l u t i o n  problems associated w i t h  burning RDF w i t h  c o a l  are 

no t  measurably d i f f e r e n t  from those  when burning c o a l  only. S i m i l a r l y ,  

heavy metals concent ra t ions  were no t  apprec iab ly  d i f f e r e n t  when burning 

c o a l  plus RDF as compared t o  when burning c o a l  only. 

No organic  p r i o r i t y  p o l l u t a n t s ,  pesticides,  o r  PCB’s were found i n  

any of  t h e  s l u i c e  water samples o r  i n  the  s o l i d  res idues .  

The data i n  Table 26 show c l e a r l y  t h a t  ash pond overflow produced 

a t  power p l a n t s  which burn coa l  a lone  o r  c o a l  p l u s  RDF have s u f f i c i e n t l y  

high l e v e l s  t h a t  d i rect  discharge t o  su r face  streams is no t  l i k e l y  t o  

meet su r face  water s tandards  as established by EPA o r  most states. 

Treatment a l s o  w i l l  be needed, i f  d i rect  discharge is practiced, t o  

reduce t h e  s o l u b l e  s a l t  and heavy metal content.  Some method of 

reducing t h e  concent ra t ion  o f  organic  materials such as b i o l o g i c a l  

t rea tment ,  w i l l  be requi red  i f  unburned organic  matter e x i s t s  i n  the  

bottom ash deposited i n  t h e  a sh  ponds. However, r ecen t  tests a t  Ames 
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TABLE 26 

Concentration of Contaminants i n  Overflow Waters from Ash Slu ice  Ponds 
When Co-firing (73) 

___ ~~ ~ ~ 

Quality rrquiremeiits 

Ash pond overflow (coal-burn only), mg/l 
ois- 

charge 
LO 

sewer- 
age Constit- 

systemb uents of 
mg/l concern 

Ash pond overflow (coal + RDF). mg/l 

Short-term Contdct 
~- - - - 

Long- term 
contart Direct _________ 

dis- Hixed 
unset- nixed Bottom Fly Bottom Fly chargea 
tled settled ash ash ash ash m g / l  

_____ 

__.___ 

Short-trrm contact Long-term contact - 
Bottom Bottom 

ash Fly ash ash Fly ash Constituent 

CONVENTIONAL 
POLLUTANTS 

Chemical oxysen 
demand 

Biochemical oxy- 
gen demand 

Suspended solids 

Total dissolved 
sol ids 

Volatile dis- 
solved solids 

Alkalinity 

Calcium 

Hagnes i um 

Sodium 

PoLassium 

Chloride 

Sulfate 

Fluoride 

Nitrite + 
nitrate 

Total KJeldal 
ni t rogen 

Ananonia nitrogen 

Total phosphate 

-- _ -  33 2.9 201 6.8 -300 8-11 4-9 11 6 

1.6-1.7 0.9-12 3 1.6 

-- -- -_ -- 
-300 * 
-300 

50.00OC * 533-593 1,382-1.687 625 1,540 

257 

218 

147 

36 

26 

66 

38 

* 
_ _  

253 

I16 

90 

33 

25 

6.7 

39 

197 

_-  

92 

238 

113 

93 

_ _  

198 

460 

65d 

20d 

256d 

6Ed 

72 

1 . 1  

0 . 5 8  

249 

156 

1351~ 

4OJ 

8.8 

29d 

49 

I06 

0.52 

Ne 

N 

N 

N 

N 

N 

<250' 

%EC 
< I  4-2.kC 

90-115 108-129 49 100 

19-75 90-1,302 40 589 

-- -- -- -- 

N 

N 

N 

N 

N 

n 
<25,0OOc 

<25.00OC 

<I4O-24OC 

-- -- -- _ -  
38-44 26-29 42 24 

635 316 238-257 - .. 
0.51-0.70 0.38-0.70 0.40 0.54 

44 

245 
0.83 

37 

e?'! 
1.21 

0.10 0.11 0.05 0.04 0.15 0.08 <IOc < 1,oooc 0.07 0.02-0.05 0 . 0 5  0.04 
a .  

0 89-0.93 0.88-1.27 0.72 0.95 

0 63-0.69 0.70-0.78 0.58 0.87 

0 14-0.31 0.04-0.11 0 . 0 5  1.37 

1.8 1.2 0.69 0.18 1.48 0.Y3 N 

0.83 0.73 0 25 0.68 0.27 0.60 2+ 

4.0 0.78 0 . 4 3  1.65 cO.26 5.6 N 
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TABLE 26 . (continued) 

Constituent 

Ash pond oveiflow (coal + RDF, mgll 

Short-term contact Long- term 
contact 

Ash pond overflow (coal-burn only), mg/1 - 
______ Short-term contact Long-term contact - 

Hired 
Bottom Bottom unset- Hixed Bottom Fly Bottom Fly 

ash Fly ash ash Fly ash tled nettled ash ash ash ash 

Quality requirements 
_. _____ 

Dis- 
charge 

t o  
Direct scwer- 
dis- age Constit- 
charge' system Uents of 
mal I mull concern 

CONVENTIONAL 
m L L u r m s  

(continued) 

I con 

Manganese 

Rww HIX"TLS 

Arsenic 

Barium 

Cadmium 

Chromium 

Lead 

mercury 

Selenium 

Silver 

Copper 

Zinc 

PESTICIDES 

0.07 (0 .0005 0.014 0.008 0.05 

0.50 0.70 0.70 0.50 1 . o  

(0.006 <0.006 0.005 0 .02  0 .01  

0 .02  0.01 0.05 0.02 0.05 

0.05 0 .05  0.3) cO.06 0.05 

0.0005 cO.0002 <0.0003 <0.0003 0 . 0 0 2  

<0.0001 <0.0007 0.0004 <0.0006 0 .c1  

0,010 0,007 0.005 (0.005 0.05 

0.093 0 .020  0.46 0.068 1 . o  

1.66 0.38 1.38  0.11 5 . 0  

(No pesticides, PCB's or organir priority poilutants found present) 

3c 

0.5' 

* 
* 

'Based on stream discharge standards established under authority of the Clean Water Act or assumed equivalency to Safe Drinking Water Act standards. 
bBased on limits for toxicity established by EPA under authority of RCRA or typical industrial pretreatment standards. 
'Tentative or anticipated srandard 116 I. 

'N = no specific standards established. 
rasurements were made on a settled but unfiltered sample. 

__- - __ 
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shows t h a t  b o i l e r  modif icat ions can e s s e n t i a l l y  e l imina te  t he  discharge 

of  organic  matter wi th  t h e  bottom ash. 

Treatment P o s s i b i l i t i e s  

P o t e n t i a l  po l lu t ion  problems with ash s l u i c e  water storage and 

d i sposa l  can be solved or reduced s i g n i f i c a n t l y  i n  three ways: 

1. 

2. Lining o r  sealing of  ash ponds and t reatment  of overflow waters, 

Dry handling of the  ash, 

and 

3. Recycle o f  ash pond overflow. 

Dry handling is becoming more common especially wi th  f l y  ash from 

electrostatic p r e c i p i t a t o r s .  Th i s  ash gene ra l ly  is placed i n  s a n i t a r y  

l a n d f i l l s  along wi th  b o i l e r  ash and is  covered t o  reduce i t s  movement 

and t o  minimize contac t  w i t h  water. This  l a t te r  f a c t o r  must be 

considered c a r e f u l l y  because waters passing through bur ied  ash res idues  

can present  poss ib l e  groundwater contamination i n  much the  same manner 

as water leaching from ash  ponds. Most l a n d f i l l s ,  however, are designed 

t o  minimize the  passage of water and should be acceptable f o r  d i sposa l  

of  a sh  from refuse-burning p l a n t s  by the same means as used f o r  d i sposa l  

of ash  from coal - f i red  power p lan ts .  A s i g n i f i c a n t  amount of  f l y  ash 

p resn t ly  is being used as a f i l l e r  material f o r  concrete  and the re fo re  

has some market value.  Bottom ash, however, has  no widespread market 

value.  
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Ash pond overflow waters can be t r e a t e d  t o  meet discharge s tandards 

f o r  most conventional po l lu t an t s .  Biological  t reatment  o r  addi t ion  of 

small amounts of  ac t iva t ed  carbon can be expected t o  reduce the  BOD t o  

below acceptable l e v e l s  f o r  d i r e c t  discharge, b u t  would add considerable  

expense to  s l u i c e  water handling. However, removal of  heavy metals and 

i r o n  and manganese w i l l  r equi re  chemical t reatment  as  used widely i n  

metal processing indus t r i e s .  Treatment t o  reduce ch lo r ides  and t o t a l  

dissolved s o l i d s  w i l l  be more d i f f i c u l t  and would involve such processes  

as ion exchange and r eve r se  osmosis or d i s t i l l a t i o n .  Such extreme 

t reatment  is considered t o  present  unacceptable c o s t  r e s t r i c t i o n s  and 

t h e  need f o r  such t reatment  p r i o r  t o  discharge would be precluded by use 

of dry handling of ash or by complete recycle o f  s l u i c i n g  waters. 

Complete holding and recyc le  of ash s l u i c e  waters presents  an 

a l t e r n a t i v e  t o  discharge.  Possible  problems still e x i s t ,  however, 

because as the  number of  reuses  inc reases ,  the  so lub le  sa l t  content  

increases .  Th i s  can cause s i g n i f i c a n t  corrosion of metal p i p e s ,  pumps 

and ash hoppers. Neut ra l iza t ion  can h e l p  t o  reduce corrosiveness  but  

may not e l imina te  the  problem a l toge the r .  Corrosiveness a l so  can be  

reduced by pe r iod ica l ly  wasting some of the  water i n  inventory and 

rep lac ing  i t  wi th  fresh water, b u t  these blowdown waters m y  then 

themselves present  d i sposa l  problems because of  the i r  high sa l t  content .  

Comments on Environmental Impacts 

Data on e f f luen t s  and emissions from RDF/coal p l a n t s  i n d i c a t e  t h a t  

t he  environmental impacts of  these p l a n t s  w i l l  not  be q u a n t i t a t i v e l y  

d i f f e r e n t  from coal - f i red  powerplants. The small f r a c t i o n  which 
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RDF/coal plants contribute nationally to pollutant emissions make it 

almost impossible to separately assess their environmental impacts. 

Most of these plants ard relatively small (more or less 100 megawatts) 

compared to coal-fired powerplants. They are also, for the most part, 

located in urban areas where, on a population basis, local effects are 

small when compared to the numerous pollutant sources within cities 

themselves. As pointed out (Table 211, the increment of pollutants 

which the average sized RDF/coal plant would add to urban air is very 

small. 

The deposition of these pollutant emissions in urban areas and 

their transport to watersheds represents an almost immeasurable 

pollutant increment when all other emission sources in urban areas are 

considered. 

In the case of new RDF plants such as the Hooker facility in 

Niagara Falls, and the Columbus, Ohio facility, which burn up to 80% RDF 

on a regular basis and occasionally 100% RDF, some limited health and 

environmental threats may arise because of particulate emissions 

enriched in certain toxic trace elements. This is purely speculative 

since no observations have yet been made on new facilities burning high 

percentages of RDF. 

In the case of solid waste disposal, these RDF plants are very 

similar to coal-fired plants, and only slight differences have been 

detected in the leachability of the ash and the composition of 

wastewater effluents. The sites and manner of disposal for solid and 

liquid effluents from these RDF plants is similar to that of coal-fired 

power plants, that is, either ash pits or landfilled with other waste. 

E 
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For the  above reasons ,  i t  is  not  poss ib l e  t o  attach any uniqueness t o  

the  environmental threats o f  RDF/coal-fired powerplants, rather,  they 

should be included i n  the o v e r a l l  assessment o f  environmental impacts 

under c o a l  burning f a c i l i t i e s  and evaluated according t o  t h e i r  power 

r a t i n g .  

On the  o t h e r  hand, modular and mass i n c i n e r a t i o n  do provide new 

cons ide ra t ions  f o r  environmental impact, e s p e c i a l l y  s i n c e  c e r t a i n  of 

these opera t ions  w i l l  take place i n  small towns o r  i n  a r u r a l  s e t t i n g  

where wastewater and ash  disposal may take place i n  as  y e t  r e l a t i v e l y  

undisturbed watersheds. These impacts w i l l  be treated i n  future 

r e p o r t s  

The i n d i r e c t  environmental b e n e f i t s  o f  RDF combustion inc lude  

b e n e f i t s  from the  reduct ion  o f  mass and the consequent smaller l a n d f i l l  

requirements. 

The l o s s  of the  combustible f r a c t i o n  o f  RDF may a l s o  reduce the  

leachate content  o f  organic  acids and decomposition products a r i s i n g  

from anaerobic metabolism, as well as the quan t i ty  o f  leachate a t  

l a n d f i l l  s i tes.  
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4. RECOMMENDATIONS 

RDF FUEL SUPPLY -- 
The unusually high incidence of acc idents  involved i n  t h e  

c o l l e c t i o n  of municipal s o l i d  waste should be analyzed wi th  a view 

toward mi t iga t ion .  The present  lack of uniformity i n  methods and 

equipment, t r a i n i n g ,  and s tandards  of  s a f e t y  probably r e s u l t s  from the  

l a r g e  d i v e r s i t y  of p r i v a t e  and publ ic  cor i t racts  i nd iv idua l ly  negot ia ted 

by c i t i e s  o r  towns. Efforts t o  improve t h i s  s a f e t y  record could be 

expected i f  t r a i n i n g  programs were es tab l i shed  and supported on a 

reg iona l  basis by a s soc ia t ions  of c i t i es  and towns with the a s s i s t ance  

of EPA, t he  National Safety Council and other appropriate organizat ions.  

The detailed acc ident  ana lyses  survey reported by EPA (17) i l l umina te s  

t he  considerable  ga ins  a safety program could produce. 

RDF PROCESSING - 
The experimental  na ture  of  developments i n  t he  RDF processing 

indus t ry  has l ed  t o  unusual hazards i n  t he  workplace. These include 

explosions due t o  flammable waste, r e s p i r a t o r y  hazards from high dus t  

l e v e l s  and v o l a t i l e  t ox ic  compounds, and as y e t  incompletely assessed 

hazards from exposure t o  pathogenic organisms. Suggested mi t iga t ion  

procedures include s a f e t y  barricades and monitoring systems, and 

appropr ia te ly  designed v e n t i l a t i o n  systems a l ready  being introduced. 

Surve i l lance  techniques designed t o  screen  employees f o r  s e n s i t i v i t i e s  

and allergies, t o  assess numbers and types of  pathogens i n  workroom 

atmospheres and t o  improve i n j u r y / i l l n e s s  r epor t ing  systems are 

E 
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important measures to consider. The ASTM committee E138.07, Health and 

Safety Aspects of Resource Recovery, has prepared a set of 

recommendations in this regard which the industry should be encouraged 

to adopt. 

- RDF COWUSTION 

n 

L1 

Combustion test firing of RDF/coal in retrofitted coal burning 

facilities has emphasized the importance of certain equipment 

modifications and limitations in maintaining acceptable or optimum 

pollutant emissions. These include dump grate facilities to assure 

complete combustion of RDF, optimal location of RDF firing ports to 

minimize stack emissions , careful observation of boiler loadings to 

minimize ESP overload and inefficiency due to particulate resistivity 

changes and changing particle size distribution. Such observations 

already nade at hues and St. Louis under limited RDF firing need to be 

repeated at the new facilities designed to burn 80 to 100% RDF at Hooker 

(Niagara Falls) and Columbus, Ohio. Stack studies under full operating 

conditions at these two facilities are necessary to provide data on 

toxic trace elements and organics and the particle size d i s t r i b u t i o n  of 

stack emissions under conditions of full RDF fuel input. Questions 

which remain unanswered on rates of toxic emissions and the efficiency 

and durability of particulate collection system can be resolved. This 

is of particular concern because of the urban location of RDF plants. 
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SOLID WASTE DISPOSAL -- 

E 
E 

Solid waste disposal from RDF plants may pose long-range 

environmental and water quality problems because of toxic element 

leaching rates, particularly from fly ash which has become highly 

enriched in Pb, Cd, Cu and Cr. Inasmuch as coal and RDF ash are 

presently excluded from RCRA regulations on hazardous waste, it is 

recommended that field studies be undertaken to evaluate the leachate 

production and quality of RDF ash under conditions mimicking present 

disposal practices. 

E 
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Appendix A 

CLIMATIOLOGICAL DISPERSION MODEL 

The funct ion of the  Climatiological  Dispersion Model (75) is t o  

compute long-term average concent ra t ions ,  usua l ly  seasonal  o r  annual,  of 

a i r  pol lu%ants  i n  a region. Mult iple  area and poin t  sources  may be 

s p e c i f i e d ,  each a t  its own e f f e c t i v e  he igh t  ana ho r i zon ta l  pos i t ion .  A 

rec tangular  Cartesian coordinate  system is  used f o r  t h e  sources  wi th  

u n i t s  t o  be specified by the  user .  For area sources  a numerical 

i n t e g r a t i o n  is done over t h e  spec i f i ed  source region wi th  each 

i n t e g r a t i o n  poin t  i n  t he  region a c t i n g  as a poin t  source. We used the  

Universal  Transverse Mercator (UTM) coordinates  i n  ki lometers  f o r  the  

hor izonta l  and meters above ground l e v e l  f o r  t he  v e r t i c a l .  

The model computations presented here g ive  the predic ted  increment 

i n  long-term average concentrat ion caused by emissions from t he  RDF/coal 

burning f a c i l i t y  i n  t h e  area assuming an emission rate of  10 kg-S'l. 

This  emission rate,  much higher than a t  any of the  fac i l i t i es  considered 

was used t o  show more clearly the  details  of t he  concentrat ion 

d i s t r i b u t i o n s .  The computed increment 

a c t u a l  emission rate t o ,  IO kg-s" 

concentrat ion taken from a i r  q u a l i t y  

before  the  p l an t  was i n  operat ion.  I n  

fo r  Madison, W I  where the  RDF p lan t  

may be multiplyed by the r a t i o  of 

and added to  the  background 

measurements i n  the region made 

the accompanying f i g u r e s ,  except 

was converted from an e x i s t i n g  

coa l - f i red  u n i t ,  both the  forecast increment assuming 10 kg-S'' and the  

measured background without t h i s  increment are given. . 
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The model assumes a Gaussian plume shape in the horizontal and 

determines the vertical distribution using a mixing depth. If the plume 

vertical half width cz(r> is less than eight tenths of this depth, 

a Gaussian shape is assumed for the vertical. If aZ(c) is greater 

than this the concentration is assumed to be constant in the vertical. 

Here It 5 is the distance from the source to the receptor of interest. 

The mean transporting wind is taken from the Stability Array; 

(STAR) (761, a joint frequency distribution of wind speed, wind 

direction and Pasquill-Gifford stability class (77) available from the 

National Climatic Center, Asheville, NC. The mixing depth is given by 

the mean afternoon depth for daytime, and the mean morning urban mixing 

depth for nighttime computations (78). The means are seasonal or annual 

as appropriate with night and day distinquished by the stability class. 

Unstable conditions are assumed to occur only during the day, and stable 

conditions only at night. Neutral conditions are split between day and 

night in some of the STAR tabulations, but not in those we used for 

Madison, Buffalo (Niagara Falls) or Tampa (Lakeland). We divided the 

neutral stability class for these into two equal parts for annual 

arrays. 

The model permits area and point sources to be at any height above 

ground and determines plume rise for point sources from the Briggs (79) 

formula. The formula uses stack height, diameter, exit speed and exit 

temperature along with ambient air temperature as parameters. No 

distinction is made in the model between day and night ambient 

temperature. Provision is made for decay of the pollutant, but this 

feature was not used in the present computations since dispersion 

distances are short (10 km). 
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The model computes concentrat ions f o r  a maximum of 200 receptors  

which can be a t  any loca t ion  i n  ho r i zon ta l  o r  v e r t i c a l .  Each receptor  

is treated ind iv idua l ly  wi th  its concentrat ion given as the  sum of 

cont r ibu t ion  from a l l  area and poin t  sources.  We assume a l l  r ecep to r s  

t o  be a t  ground l e v e l ,  

Receptors may be ind iv idua l ly  spec i f i ed ,  o r  a g r i d  may be computed 

by t h e  model given 

1. The coordinates  of the  southwest corner 

2. The number of r ecep to r s  i n  the  north-south and east-west 

d i r e c t i o n s  

3. The receptor  spacing 

We used the  second opt ion with 14 r ecep to r s  i n  each d i r e c t i o n  a t  a 

spacing of 1.4 km giv ing  a receptor  g r i d  18.2 km square approximately 

centered on the  source.  Th i s  is the  largest  number of r ecep to r s  i n  a 

square array which is permitted without increas ing  array s i z e s  i n  t he  

program. The accompanying Tables  and Figures show the  r e s u l t s  of  t h e  

computations. 

Star Dates -- 
Columbus January 1974 - December 1974 

Tampa January 1960 - December 1964 

Buffalo January 1964 - December 1973 

Madison January 1964 - December 1973 
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TABLE 27 

Madison,WI CDMQC Input  Paramaters 

C L I :! h T D i 0 G I C A L D I S P E R S I O  I4 1;  0 D E L 

m i ; c c  E A D I ~ : .  , i?sco::s~:i  ui,;uAL 
Ru)i 1 

POLLDIAh7S TO BE H0DLl.W: 

1 )  so2 
2 )  PART 

OPZIATUiG PARMETERS: 

I-KIllIK& OF ARE4 MSSIoli ILVENTORY MAP GRID (IC) .............................. 
1-KflIIKUII OF ARIA E K L S I O B  IISVE5TORY HAP GRID ( I C )  

296 .MK)OO 
a162 .woo0 

1ooo.ooooo mERS 

.............................. 
......................................... UIIrIii OF BASIC UIU S W R C E  SQUARE (In) 

IYI'IIIIL S I W  2 (FEES) F O R  AREA SWR- (U): 

..................................................... STABILITY CUSS: 1 
2 ..................................................... 
3 ..................................................... 
4 ..................................................... 
5 ..................................................... 
6 ..................................................... 

30.OOOM) 
30.00000 
30.WOW 
30.OOMM 
30.00000 
30.00000 

YUlgER OF S W C I O R S  CONSIDERED IE A 22.5 DECREE SECmR ( D m )  .................. 4.00000 
ANGULAR YIDIH OF A SUBSECTOR ( M E I A )  ............................................ 5.62500 DEGRELS 

XXIIUL RADIAL IwcR3(ENT ( D E L R )  ................................................. 2M.ooooo mR3 

RATIO OF MISSION GRID TO KU GRID (RAT) ........................................ 1.Ooow 
GRID CodYERSIO); FACTOR (CV) ..................................................... 1000. 00000 

INITIAL sitil~1-i FACTORS FOR mIm SOURCES 
WIMn.; STACK IIEICH'I FOR UwuSnrwTS ( U P )  
MUIlQm UIIUL V A L E  ( U P l )  ............................................... ................................. 15.W METERS 

1.00 h7ERS 

MSCELWGWS I(R%oROLoGIcIL MIA: 

AVERICE AFTERNOOE K I I I U G  W G H I  (ET) ............................................ 1m.wooo UnERS 
P70.00000 WTERS AVERkGE YOCNRNAL X l l l t i G  W G H I  (KNIL) 

wuli A f n a s p l l w C  TMPERANRE (101) 8.19995 DECREES -IUS 

DECAY W LIFE FOR SO2 ( C B ( 1 ) )  99999.wooo HoIIR5 
DECIY W U F L  FOR PhRI ( G B ( 2 ) )  9595i.00000 HOURS 

.......................................... .............................................. 
................................................ ................................................ 

RhiIO (YD) OF AVERAGE DiTTIYS DJSSIOI f i A E  TO THE 24-HOW WJSSIOS RATE AVERAGE .... 1 .ooooo 
RATIO (K:) OF AVERAGE EIGtiRI>iE P Z S S I O I ;  RATE TO THE 24-tiOUR QUSSIOh RATE AVERACE .. 1 .OOOOG 

BPCICROUI:D COIICENTRATIOII ( B K G R ) ,  ARI~X.DTIC nu;, mR: 
si 0.0 MICROCRfi'S/CU. P Z E R  
PART 0.0 KTCROGRW/CU. U T E 6  

............................................................................ ............................................................................ 
L Y T  CULPi l ; ILIM UST(S) ULLL I N D I V I O U U Y  LIST SOURCES WNTRIBDIIEG GREITZR 
'Id.. 0: E Q U L  TG 0.0 ( (mOF) OF TCTIL CALIBRATED CCUCEh'TRATIOIi 

( I G L L s O )  REGR?SIOL W U A i I O I ~  CONSTAhTS I E P D I  WILL BE W D  TO W B R A T E  C ( W U 2 5 D  COhCwTRITIOtS :  

IhPUi COI:ST*iiTS FOR SO2 : .... 1.00000 

INPDI  C0hSiiI;TS FOR PART: 
P O U T  SLOPE ( C B P ( 2 ) )  .... 

1.00000 
0.0 KICROGRAMSICU. W T E R  
0.0 KTCI(OGRUS/CU. HE7ER 

1.wooo 
AREA SLOPE ( (CBA(2) )  .... 1.WOOO 
'I-IPTERCEPT ( C i ( 2 ) )  ..... 0.0 KICRffiRAKS/CU. " T O R  
BACIGRGUliD (MGR(2)) .... 0.0 H I C R f f i R M / C U .  METER 

E 
C 
E 

E 
G 
E 

n 

- 116 - P 



P 

Figure 1: Hadison,WI Isopleths 

Figure 1 . Climatological Dispersion Model - Groundlevel concentrations 
using 10,000 gm/sec emission source at Madison Gas & Electric 
plant site and meteorological data from met. data - Madison. 
Isopleths are in pg/m 3 I 

8 indicates existing air quality monitoring site. Adjacent 
#’ is annual geometric mean for suspended particulate concen- 
tration in pg/m3. 
arithmatic mean for sulfur dioxide. 

Bottom # (if there is one) is annual 
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c TABLE 28 

Lakeland,FL CDMQC Inpu t  Paramaters 

E 
C L I H A T O L O G I C A L  D I S P L R S I O I .  & Q U E 1  

CDWPC LAKELAND. FLORIDA WMJN 
RUN 4 P 

P O i i V I k l ~ T S  TO 6i YODELED: 

1 )  so1 
2 )  PARI D O P i M i l f i G  P A W Z I L R S :  

X-tiIiiI;.;ii.. OF h3F.h EI4ISSIOI< INVENTOHY I U P  GRID ( I C )  
x a i . ~ m i  OF uw. PH~SSION I Y V E ~ R Y  IUP PRID (IC) 

YIDTIi OF U I C  &E% SOURCE SPUARE (m) 

I Y I i I l L  SIWA 2 (WIERS) FOR AREA SWRCeS (Ul): 

.............................. .............................. 
......................................... 

S i h a I L I T Y  CLASS: 1 ..................................................... 
2 ..................................................... 
3 ..................................................... 
4 ..................................................... 
5 ..................................................... 
6 ..................................................... 

Y G S E R  OP SWECTORS ODNSIDERED DI A 22.5 DiTm ?BczoR (DM) .................. 
AXGLLAR YIDTti OF A SUBSECTDR (THETA) ............................................ 
U;iiIN RADIAL 'WCWIMI (DRR) ................................................. 
RATIO OF EHISSIOti GRID TO U P  GRID (RAT) ......................................... 
G R I D  C0i;VERSIOti FACTOR (CY) ..................................................... 

Hw(UWi< STACK HEIGHT FOR ( U P )  ................................. 
ILUIHW I U I T I N  VUUE ( W P l )  ............................................... 

IliIIIN SICMA-2 F A C T U S  FOR MWZ SOURCES 

0.0 
0.0 

10w.wo00 K€TERs 

30.00000 
so.OOo00 
30.00000 
30.00000 
30.00000 
3Q.OOooo 

II.oww 
. 5.62500 DEGFSES 

250.wOOO llFnRS 

1 .ooooo 
1OOo.ooOOO 

n 
50.00 llRERs 
0.0 mTEns 

14lO.OOOOO HETEPS 
630.00000 HETEKS 
22.39990 DEcaEEs c~is:cs 

95595.00000 HOURS 
59955.00000 HOtiRS 

E.;.!: (YL) OF hVERLGi DAYTIME W J S S I O h  RATE I O  IliE. 24-HOUR WSSIOII RATE AVERAGE .... 
~ A . A L .  (Y..; OF AViR&L. h I C H W U &  i W S S I O h  RAIL TO THE 24-HOUR P U S S I O L  RATE AVERkGE .. 1 .ooooo 

1 .ooooo 

aiXiRGti!s2 COIICE~TRATION ( B K G R ) ,  ARITHXEXIC Wi. FOR: 

S(l2 ............................................................................ 
?A:: ............................................................................ 0.0 M t R f f i R U S / C U .  K E F  

0.0 blICROCKUCIS/CU. YSTEI 

n 
IEPUT COliSTAl;IS FOR SO5 : 

PC1I.T SLOPE ( C b P ( 1 ) )  .... 
AHEA SLOPL ( t C B A ( 1 ) )  .... 
Y-II;IERCE?T (CA(1))  ._.. 
BhCKGROU!ID (BKCR( 1) ) .... 

I i i P J I  COhSIA!pIS FOR PART: 
P0II.T SLOPE ( C B P ( 2 ) )  .... 1 .ooooo 
A R L  SLOPE ((CBA(2)) .... 1 .moo 
Y-IIITBRCEPI ( C h ( 2 ) )  ..... 0.0 I I ICROCRWICU.  " E R  
UCRCROUND (BYGR(2))  .... 0.0 I U C R D G W W C U .  m E R  Q 
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Figure 2 : Lakeland, FL Isopleths (80) 

Figure 2 . Climtogociai Disperison Model - Groundlevel concentrations 
using 10,000 gm/sec emission source at Lakeland Utility - 
McIntosh plant site and meteorological data from met. data - 
Tampa, Florida. 

3 .  Isopleths are in pg/m . 
Q indicates existing air quality monitoring site. Adjacent 
# i s  annual eometric mean for suspended parituclate concentra- 

mean for sulfur dioxide. 
tion in pg/m 3 . Bottom # (if there i s  one) i s  annual arithmatic 
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Buffalo,NY CDMQC Input Paramaters P , 

C L I K A T O L O G I C A L  D X S P E R S I O X  
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O P L M X N G  PAFAKFIERS: 

P I-:UXIKLlM OF AREA EUSSIW IUVEWORY NAP GRID ( I C )  
I-YJLIIKOn OF A R U  WISSION INvE5TORY WP GRID (YG) 

.............................. .............................. 0.0 
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............................................ 

................................................ 
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hATIO (ID) OF AVERAGE DATIIKL DLISSIOE RATE TO TEE 24-ROUR DLISSIMi  RITE AVERAGE .... 
R A T l i r  ( Y N )  OF AVERAGE N I G H T T W  E K I Y I O N  RITE I O  THE 24-WUR W , I O N  RIE AYERAGE .. 1 .ooooo 

1. woo0 

BAC&GROUNL CMiCENTRATIOh ( B K G R ) .  A R I m I C  IQl), FOR: 

502 ............................................................................ 
Pi?? ............................................................................ 

Ai3 CUiPASILITY LI>T(S) UIW INDIVIDUALLY LIST SOURCES CONTRIBUTING GBEITER 
Tr.-i  Oh E Q U L  TO 0.0 ( (CIOF) OF IOTAL CALIBRATED CONCENTRATIOX 

( I O C L = O )  RECRESSIOL EQUATION CONSTANTS INPUT WILL BE USED I O  CALIBRATE COI(PIIIED CONCWIRATIOKS: 

INPUT CONSTANTS FOR PART: 
W I H T  SLOPE (CBP(2)) .... 1 .MOO0 
A E A  SLOPE ((CbA(2)) .... 
Y-INTERCEPT (CA(2)) ..... 
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1.wooo 
0.0 I I ICRf f iRW/CU.  "IER 
0.0 I ( I C R f f i W / C U .  KEIER 

URSUI'S STATISTICAL WDU YIU. BE APPLIED IC3 ME FoLuIyulO AVEIUCIUC Nes (PAP): 

602 
3.0 BWRS 
8.0 HOURS 

20.0 WBS 

3.0 LlouRS 
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Figure 3: Buffalo,NY Isopleths 

Niagra F a l l s ,  NY 

Figure 3 . Climatological Dispersion Hodel - Groundlevel concentrations 
using 10,000 gm/sec emission source at Niagra Falls, Hooker 
Chemical plant site and meteorological data from met. data - 
Buffalo, New York. 

isopleths are in pg/m . 3 

0 indicates existing air quality monitoring site. Adjacent 
# i s  annual geometric mean for suspended particulate concen- 
tration in pg/m3. 
matic mean for sulfur dioxide. 

Bottom # (if there is one) i s  annual arjth- 
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Columbus,OH CDMQC I n p u t  Paramaters  
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Figure 4: Columbus,OH Isopleths 

Columbus, OH 
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Figure 4 .  Climatological Dispersion Model - Groundlevel concentrations 
using'10,OOO gm/sec emission source at Columbus Refuse Dis- 
posal plant site and meteorological data from met. data - 
Col umbus. 

5 Isopleths are in pg/m . 
8 indicates existing air quality monitoring site. 
# is annual geometric mean for suspended parituclate concen- 
tration in pg/m3. 
matic mean for sulfur dioxide. 

Adjacent 

Bottom # (if there is one) is annual arith 
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