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PREFACE 

A .  Purpose of t h i s  Report - 
Standards o f  performance under section 111 of the Clean 

Air Act- 1/ are proposed only a f t e r  a very detailed investigation 

of a i r  pollution control methods available t o  the affected 

industry and  the impact of t h e i r  costs on the industry. 

report summarizes the information obtained from such a study 

of the ferroal loy industry.  

connection with formal proposal of standards f o r  t h a t  industry 

in the Federal Register. I t s  purpose i s  t o  explain the 

background and basis of the proposal i n  greater  detai l  than 

could be included in the Federal Register,  and t o  f a c i l i t a t e  

analysis o f  the proposal by interested persons, including those 

who may n o t  be familiar w i t h  the many technical aspects of the 

industry. For additional information, f o r  copies of documents 

(other t h a n  published l i t e r a t u r e )  c i ted  i n  the Background 

Information Document, o r  t o  comnent on the proposed s t anda rds ,  

contact Mr. Don R .  Goodwin, Director, Emission Standards and 

Engineering Division, United States  Environmental Protection 

Agency, Research Triangle Park, Nor th  Carolina 27711 [ (919)688-8146]. 

B .  Authority fo r  the Standards 

This 

I t  i s  being dis t r ibuted in 

Standards of performance for  new s ta t ionary  sources a re  

promulgated in accordance w i t h  section 111 of the Clean Air Act 

(42 USC 1857c-6), as amended in 1970. Section 111 requires 

1 Sometimes referred t o  as "new source performance 
standF!ds" ( N S P S ) .  
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t h e  establ ishment o f  standards o f  performance f o r  new s t a t i o n a r y  

sources o f  a i r  p o l l u t i o n  which ‘ I . . .  may c o n t r i b u t e  s i g n i f i c a n t l y  

t o  a i r  p o l l u t i o n  which causes o r  con t r i bu tes  t o  t h e  endangerment 

o f  p u b l i c  h e a l t h  o r  wel fare.”  The Act  requ i res  t h a t  standards 

o f  performance f o r  such sources r e f l e c t  ” ... the  degree o f  

emission l i m i t a t i o n  achievable through the  a p p l i c a t i o n  o f  t h e  bes t  

system o f  emission reduc t ion  which ( t a k i n g  i n t o  account the  cos t  

o f  ach iev ing  such reduc t ion)  t h e  Admin is t ra to r  determines has 

been adequately demonstrated. ” The standards apply on ly  t o  

s t a t i o n a r y  sources, t h e  cons t ruc t i on  o r  mod i f i ca t i on  o f  which 

comnences a f t e r  regu la t i ons  are proposed by p u b l i c a t i o n  i n  

t h e  Federal Regis ter .  

Sect ion 111 prescr ibes t h r e e  steps t o  f o l l o w  i n  e s t a b l i s h i n g  

standards o f  performance. 

I .  The Admin is t ra to r  must i d e n t i f y  those c a t e g d e s  o f  

s t a t i o n a r y  sources f o r  which standards o f  performance 

w i l l  u l t i m a t e l y  be promulgated by l i s t i n g  them i n  t h e  

Federal Regis ter .  

2. The regu la t i ons  app l i cab le  t o  a category so l i s t e d  must 

be proposed by p u b l i c a t i o n  i n  the  Federal Req is te r  w i t h i n  

120 days a f  i t s  l i s t i n g .  

persons an oppor tun i ty  f o r  comnent. 

Wi th in  90 days a f t e r  t he  proposal, t he  Admin is t ra to r  

must promulgate standards w i t h  any a l t e r a t i o n s  he deems 

appropr ia te.  

This proposal provides i n t e r e s t e d  

3. 
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I t  i s  impor tant  t o  r e a l i z e  t h a t  standards o f  performance, 

by themselves, do n o t  guarpntee p r o t e c t i o n  o f  h e a l t h  o r  wel fare;  

t h a t  i s .  they a r e  n o t  designed t o  achieve any s p e c i f i c  a i r  

q u a l i t y  l eve l s .  Rather, they  are designed t o  r e f l e c t  best  

demonstrated technology ( tak ing  i n t o  account cos ts )  f o r  t h e  

affected sources. The o v e r r i d i n g  purpose o f  t he  c o l l e c t i v e  

body o f  standards i s  t o  ma in ta in  e x i s t i n g  a i r  q u a l i t y  and t o  

prevent new p o l l u t i o n  p r o b l e m  from developing. 

! 

Previous l e g a l  chal lenges t o  standards o f  performance f o r  

po r t l and  cement p lants ,  steam generators, and s u l f u r i c  a c i d  

p lan ts  have , resu l ted  i n  several  c o u r t  d e c i s i o n s 3  o f  importance I 

1 i n  developing f u t u r e  standards. I n  those cases, t he  p r i n c i p a l  

I issues were whether EPA: (1) made reasoned dec is ions and 

i f u l l y  expla ined the  bas is  o f  - t he  standards, (2)  made a v a i l a b l e  

t o  i n t e r e s t e d  p a r t i e s  the  i n fo rma t ion  on which the  standards 

were based, and (3) adequately considered s i g n i f i c a n t  conments 

from i n t e r e s t e d  p a r t i e s .  

Among o the r  th ings ,  t he  c o u r t  dec is ions establ ished:  

(1) t h a t  p repara t ion  o f  environmental impact statements i s  n o t  

necessary f o r  standards developed under s e c t i o n  i l l  o f  t he  Clean 

A i r  Act because. under t h a t  sect ion,  EPA must consider. any 

counter-product ive environmental e f f e c t s '  o f  a standard i n  

determining what system o f  c o n t r o l  i s .  "best;" (2) i n  consider ing 

costs i t  i s  n o t  necessary t o  p rov ide  a cos t -bene f i t  analys is ;  

2/ P o r t l a n t  Cement A'ssociat ion v Ruckelshaus. 486 F. 2nd 
375 (d.C. C i r .  1973); Essex Chemical Corp. v Ruckelshaus, 486 
F. 2nd 427 (D.C. C i r .  1973). 
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( 3 )  

l eve ls  of control i n  d i f fe ren t  indus t r ies  unless such d i f f e ren t  

standards may. be unfairly discriminatory; and ( 4 )  i t  is 

s u f f i c i e n t  f o r  EPA t o  show t h a t  a standard can be achieved 

ra ther  than t h a t  i t  has been achieved by existing sources. 

EPA i s  not required t o  j u s t i f y  standards tha t  require d i f fe ren t  

Promulgation of standards of performance does not prevent 

S ta te  o r  local agencies from adopting more s t r ingent  emission 

l imi ta t ions  f o r  the same sources. On the contrary section 116 

of the Act (42 USC 1857-D-1) makes c l ea r  t h a t  States  and other 

po l i t i ca l  subdivisions may enact more r e s t r i c t i v e  standards. 

Furthermore, f o r  heavily polluted areas,  more s t r ingent  standards 

may be required under section 110 of the Act (42 USC 1857c-5) i n  

order t o  a t t a i n  o r  maintain national ambient a i r  qual i ty  standards 

prescribed under section 109 (42 USC 1857c-4). Finally,  section 116 

makes c l e a r  t h a t  a State  may not adopt or enforce l e s s  s t r ingent  

standards than those adopted by EPA under section 111. 

Although i t  i s  c l ea r  t h a t  standards of performance should be 
i n  terms of  limits 'on-emissions where feasible,- 31 an a l te rna t ive  

method of requiring control of  a i r  pollution is sometimes 

necessary. 

from a new source may be impractical or exorbitantly expensive. 

In  some cases physical measurement 'of emissions 

3/ '"Standards of performance.' ... refers  t o  the degree of 
emission control which can be achieved through process changes, 
operation changes, d i rec t  emission control,  o r  other methods. The 
Secretary [Administrator] should not make a technical judgment 
as t o  how the standard should be implemented. He should determine 
the achievable l imi t s  and l e t  the owner o r  operator determine the 
most economical technique t o  apply." Senate Report 91-1196. 
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For example, emissions of hydrocarbons from storage vessels for 

petroleum l iquids  are grea tes t  d u r i n g  storage and t a n k  f i l l i n g .  

The nature of the emissions (high concentrations f o r  shor t  

periods d u r i n g  f i l l i n g  and low concentrations f o r  longer 

periods d u r i n g  storage) and the configuration of storage tanks 

make d i r ec t  emission measurement highly impractical. 

a more practical  approach t o  standards of performance for  

storage vessels has been equipment specif icat ion.  

C. Selection of Categories of Stationary Sources 

Therefore, 

Section 111 d i r ec t s  the Administrator t o  p u b l i s h  and from 

time t o  time revise a l i s t  of categories of sources f o r  which 

standards of performance a re  t o  he oroposed. 

be selected ” ... i f  [the Administrator] determines i t  may contribute 

s ian i f icant ly  t o  a i r  pollution which causes o r  contributes t o  the 

endangerment of public health or  welfare.” 

A cateaory i s  t o  

Since passage of the Clean Air Amendments of 1970, considerable 

a t tent ion has been given t o  the development of a system f o r  

assigning p r i o r i t i e s  t o  various source Categories. In b r i e f ,  

the approach tha t  has evolved is as follows. 

First, we assess any areas of emphasis by-considering the 

Often, broad EPA s t ra tegy  f o r  implementing the Clean Air Act. 

these “areas” are  actual ly  pol lutants  whjch a re  primarily emitted 

by s ta t ionary sources. 

pol lutants  a r e  then evaluated and ranked by a process involving 

Source categories which emit these 
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such f a c t o r s  as (1) the  l e v e l  o f  emission c o n t r o l  ( i f  any) 

a l ready requ i red  by Sta te  regu la t ions ;  (2) est imated l e v e l s  

o f  c o n t r o l  t h a t  might r e s u l t  f rom standards o f  pe r fonance  f o r  t he  

source category; (3) p r o j e c t i o n s  o f  growth and replacement 

o f  e x i s t i n g  f a c i l i t i e s  f o r  t he  source category; and (4) the  

est imated incremental  amount o f  a i r  p o l l u t i o n  t h a t  cou ld  be 

prevented, i n  a p rese lec ted  f u t u r e  year, by standards o f  

performance f o r  t h e  source category.  

A f t e r  t he  r e l a t i v e  rank ing  i s  complete, an est imate 

must be made o f  a schedule o f  a c t i v i t i e s  requ i red  t o  develop 

a standard. 

develop a standard f o r  a source category w i t h  a very h i g h  

p r i o r i t y .  Th is  might occur because a program o f  research 

and development i s  needed o r  because techniques f o r  sampling 

and measuring emissions may r e q u i r e  re f inement  before study 

o f  t h e  i n d u s t r y  can be i n f t i a t e d .  

must a l s o  consider  d i f f e rences  i n  t h e  t i m e  requ i red  t o  complete 

t h e  necessary i n v e s t i g a t i o n  f o r  d i f f e r e n t  source categores. 

S u b s t a n t i a l l y  more t i m e  may be necessary, f o r  example, i f  a 

number o f  p o l l u t a n t s  must be i n v e s t i g a t e d  i n  a s i n g l e  source 

category. 

I n  some cases, i t  may n o t  be f e a s i b l e  t o  imned ia te ly  

The schedule o f  a c t i v i t i e s  

Even l a t e  i n  t h e  development process t h e  

schedule f o r  complet ion o f  a s tandard may change. 

example, i n a b i l i t y  t o  o b t a i n  emission data f r o m  

v i i i  
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w e l l - c o n t r o l l e d  sources i n  t ime t o  pursue the  development 

process i n  a systemat ic fashion may force a change i n  

scheduling. 

Se lec t i on  o f ' t h e  source category leads t o  another major 

decis ion:  

t o  which t h e  standard w i l l  apply. 

has several  f a c i l i t i e s  t h a t  cause a i r  p o l l u t i o n .  Emissions 

f rom.som o f  these f a c i l i t i e s  may be i n s i g n i f i c a n t  and, a t  t he  

same t i m e ,  very expensive t o  cont ro l .  An i n v e s t i g a t i o n  o f  

economics may show tha t ,  w i t h i n  the  costs  t h a t  an owner cou ld  

reasonably a f fo rd ,  a i r  p o l l u t i o n  c o n t r o l  i s  b e t t e r  served by 

apply ing standards t o  the  more severe p o l l u t i o n  prob lem.  

t h i s  reason ( o r  perhaps because there  may be no adequately 

demonstrated system f o r  c o n t r o l l i n g  emissions from c e r t a i n  

f a c i l i t i e s ) ,  standards o f t e n  do n o t  app ly  t o  a l l  -sources w i t h i n  

a category. For s i m i l a r  reasons, t he  standards may n o t  apply  

t o  a l l  a i r  p o l l u t a n t s  emi t ted  by such sources. Consequently, 

although a source category may be se lec ted  t o  be covered by a 

standard o f  performance, t reatment  o f  some o f  t he  p o l l u t a n t s  o r  

f a c i l i t i e s  w i t h i n  t h a t  source category may be deferred. 

D. 

determinat ion o f  t he  types o f  sources o r  f a c i l i t i e s  

A source category o f t e n  

For 

Procedure f o r  Development o f  Standards o f  Performance 

Congress mandated t h a t  sources regu la ted  under sec t i on  111 

o f  the  Clean A i r  Act  be requ i red  t o  u t i l i z e  the  bes t  p r a c t i c a b l e  

a i r  p o l l u t i o n  con t ro l  technology t h a t  has been adequately 

i x  



demonstrated a t  t he  t ime o f  t h e i r  design and const ruct ion.  

doing, Congress sought to :  

I n  so 

1. m i n t a i n  e x i s t i n g  h i g h - q u a l i t y  a i r ,  

2. 

3. ensure uni form n a t i o n a l  standards f o r  new f a c i l i t i e s .  

The s e l e c t i o n  o f  standards o f  performance t o  achieve the  

prevent new a i r  p o l l u t i o n  problems, and 

i n t e n t  o f  Congress has been s u r p r i s i n g l y  d i f f i c u l t .  

t h e  standards must (1) r e a l  i s t i c a l l y  r e f l e c t  best  demonstrated 

c o n t r o l  p rac t i ce ;  (2) adequately consider the  c o s t  o f  such con t ro l ;  

(3) be app l i cab le  t o  e x i s t i n g  sources t h a t  are mod i f ied  as w e l l  

as new i n s t a l l a t i o n s ;  and (4) m e t  these cond i t ions  f o r  a l l  

v a r i a t i o n s  o f  opera t ing  cond i t i ons  being considered anywhere i n  

t h e  country.  

I n  general, 

A major p o r t i o n  o f  t he  program f o r  development o f  standards 

i s  spent i d e n t i f y i n g  the bes t  system o f  emission reduc t ion  which 

"has been adequately demonstrated" and q u a n t i f y i n g  the  emission 

r a t e s  achievable w i t h  t h e  system. 

s e c t i o n  111 and t h e  cour t  dec is ions  r e f e r r e d  t o  above make c l e a r  

t h a t  t he  Admin i s t ra to r ' s  judgment o f  what i s  adequately demonstrated 

i s  n o t  l i m i t e d  t o  systems t h a t  are i n  ac tua l  r o d t i n e  use. 

Consequently, t he  search may inc lude  a techn ica l  assessment 

of c o n t r o l  systems which have been adequately demonstrated b u t  

f o r  whlch t h e r e  i s  l i m i t e d  opera t iona l  experience. To date, 

determinat ion o f  the  "degree o f  emission l i m i t a t i o n  achievable" 

The l e g i s l a t i v e  h i s t o r y  o f  

X 



has been comonly based on ( b u t  n o t  r e s t r i c t e d  t o )  resu l t s  

Of t e s t s  of emissions from exis t ing sources. 

required worldwide investigation and measurement of emissions 

from control systems. Other countries w i t h  heavily populated, 

industr ia l ized areas have sometimes developed more e f fec t ive  

systems of control t h a n  those used i n  the United S ta tes .  

This has 

Because the best demonstrated systems of emission reduction may 

not be i n  widespread use, the data base upon which the standards 

are established will necessarily be somewhat limited. Test 

data on exis t ing well-controlled sources are an obvious s t a r t i n g  

point i n  developing emission l imi t s  for  new sources. However, 

since the control o f  exis t ing sources generally represents 

r e t r o f i t  t echnoloy  or  was or ig ina l ly  designed t o  meet an 

exis t ing S ta te  o r  local regulation, new sources may be able 

t o  meet more s t r ingent  emission standards. 

information must be considered and judgment i s  necessarily 

involved i n  s e t t i na  proposed standards. 

Accordingly, other 

Since passage o f . t h e  Clean Air Amendments of 1970. a 

process fo r  the development of a standard has evolved. 

general, i t  follows the guidelines below. 

In 

1. Emissions from exis t ing well-controlled sources 

a r e  measured. 

2. Data on emissions from such sources are  assessed w i t h  

consideration of such factors  as: (a) the representativeness 
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of the source tested (feedstock, operation, s i ze ,  age, 

e t c . ) ;  ( b )  the age and maintenance of the control 

equipment tested (and  possible degradation i n  the 

eff ic iency of control of s imi l a r  new equipment even 

w i t h  good maintenance procedures); (c )  the design 

uncertaint ies  for  the type of control equipment being 

considered; and ( d )  the degree of uncertainty affect ing 

the judgment t h a t  new sources will be able t o  achieve 

similar" levels  of control.  

3. Dur ing  development of the  standards, information from 

p i l o t  and prototype i n s t a l l a t i o n s ,  guarantees by vendors 

of control equipment, contracted ( b u t  n o t  y e t  constructed) 

projects ,  foreign technology, and published l i t e r a t u r e  

are considered, especial ly  for  sources where "emerging" 

technology appears s ign i f icant .  

Where possible, standards a re  s e t  a t  a level t h a t  i s  

achievable w i t h  more than  one control technique o r  

licensed process. 

Where possible, standards a re  set t o  encourage (or  a t ,  least 

permit) the use of process modificatidns o r  new processes 

as a method of control r a the r  than "add-on" systems of 

a i r  pollution control.  

Where possible, standards a r e  set t o  permit use o f  

4. 

5. 

6. 
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systems capable o f  c o n t r o l l i n g  more than one p o l l u t a n t  

( f o r  example, a scrubber can remove bo th  gaseous and 

p a r t i c u l a t e  mat te r  emissions, whereas an e l e c t r o s t a t i c  

p r e c i p i t a t o r  i s  s p e c i f i c  t o  p a r t i c u l a t e  mat te r ) .  

7. Where appropr ia te,  standards f o r  v i s i b l e  emissions a re  

es tab l i shed i n  con junc t ion  w i t h  mass emission standards. 

I n  such cases, t h e  standards are s e t  i n  such a way t h a t  

a source meeting themass emission standard w i l l  be ab le  

t o  meet t h e  v i s i b l e  emission s tandard w i thou t  a d d i t i o n a l  

con t ro l s .  

i s  no mass standard). 

( I n  some cases, such as f u g i t i v e  dust, t h e r e  

F i n a l l y ,  when a l l  p e r t i n e n t  data a re  ava i lab le ,  judgment 

i s  again requi red.  Numerical t e s t s  may n o t  be transposed d i r e c t l y  

i n t o  regu la t ions .  The design and opera t i ng  cond i t i ons  o f  those 

sources f rom which emissions were a c t u a l l y  measured cannot be 

reproduced e x a c t l y  by each new source t o  which t h e  s tandard o f  

performance w i  11 apply. 

E. How Costs are Considered 

Sect ion 111 o f  t he  Clean A i r  Act  requ i res  t h a t  c o s t  be 

considered i n  s e t t i n g  standards o f  performance: To do t h i s  requ i res  

an assessment o f  t h e  poss ib le  economic e f f e c t s  o f  implementing 

var ious l e v e l s  o f  c o n t r o l  technology i n  new p l a n t s  w i t h i n  a 

g iven indus t r y .  The f i r s t  s t e p  i n  t h i s  ana lys i s  requ i res  t h e  

generat ion o f  est imates o f  i n s t a l l e d  c a p i t a l  cos ts  and annual 
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opera t inq  cos ts  f o r  var ious demonstrated c o n t r o l  systems, 

each c o n t r o l  system a l t e r n a t i v e  hav ing a d i f f e r e n t  o v e r a l l  

c o n t r o l  c a p a b i l i t y .  The f i n a l  s t e p  i n  the  ana lys i s  i s  t o  

determine the economic Impact o f  t he  var ious c o n t r o l  a l t e r n a t i v e s  

upon a new p l a n t  i n  the  i ndus t r y .  

be addressed I n  t h i s  step i s  whether o r  n o t  a new p l a n t  would 

be const ructed g iven t h a t  a c e r t a i n  l e v e l  o f  c o n t r o l  costs  would 

be incur red .  Other issues t h a t  would be-analyzed i n  t h i s  s tep  

would be the  e f f e c t s  of c o n t r o l  cos ts  upon produc t  p r i c e s  and the  

e f f e c t s  on product  and raw m a t e r i a l  suppl ies and producer 

The fundamental quest ion t o  

p r o f i t a b i l i t y .  

The economic impact upon an i n d u s t r y  o f  a proposed standard 

i s  u s u a l l y  addressed both i n  absolute terms and by comparison 

w i t h  the  c o n t r o l  cos ts  t n a t  would be i ncu r red  as a r e s u l t  

o f  compliance w i t h  t y p i c a l  e x i s t i n g  Sta te  c o n t r o l  regu la t i ons .  

This  incremental  approach Is taken s ince a new p l a n t  would 

be requ i red  t o  comply w i t h  S ta te  regu la t i ons  i n  the  absence 

o f  a Federal standard o f  performance. Th is  approach requ i res  

a d e t a i l e d  ana lys i s  of the  impact upon the  i n d u s t r y  r e s u l t i n g  

from the  c o s t  d i f f e r e n t i a l  t h a t  u s u a l l y  e x i s t s  between the  

standard of performance and the  t y p i c a l  S ta te  standard. 

It should be noted t h a t  t he  cos ts  f o r  c o n t r o l  o f  a i r  

p o l l u t a n t s  are n o t  t he  on ly  c o n t r o l  cos ts  considered. To ta l  

environmental cos ts  f o r  c o n t r o l  o f  water p o l l u t a n t s  as w e l l  
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as a i r  pollutants a re  analyzed wherever possible. 

A thorough study of the p r o f i t a b i l i t y  and pr ice-set t ing 

mechanisms of the industry i s  essent ia l  t o  the  analysis so 

t h a t  an accurate estimate of potential  adverse economiL impacts 

can be made. I t  is a l so  essent ia l  t o  know the capi ta l  requirements 

placed on plants i n  the absence of Federal s t anda rds  of performance 

so t h a t  the additional capi ta l  requirements necessitated by these 

standards can be placed i n  the proper perspective. 

i s  necessary t o  recognize any constraints  on capi ta l  a v a i l a b i l i t y  

w i t h i n  an industry as t h i s  fac tor  a lso influences the a b i l i t y  

of new plants t o  generate the capi ta l  required f o r  i n s t a l l a t ion  

of the additional control equipment needed to meet the standards 

of performance. 

Finally,  i t  

1 

I 

The end result of the analysis i s  a presentation of costs 

and potential  economic impacts f o r  a s e r i e s  of control 

a l te rna t ives .  

the Administrator considers i n  se lect ing a standard. 

F. Impact on Existinq Sources 

T h i s  information is then a major fac tor  which 

Proposal of standards of performance may a f f ec t  an exis t ing 

source i n  e i t h e r  of two ways. 

proposal of the standards, w i t h  a subsequent increase i n  

a i r  po l lu t ion .  i t  is subject t o  s tandards  of performance as  

i f  i t  were a new source. (Sectlon 111 of the Act defines a 

new source as "any s ta t ionary source, the construction o r  

First, i f  modified a f t e r  
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modification of which i s  c o m n c e d  a f t e r  the  regulations a re  
proposed. ' I ) -  4/ 

Second, promulgation o f  a standard of performance requires 

States  t o  es tab l i sh  standards o f  performance fo r  the same pol lutant  

f o r  ex is t ing  sources i n  the same industry under sect ion l l l ( d )  of 

the Act; unless the pol lutant  l imited by the standard f o r  new 

sources i s  one l is ted under sect ion 108 (requiring promulgation of 

national ambient a i r  qua l i ty  standards) or  one l i s t e d  as a 

hazardous pol lutant  under sect ion 112. 

EPA must es tab l i sh  such standards. 

procedures f o r  control of ex i s t ing  sources under sect ion l l l ( d )  

will be proposed a s  Subpart B of 40 CFR Part  60. 

G .  Revision o f  Standards of Performance 

I f  a S t a t e  does not  ac t ,  

Regulations prescribing 

Congress was aware tha t  the level o f  a i r  pollution control 

achievable by any industry may improve w i t h  technological 

advances. 

the Administrator may revise  such standards from time t o  time. 

Although standards proposed and promulgated by EPA under section 111 

are designed t o  r e q u i r e  i n s t a l l a t i o n  of the 'I... best system of 

emission reduction . . . (taking i n t o  account the cost) .  . ." 
the standards will  be reviewed per iodical ly .  

proposed and promulgated as necessary t o  assure t h a t  the standards 

Accordingly, section 111 of the Act provides t h a t  

Revisions will  be 

4 Specif ic  provisions dealing w i t h  modifications t o  existing 
f a c d i e s  a re  being proposed by the Administrator under the 
General Provisions of 40 CFR Part 60. 
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continue t o  reflect the best systems t h a t  become available 

in the future. Such revisions will n o t  be retroactive but  

will apply to  stationary sources constructed or modified after 

proposal of the revised standards. 

xvi i 



TABLE OF CONTENTS 

I. THE FERROALLOY INDUSTRY .................................... 1 

A. General ................................................ 1 

B. Processes o r  F a c i l i t i e s  and The i r  Emissions ............ 6 

11. PROPOSED STANDARDS OF PERFORMANCE., ......................... 15 

A. Standards o f  Performance as Proposed ..................... 15 

Discussion o f  Proposed Mass Standards ................... 15 

Discussion o f  Proposed Opacity Standards ................. 18 

B. 

C. 

111. EMISSION CONTROL TECHNOLOGY ................................ 21 

A.  Open Furnace ........................................... 21 

B. The Semi-Enclosed Furnace .............................. 24 

C. The Sealed Furnace ..................................... 28 

D. Control  o f  Fumes During Tapping ........................ 31 

I V .  ENVIRONMENTAL EFFECTS ...................................... 33 

A. Impact on A i r  P o l l u t i o n  ............................... 33 

B. Impact on Water F o l l u t i o n  .............................. 37 

C. Impact on S o l i d  Waste P o l l u t i o n  ........................ 38 

D. Energy Considerations .................................. 39 

.......... V. SUMMARY OF THE PROCEDURE FOR DEVELOPING STANDARDS 41 

A. L i t e r a t u r e  Review and I n d u s t r i a l  Contacts .............. 41 

B. Select ion o f  Po l lu tan ts  and Af fec ted  F a c i l i t i e s  ........ 42 

C. P lan t  Inspect ions ...................................... 44 

D. and Ana ly t i ca l  Procedures.. .................... 45 

xviii ' 



E . Emission Measurement Program ............................ 
F . Units o f  the Standard ................................... 
G . Development o f  Proposed Standards ....................... 
DATA TO SUBSTANTIATE A STANDARD ............................. 
A . Concentrat ion and Mass Data ............................ 

I 8 . V i s i b l e  Emission Data .................................. 

V I  . 

~ 

VI1 . SUMMARY OF ECONOMIC INFORMATION ............................ 
A . I n t r o d u c t i o n  ........................................... 
8 . Model P lants  ........................................... 
C . Control  Costs .......................................... 
D . Discussion o f  t h e  Contro l  Costs ........................ 
E . Economic Impact ........................................ 

I 

I 

1 

1 

I VI11 . ALTERNATIVE STANDARDS ...................................... 
A . 
B . 
C . 

A l t e r n a t i v e  Standards f o r  P a r t i c u l a t e  Mat ter  ............ 
A l t e r n a t i v e  Standards f o r  Carbon Monoxide (CO) .......... 
A l t e r n a t i v e  Standards f o r  V i s i b l e  Emissions ............. 

............... IX . ENFORCEMENT ASPECTS OF THE PROPOSED STANDARDS 

A . P a r t i c u l a t e  Mat ter  Standard ............................. 
8 . V i s i b l e  Emissions Standard .............................. 
C . Carbon Monoxide Standard ................................ 
D . Emission Moni tor ing ..................................... 
E . Moni tor ing o f  Operations ................................ 

X . MODIFICATIONS ............................................... 
A . Open Furnaces ........................................... 

xix'  

46 

41 

48 

51 

51 

61 

65 

65 

66 

68 

84 

a7 

89 

89 

99 

1d1 

1d3 

103 

107 

107 

108 

108 

111 

113 



8 . Semi-Enclosed Furnaces ................................. 113 

c . Sealed Furnaces ........................................ 113 

XI . MAJOR ISSUES CONSIDERED .................................... 115 

X I 1  . REFERENCES ................................................. 135 

A . Ci ted  References ....................................... 135 

B . General References ..................................... 145 

TECHNICAL REPORT DATA ........................................... 147 

x x  



~. 

I .  THE FERROALLOY INDUSTRY 

A. General 

A ferroal loy i s  "a crude alloy of iron w i t h  one o r  more other elements 
! , ( l )  (as metals) used f o r  deoxidizing molten steels and making alloy s t ee l s .  

A l i s t  of the major ferroalloys and  t h e i r  manufacturing processes i s  shown 

in Table 1-1. 

ferroalloy plants by a process s imilar  t o  t h a t  f o r  ferroalloys.  

of this report, "ferroalloys" will include calcium carbide unless otherwise 

specified.  

Calcium carbide, although not a ferroal loy,  i s  produced a t  

For purposes 

The United States  i s  the world's l a rges t  producer and user of ferroalloys.  

In 1971, about 2,331,000 tons of ferroalloys valued a t  about 558 million 

dollars were produced by the United States  ferroal loy industry. (') Another 

400,000 tons o f  high-carbon ferromanganese were manufactured by the iron 

and s tee l  industry i n  b las t  furnaces. 

ferroalloys were imported. During the 10 years prior t o  1972, the United 

States '  consumption o f  ferroalloys increased a t  an average annual r a t e  of 

2 percent while average production increases were 1.5 percent per year. 

Table 1-2 shows the companies, plant locations,  plant s izes ,  products, furnace 

types and number of furnaces fo r  each domestic producer f o r  the year 1971. 

In 1971 the industry employment was about 10,100 persons. 

An additional 380,000 tons of 

(3)  

( 4 )  

Section l l l ( b ) ( l )  of the Clean Air Act, as amended, requires t ha t  the 

Environmental Protection Agency develop standards of performance fo r  

sources which "cause o r  contribute t o  the endangerment of public health 

1 



Table 1-1 

Major  Fer roa l loys  and T h e i r  Manufacturing Processes 

Submerged-arc furnace process - S i l v e r y  i r o n  
50% F e r r o s i l i c o n  
65-75% F e r r o s i l  i con  
S i l i c o n  metal 
Calcium s i l i c o n  
S i  1 icomanganese z i rconium (SMZ) 
H i  g h-carbon (HC) f erromanganese 
S i  1 icomanganese 
Ferromanganese s i l i c o n  
Charge chrome and HC ferrochrome 
Ferrochrome s i l i c o n  
Calcium carb ide  

Exothermic process - Low-carbon (LC) ferrochrome 
LC ferromanganese 
Medium-carbon (MC) ferromanganese 
Chromium metal ,  FeTi, FeV and FeCb 

E l e c t r o l y t i c  process - Chromium metal 
Manganese metal  

Vacuum furnace process - LC ferrochrome 

I n d u c t i o n  furnace process - F e r r o t i  tanium 
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or welfare." 

matter. a pollutant for  which ambient a i r  qual i ty  standards were 

promulgated i n  40 CFR 50. 

a i r  quali ty c r i t e r i a  are  based on non-specific par t iculate  matter. 

addition, par t iculate  matter emissions resu l t  in the deleterious e f fec ts  

of so i l ing ,  nuisance properties, reduction of v i s i b i l i t y  and modification 

of atmospheric conditions. Ferroalloy plants were specif ical ly  mentioned 

in a Report of the Committee on Public Works, United States Senate, 

as a source category t o  which standards of performance for  new sources 

The major pollutant from ferroalloy plants is par t iculate  

The health e f fec ts  data necessary t o  issue 

In 

could be expected t o  apply. (5) 

The r a t e  of par t iculate  matter emissions from the United States ferroalloy 

industry i n  1967 is estimated t o  have been 160,000 t o n s  per year. (6) 

This to ta l  consists of 1,000 tons from blast  furnaces, 150,000 tons from 

e l ec t r i c  submerged-arc ( E S A )  furnaces, and 9,000 tons from handling of 

materials. 

assumes an average control efficiency of about 40 percent. 

estimated tha t  in l670 about 50 percent of the exis t ing ESA furnace capacity 

operating i n  the United States  was equipped w i t h  par t iculate  matter emission 

control systems which had eff ic iencies  ranging from 75 t o  99 percent (including 

capture and treatment of tap fumes). (7)  Obviously the major source of 

ferroalloy plant par t iculate  matter emissions is  the ESA furnace. 

therefore the primary candidate f o r  standards of performance for new sources. 

The estimate o f  150,000 tons of emissions from E S A  furnaces 

I t  has been 

I t  i s  

There are several processes, which are  minor sources of emissions 

compared t o  the E S A  furnace, for  which standards a re  not now being 

4 
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recomnended. These processes, l i s t e d  below, are candidates f o r  standards 

which may be developed i n  t h e  fu tu re :  

. The e l e c t r o l y t i c  process 

. Vacuum and induc t ion  furnaces 

. Product s i z i n g  

. Raw m a t e r i a l s  handl ing and prepara t ion  

There are on ly  s i x  e l e c t r o l y t i c  process operat ions i n  t h e  Uni ted States 

f e r r o a l l o y  indust ry .  These produce chromium, manganese, and manganese 

dioxide. The e l e c t r o l y t i c  process r e s u l t s  i n  emissions o f  a m n i a  and 

s u l f u r  oxides. (8) 

Vacuum and induc t ion  furnaces are used t o  produce f e r r o a l l o y s  a t  fewer 

than f i v e  l o c a t i o n s  i n  the Uni ted States.  

The f i n a l  f e r r o a l l o y  products are marketed i n  s izes ranging from 

75-pound pieces t o  f i n e  powders. 

are used f o r  s i z i n g  t h e  products. 

emit ted f rom crushing and screening operat ions has no t  been quant i f ied ,  

i t  i s  s u b s t a n t i a l l y  less  than p a r t i c u l a t e  mat te r  emissions from ESA furnaces. 

About h a l f  o f  t h e  e x i s t i n g  f e r r o a l l o y  o l a n t s  have a i r  p o l l u t i o n  abatement 

equipment f o r  these operations.'') No measurements o f  emissions from 

f e r r o a l l o y  crushing and s i z i n g  operat ions have been made by EPA. 

Several types o f  crushers and screens 

Although t h e  amount o f  p a r t i c u l a t e  mat ter  

Raw m a t e r i a l s  such as ores, quar tz  o r  q u a r t z i t e ,  l imestone, scrap 

s tee l ,  coke, and coal are de l i vered  t o  f e r r o a l l o y  p lan ts  by ship,  

5 



r a i l r o a d  cars, o r  t rucks  and then ark no rma l l y ' t rans fe r red  t o  outdoor 

storage p i l e s .  These ma te r ia l s  range i n  s i z e  from 5 inches t o  1/4 inch, 

but conta in  s i g n i f i c a n t  q u a n t i t i e s  o f  dus t .  Entrainment o f  t he  dust  by 

wind may be minimized by s h e l t e r i n g  the  s torage p i l e s  w i t h  block w a l l s ,  

snow fences, o r  p l a s t i c  covers, o r  by spraying w i t h  water. 

Add i t iona l  dust  may be generated dur ing  loading, unloading, t rans fe r r i ng ,  

and pretreatment o f  t h i s  raw mate r ia l .  Pretreatment may inc lude operat ions 

such as crushing, s iz ing ,  dry ing, mixing, p e l l e t i z i n g ,  and s i n t e r i n g .  

Standards o f  performance f o r  these Operations a re  no t  recommended a t  t h i s  

t ime but may be considered i n  the f u t u r e .  

8. Processes o r  F a c i l i t i e s  and The i r  Emlssions 

1. The e l e c t r i c  submerged-arc furnace product ion process. 

A t y p i c a l  f l o w  diagram o f  f e r r o a l l o y  product ion i s  shown i n  

F igure  1-1. As discussed prev ious ly ,  the major source o f  p o l l u t i o n  

i s  the  e l e c t r i c  submerged-arc furnace which perfarms the  smel t ing 

operat ion.  The furnace (Figure 1-2) cons is ts  o f  a hear th l i n e d  

w i t h  a high-temperature r e f r a c t o r y  which has holes t o  permi t  tapping 

(or d ra in ing )  o f  metal  and slag. The furnace s h e l l  and i t s  hood o r  

cover components a re  fab r i ca ted  f r o m  s tee l .  These a re  water cooled 

t o  p r o t e c t  then from the heat o f  the  process. Above the  hear th  are 

th ree  carbon e lect rodes v e r t i c a l l y  suspended i n  a t r i a n g u l a r  format ion.  

Although these e lect rodes may be prebaked o r  o f  the  se l f -bak ing,  

-- i n  s i t u  Soderberg type, t he  t r e n d  i s  t o  use the  Soderberg e lect rodes.  

6 
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Electrodes extend three t 3  f ive f ee t  in to  the charge materials. 

Three-phase current arcs through the charge material from electrode 

to  electrode. 

to  heat. 

in the metal oxides t o  form carbon monoxide and reduce the ores t o  

base metal. 

These reaction gases entrain par t iculate  matter and carry them from 

the furnace. 

The charge melts as the e l ec t r i ca l  energy i s  converted 

Coke added t o  the furnace chemically reacts w i L h  the  oxygen 

Large quant i t ies  of by-product carbon monoxide are  formed. 

Power i s  applied continucdsly t o  the ESA furnace. Feed materials 

may be charged continuously o r  intermittently.  Molten ferroalloy i id 

s lag are intermittently tapped in to  ladles from ports i n  the lower 

furnace wall. 

o r  continuously tapped.) From the ladles ,  the melt i s  poured i n t o  

molds or casting machines. 

i t  i s  crushed, sized, loaded and shipped t o  customers. 

(Furnaces producing calcium carbide may be intermit tent ly  

After the product cools and s o l i d i f i e s ,  

2. Emissions from ESA furnaces. 

A study of emissions from the United States  ferroalloy industry by 

EPA and The Ferroalloys Association was completed i n  1973. 

study, which began before promulgation of the Clean Air Act Amendments 

of 1970, EPA measured emissions from several ferroal loy furnaces and 

collected samples o f  emissions for  chemical analysis  from open furnaces 

producing ferrochrome-si1 icon, silicomanganese, and high-carbon ferro- 

chrome. 

Dur ing  this 

(Open, semi-enclosed, and sealed furnaces are  described i n  

9 



Chapter I11 o f  t h i s  document.) I n  add i t ion ,  metals analyses were 

performed on samples of manganese ore, chrome ore, and ferromanganese 

s l a g  used as charge mater ia l  f o r  a sil icomanganese furnace. 

No s i g n i f i c a n t  concentrat ions o f  s u l f u r  d iox ide were found i n  

t h e  exhaust gases from f i v e  furnaces tes ted  by EPA. SO2 concentrat ions 

ranged from 1 t o  17 ppm and emissions d i d  n o t  exceed 7 pounds per  

A s i g n i f i c a n t  amount o f  carbon monoxide gas i s  formed as a by- 

product o f  t h e  ESA reduc t ion  process. Depending on the type o f  

furnace, t h i s  gas i s  e i t h e r  burned a t  t h e  surface o f  the charge 

mater ia l  o r  captured by the emission cont ro l  system. 

i t  may be f l a r e d  a t  t h e  stack o f  t h e  c o l l e c t i o n  device o r  used f o r  

fuel o r  o ther  chemical processes. 

I f  t h e  l a t t e r ,  

No n i t r o g e n  oxides are formed d u r i n g  t h e  carbon reduct ion of 

o x i d i c  ores. 

P a r t i c u l a t e  mat te r  emissions, t h e  major p o l l u t a n t  i n  t h i s  indust ry ,  may 

vary from 150 t o  2,000 pounds per  hour f rom an uncont ro l led  ESA furnace. 

The actual  r a t e  depends on: (11 1 

. 

. Choice and s i z e  o f  r a w  mater ia ls .  

. Operat ing techniques. 

. 

The type o f  a l l o y  produced. 

Existence o f  a furnace shutdown o r  s ta r t -up  condi t ion.  

10 



Chemical analyses of samples of par t icu la te  emissions revealed 

no s ignif icant  amounts of heavy metals such as mercury, beryllium, 

cadmium, o r  arsenic. (12)  The physical properties and quant i t ies  

of particulate matter emitted qenerallv depend won the a1 lov being 

produced, b u t  the par t ic le  s i ze  is usually below 2 microns. 

mass median diameter ( the  diameter a t  which 50 percent of the 

par t ic les  by weight are smaller and 50 percent are larger)  of 

The 

, emissions from open furnaces producing ferrochrome s i l icon ,  

silicomanganese, and high-carbon ferrochrome has been measured by 
EPA as between 0.66 to  1 .7  micron. (13) 

The type of a l loy produced af fec ts  the quantity of uncontrolled 

emissions. 

furnaces tes ted by EPA (excluding t a p  fumes) varied from 25 t o  144 

pounds per megawatt-hour of power consumption f o r  furnaces producing 

ferrochrome s i l icon  and s i l icon  metal. The uncontrolled par t iculate  

matter emission r a t e  will a lso vary f o r  d i f fe ren t  grades of a given 

product. 

increase w i t h  increasing s i l icon  content of the product, so that  

a furnace will emit more par t iculate  matter when producing 75 percent 

than when producing 50 percent ferrosi l icon.  

Uncontrolled par t iculate  matter emissions from open 

For instance, the ra te  of uncontrolled emissions will 

1 1  



The type and s i ze  of raw material a lso a f fec ts  the emission rate .  

A porous charge promotes uniform gas dis t r ibut ion and furnace operating 

s t a b i l i t y .  

through the furnace charge, and b r i d g i n g  and nonuniform descent of charge 

materials. 

which r e su l t s  i n  unstable furnace operation. Another fac tor  which 

influences furnace operation and emissions i s  the vo la t i l e  content 

of the charge material ,  including moisture and undesirable chemicals. 

Very f i n e  materials may promote channelization of gas flow 

Collapse of a bridged area causes a momentary surge of gas 

The design of the furnace and i t s  power consumption a f f ec t  the 

r a t e  of uncontrolled emissions. 

control i s  reported t o  generate l e s s  emissions t h a n  an equivalent 

open furnace without control. ( '4)  Uncontrolled emissions from a 

furnace producing a given alloy are re la ted t o  furnace production 

A covered or sealed furnace w i t h o u t  

w h i c h  i s  a function of power consumption. (151, (16) 

Differences i n  operating techniques can also s igni f icant ly  a f f ec t  

the uncontrolled emissions from a furnace. (16) Operation a t  higher 

voltages requires the electrodes t o  be positioned higher, resul t ing 

in increased emissions. Poor placement of m i x  o r  insuf f ic ien t  feed 

r a t e  of the mix increases emissions through the open, annular areas 

around the electrodes of a semi-enclosed furnace. Manufacture of 

s i l i con  metal requires stoking of the charge t o  break up c rus t ,  

permitting uniform evolut ion of reaction gases, and preventing 

1 2  



v i o l e n t  j e t s  o f  gas emanating from t h e  furnace reac t ion  zone. 

Emissions can vary depending upon the frequency and adequacy o f  

stoking. 

Furnace shutdowns may be caused by broken electrodes, water leaks, 

tap hole problems, u t i l i t y  f a i l u r e s ,  and many o t h e r  reasons. 

s t a r t  up a f t e r  s h o r t  shutdown periods, uncont ro l led  emissions r e t u r n  

t o  normal l e v e l s  i n  a t i m e  per iod  approximately equal t o  t h e  l e n g t h  

o f  i n t e r r u p t i o n .  

been shut down f o r  a long t i m e  period, heavier-than-normal uncont ro l led  

emissions may occur f o r  a per iod  vary ing  from a few days t o  several weeks. 

Upon 

When s t a r t i n g  up a new furnace o r  one which has 

Emissions from e x i s t i n g  f e r r o a l l o y  furnaces are r e s t r i c t e d  by 

State regulat ions.  

are t h e  r e s u l t  o f  State implementation p lans developed pursuant t o  

sec t ion  110 o f  t h e  Clean A i r  Act, as amended. 

func t ion  o f  the product being manufactured, al lowable emissions must 
be ca lcu la ted  f o r  t h e  p a r t i c u l a r  a l l o y  be ing produced. For example, 

a l lowable emissions from a 30-megawatt furnace loca ted  i n  Ohio producing 

calc ium carbide, silicomanganese, and ferromanganese are about 29, 32, 

and 46 pounds p e r  hour r e s p e c t i v e l y  (0.97 t o  1.5 pounds per  megawatt- 

hour furnace power consumption). (17) I t i s  doubt fu l  t h a t  these 

regu la t ions  can be a t t a i n e d  w i thout  c o n t r o l  o f  tapping fumes. 

Consequently, i t  would appear t h a t  w i t h  proper enforcement, t h e  

State regu la t ions  wi1,l r e q u i r e  i n s t a l l a t i o n  o f  c o n t r o l  systems which 

w i l l  minimize emissions dur ing  t h e  tapping operation. 

These are a l l  o f  the process weight type and most 

Since product ion r a t e  i s  a 

I 

I 
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11. PROPOSED STANDARDS OF PERFORMANCE 

A. Standards o f  Performance as  Proposed 

The proposed standards o f  performance f o r  f e r r o a l l o y  p l a n t s  l i m i t  

the discharge o f  p a r t i c u l a t e  mat te r  as fo l lows:  

No owner o r  operator  s h a l l  cause t o  be discharged t o  the atmosphere 

frozi any a f f e c t e d  f a c i l i t v  anv Qases 'which: 

1. Contain p a r t i c u l a t e  mat te r  i n  excess of 0.45 kg/Mw-hr 

(0.99 lb/MN-hr) wh i le  t h a t  f a c i l i t y  produces s i l i c o n  

metal,  f e r r o s i l i c o n  (50 percent s i l i c o n  and above), 

calc ium s i l i c o n ,  o r  silicomanganese zirconium. 

Contain p a r t i c u l a t e  mat te r  i n  excess o f  0.23 kg/Mw-hr 

(0.51 l b / h - h r )  wh i le  t h a t  f a c i l i t y  produces high-carbon 

ferrochrorne, charge chrome, standard ferromanganese, 

silicomanganese, calc ium carbide, ferrochrome s i l i c o n ,  

ferromanganese s i l i c o n ,  o r  s i l v e r y  i r o n .  

2. 

3. E x h i b i t  20 percent opac i ty  o r  greater .  This opac i ty  

requirement s h a l l  apply t o  a l l  gas streams from the 

a f f e c t e d  f a c i l i t y  except as fo l lows:  

(i) Any emissions which escape t h e  furnace hood o r  cover s h a l l  n o t  

be v i s u a l l y  detectable w i t h o u t  t h e  a i d  o f  instruments. 

(ii) Any emissions which escape t h e  c o n t r o l  device a t  t h e  tapping 

s t a t i o n  s h a l l  n o t  be v i s u a l l y  detectable w i thout  the a i d  o f  

ins t runents  f o r  more than 40 percent o f  each tapping per iod.  
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This requirement app l ies  t o  fumes which may escape t h e  device 

( requ i red  by t h e  standard) used t o  capture tapping fumes. 

Any emissions from t h e  dus t  handl ing equipment s h a l l  n o t  

e x h i b i t  10 percent o p a c i t y  o r  g rea ter .  

(iii) 

The proposed standards l i m i t  the discharge o f  carbon monoxide as 

f o l l  ows : 

No Owner o r  operator  s h a l l  d ischarge o r  cause the discharge i n t o  

the atmosphere from any a f f e c t e d  f a c i l i t y  any gases which conta in  

20 o r  g rea ter  volume percent o f  carbon monoxide, d ry  basis.  

Combustion o f  carbon monoxide under cond i t ions  acceptable t o  t h e  

Admin is t ra tor  s h a l l  c o n s t i t u t e  compliance wi th  t h i s  paragraph. Acceptable 

condi t ions i n c l u d e  b u t  a r e  n o t  l i m i t e d  t o  f l a r i n g  o f  gases o r  use o f  gases 

as f u e l  f o r  o ther  processes such as p l a n t  b o i l e r s  o r  raw mater ia l  dryers.  

B. Discussion o f  Proposed Mass Standards 

The proposed standards f o r  p a r t i c u l a t e  mat te r  and v i s i b l e  emissions 

can be achieved w i t h  open, semi-enclosed and sealed furnaces w i t h  appro- 

p r i a t e  hooding and a i r  p o l l u t i o n  c o n t r o l  devices (i .e. v e n t u r i  scrubbers, 

ventur i  scrubbers i n  ser ies  w i t h  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 ,  o r  f a b r i c  

f i l t e r s ) .  

would encourage t h e  use o f  sealed furnaces f o r  those f e r r o a l l o y  products 

t h a t  can be produced i n  sealed furnaces; however, such a standard has a 

major disadvantage i n  t h a t  i t  would r e s t r i c t  t h e  f l e x i b i l i t y  o f  new furnaces 

t o  respond t o  f l u c t u a t i n g  market demands. 

As po in ted  o u t  i n  Chapter VIII, a standard was considered which 

A s p e c i f i c  sealed furnace can be 
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used t o  produce o n l y  one f a m i l y  o f  products. 

be adapted t o  $he product ion o f  o ther  f e r r o a l l o y s  w i thout  changing t h e  

e lec t rode spacings (which a r e  determined by t h e  product f a m i l y ) .  

do t h i s  on a sealed furnace a lso  requ i res  r e p l a c i n g  the furnace cover. 

Thus, m o d i f i c a t i o n  o f  sealed furnaces t o  produce other  products i s  pro- 

h i b i t i v e l y  expensive. Product f l e x i b i l i t y  i s  poss ib le  a t  minimum cos t  

with open furnaces which have m u l t i p l e  t r a n s f o n e r  taps and ad jus tab le  

electrodes. 

The sealed furnace cannot 

To 

The i n d u s t r y  has a l l e g e d  t h a t  a standard r e q u i r i n g  sealed furnaces 

( w i t h  t h e i r  a t tendant  l i m i t e d  product f l e x i b i l i t y )  would severe ly  handicap 

the small domestic producers: 

respond t o  a r a p i d l y  changing wor ld  market. 

w i t h  adequate c a p i t a l  and market ing c a p a b i l i t i e s  could commit a l a r g e  

furnace t o  one product l i n e .  Since a few l a r g e  sealed furnaces 

could supply t h e  e n t i r e  Uni ted States market f o r  s e l e c t  mater ia ls ,  a 

l a r g e  company could i n s t a l l  several and d r i v e  t h e  small producer from 

the market. thereby e l i m i n a t i n g  domestic compet i t ion.  

(1)  It would e l i m i n a t e  h i s  a b i l i t y  t o  

( 2 )  Only l a r g e  companies 

( 3 )  

EPA attempted t o  determine t h e  need f o r  furnace f l e x i b i l i t y .  Data 

were obtained on var ious products made i n  each furnace over a 5 t o  10-year 

per iod  f r o m  several Uni ted States f e r r o a l l o y  producers, bo th  l a r g e  and 

small .  

t o  another q u i t e  f requent ly  w h i l e  o ther  furnaces produced t h e  same product 

f o r  t h e  e n t i r e  per iod  reported. This  was t r u e  o f  both l a r g e  and small 

companies. Market condi t ions can f l u c t u a t e  r a p i d l y  i n  t h e  f e r r o a l l o y  

Some furnaces were repor ted  t o  have been changed from one product 
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. indus t ry ,  however, so i t  i s  understandable why product f l e x i b i l i t y  

i s  advantageous. 

which w i l l  a l l o w  open furnaces t o  be  used i n  conjunct ion w i t h  the 

bes t  a v a i l a b l e  c o n t r o l  equipment f o r  open furnaces. The standard i s  

a lso  r e a d i l y  achievable by using sealed furnaces w i t h  adequate con- 

t r o l  equipment. 

For these reasons, we a r e  proposing a standard 

EPA's Control  Systems Laboratory has contracted f o r  a long-term 

That study t o  f u r t h e r  i n v e s t i g a t e  t h e  i s s u e  o f  product f l e x i b i l i t y .  

study could u l t i m a t e l y  r e s u l t  i n  standards o f  performance based on 

sealed furnaces. 

C. Discussion o f  Proposed Opacity Standard 

The v i s i b l e  emission regu la t ions  on emissions from t h e  furnace hood 

o r  cpver and t h e  tapping s t a t i o n  were establ ished t o  make enforcement 

s impler.  

i n  order  t o  determine compliance. 

v i s u a l l y  detectable emissions w i t h o u t  t h e  a i d  o f  instruments.  

posal does no t  r e q u i r e  a d i s t i n c t i o n  t o  be made between d i f f e r e n t  opac i ty  

l e v e l s  because t h e  observat ions a r e  made i n s i d e  the shop and t h e  c r i t e r i a  

o f  Reference Method 9 f o r  determining the opac i ty  o f  emissions cannot be 

fol lowed. The d i s t i n c t i o n  between no v i s i b l e  emissions and t h e  ex is tence 

o f  v i s i b l e  emissions can be made however. The emission from t h e  furnace 

hood o r  cover and the tapping s t a t i o n  a r e  a s i g n i f i c a n t  p o r t i o n  o f  t h e  

The r e v i s e d  regu la t ions  no longer  r e q u i r e  d iscern ing opac i t ies  

The proposed standard s p e c i f i e s  no 

This pro- 
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furnace's t o t a l  emissions. The no v i s i b l e  emissions l i m i t a t i o n  i s  

intended t o  r e q u i r e  very good capture o f  these emissions. 

I n  the case o f  hoods o r  covers used t o  capture fumes generated 

w i t h i n  the furnaces, t h e  standard requi res t h a t  fumes which escape capture 

by the furnace hood o r  cover be i n v i s i b l e  a t  a l l  times. 

ment i s  supported by observations a t  f o u r  open furnaces and several 

sealed furnaces. (See Chapter V I . )  

This requ i re -  

The v i s i b l e  emission l i m i t a t i o n  on fumes from the tapping s t a t i o n  

i s  based on observations o f  one tap hood dur ing  two tapping per iods.  

These data are summarized i n  Chapter V I .  

no v i s i b l e  emissions were observed escaping the hood f o r  71.4 percent o f  

the t ime dur ing the f i r s t  tapping per iod,  and 73 percent o f  the t ime 

dur ing the second tapping period. 

o f  various o p a c i t i e s  escaped capture by the hood. 

was establ ished t o  r e q u i r e  no v i s i b l e  emissions for a t  l e a s t  60 percent 

o f  the t ime because t h e  bes t  system observed had some fumes escaping t h e  

c o l l e c t o r  system a t  t h e  tapping s t a t i o n ,  and t o  a l low a margin o f  s a f e t y  

between the data base (71.4 t o  73 percent o f  t h e  tapping w i t h  no v i s i b l e  

emissions) and t h e  proposed standard. 

very good c o l l e c t i o n  and c o n t r o l  o f  tapping fumes. 

Dur ing these two tapping periods, 

The remainder o f  the t ime, emissions 

The proposed standard 

The proposed standard s t i l l  requi res 

The proposed standard l i m i t s  t h e  o p a c i t y  o f  f u g i t i v e  emissions from 

t h e  dust  handl ing system a t  o r  near the c o n t r o l  device t o  less  than 10 

percent t o  be cons is ten t  w i t h  t h e  observed l e v e l s  o f  0 percent opac i ty  
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and a l low a small  margin o f  sa fe ty .  Th is  proposed l i m i t a t i o n  i s  based I 
I on observat ions o f  dust  handl ing equipment i n  the s t e e l  and aspha l t  

concrete i n d u s t r i e s .  
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111. EMISSION CONTROL TECHNOLOGY 

I 

A i r  p o l l u t i o n  from the e l e c t r i c  submerged-arc furnace i s  minimized 

by good capture o f  f u m s  a t  the furnace and use o f  an appropr ia te 

p a r t i c u l a t e  mat ter  c o l l e c t i o n  device. The t h r e e  d i f f e r e n t  furnace 

configurations--open, semi-enclosed, and sealed--strongly a f f e c t  t h e  

e f f i c i e n c y  o f  a i r  p o l l u t i o n  c o n t r o l .  

above t h e  furnace n o t  on ly  c o l l e c t s  emissions b u t  a lso  pro tec ts  t h e  

furnace superst ructure and e lect rode column components. 

o f  furnaces and comnon c o n t r o l  devices are discussed below. Emissions 

from c o n t r o l l e d  furnaces o f  each o f  th ree  types are discussed and compared 

i n  Chapter V I ,  Data t o  Substant iate a Standard. 

I n  each type, the hood o r  cover 

The t h r e e  types 

A .  Open Furnace 

The open furnace (F igure I11 -1) has a water-cooled canopy hood, normal ly 

located 6 t o  8 f e e t  above t h e  furnace c r u c i b l e  r i m .  

between the furnace c r u c i b l e  and hood permi ts  l a r g e  q u a n t i t i e s  o f  ambient 

a i r  t o  be drawn i n t o  t h e  a i r  p o l l u t i o n  c o n t r o l  system d i l u t i n g  t h e  furnace 

of f -gas by as much as 50 t o  1. (18) As t h e  a i r  combines w i t h  t h e  ho t  

furnace gases, i t  combusts t h e  carbon monoxide generated i n  t h e  furnace. 

Gas volumes from t h i s  type  o f  system range from 100,000 t o  400,000 standard 

cubic f e e t  per  minute (scfm). 

the opening between t h e  furnace and hood. 

This l a r g e  opening 

Gas volume can be reduced by decreasing 

This may be done by adding a 

s k i r t  t o  t h e  hood o r  w i t h  chain cur ta ins  ( lengths o f  chain hung i n  c lose 

prox imi ty  around t h e  per imeter o f  the hood). 
I . 
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Gas c leaning devices used on open f e r r o a l l o y  furnaces inc lude h igh-  

energy v e n t u r i  scrubbers, 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 ,  and f a b r i c  f i l t e r s .  

1. Ventur i  scrubbers appl ied t o  open furnaces. 

Several designs o f  ven tur i  scrubbers are used i n  t h e  Uni ted 

States, b u t  the one most common on open furnaces i s  t h e  f looded-disc 

type. Because the p a r t i c u l a t e  mat te r  concentrat ion i s  r e l a t i v e l y  

low ( the  r e s u l t  of copious d i l u t i o n  a i r )  and a h igh p r o p o r t i o n  o f  

the p a r t i c u l a t e  i s  submicron, these scrubbers must operate w i t h  very 

h igh pressure losses o f  60 t o  80 inches water  gauge t o  achieve removal 

e f f i c i e n c i e s  o f  96 t o  99 percent. 

30-megawatt furnace producing s i 1  icomanganese requi res 2,500 horsepower 

f o r  the fan alone. 

scrubbers i s  equiva lent  t o  approximately 10 percent o f  the power 

The v e n t u r i  scrubber f o r  an open 

The power requ i red  t o  operate these high-energy 

requirements f o r  t h e  furnace i t s e l f .  (20). ( 2 1 )  

2. 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  app l ied  t o  open furnaces. 

Only two modern 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 opera t ing  on 

f e r r o a l l o y  furnaces i n  t h e  Uni ted States. Both are i n s t a l l e d  on 

open furnaces producing chrome a1 loys.  

Most fumes from f e r r o a l l o y  furnaces do n o t  have proper e l e c t r i c a l  

r e s i s t i v i t y  f o r  s a t i s f a c t o r y  p r e c i p i t a t o r  operat ion unless t h e  gases 

are humid i f ied  and condi t ioned w i t h  agents such as ammonia, o r  t h e i r  

temperatures are maintained above 500°F. 
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3. 7 2 r i c  f i l t e r s  appl ied t o  open furnaces. 

Fabr ic f i l t e r  c o l l e c t o r s ,  a l s o  r e f e r r e d  t o  as baghouses o r  bag 

f i l t e r s ,  are f requent ly  used with open furnaces. 

type  used i n  t h e  Uni ted States i s  pressur ized ( fan  on t h e  i n l e t )  

and exhausts through an open t o p  o r  monitor.  Open grates a t  t h e  

bottom o f  t h e  baghouse permit  c o o l i n g  by na tura l  convection. Radiant 

coolers o r  d i l u t i o n  w i t h  cool, ambient a i r  i s  used i f  t h e  gas must 

be cooled before i t  enters t h e  baghouse. 

i s  much less  common. 

mater ia ls  have been used. 

reverse a i r  o r  mechanical shaking. 

1.2 and 2 actual  cubic f e e t  per  minute (acfm) per  square f o o t  o f  c l o t h  

area. 

submicron p a r t i c l e s  and h igh  e l e c t r o s t a t i c  charge, t h e  pressure drop 

across a f i l t e r  f a b r i c  i s  r e l a t i v e l y  high, 10 t o  18 inches o f  water. 

The most comnon 

Cool ing w i t h  water sprays 

Both f e l t e d  and woven f a b r i c s  o f  many d i f f e r e n t  

Cleaning o f  t h e  bags may be done by e i t h e r  

A i r - t o - c l o t h  r a t i o s  vary between 

Because t h e  p a r t i c u l a t e  mat te r  has both a h igh  propor t ion  o f  

B. The Semi -Enclosed Furnace 

The semi-enclosed furnace (F igure 111-2) has a water-cooled cover which 

contains gas and fume generated i n  t h e  furnace. These emissions are drawn 

from beneath t h e  cover through one o r  more ducts t o  a gas c leaning device. 

The cover completely seals  the furnace except f o r  annular spaces around 

the th ree  e lect rodes through which raw mater ia l  i s  charged. 

mater ia l  on ly  p a r t i a l l y  closes t h e  annu l i  and emissions s t i l l  pass through 

them. 

The feed 

These leaks  cou ld  be e l im ina ted  o r  minimized i n  two ways. The a i r  
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pollution control system could be designed to maintain a negative pressure 

within the furnace or the emissions could be captured and controlled by 

hoods around the electrodes. 

Because very little air enters a semi-enclosed furnace, the gases from 

the furnace are rich in carbon monoxide and can be used as fuel. 

Semi-enclosed furnaces have not been used to produce silicon metal 

or alloys containing over 75 percent silicon because of inability to stoke 

the furnace. 

the charge, and "blows" during production of high-silicon alloys. 

Crusting and bridging prevent uniform descent of the charge into the 

furnace and blows may damage the furnace components. 

of extremely hot gas that originate in the high-temperature reaction 

zone in the vicinity of the electrode tips, and emerge around the 

electrodes at high velocity. 

Stoking is necessary to prevent crusting and bridging of 

"Blows" are jets 

1. Wet scrubbers applied to semi-enclosed furnaces. 

Wet scrubbers are the most comnon air pollution control devices 

applied to semi-enclosed ferroalloy furnaces. Both multistage 

centrifugal scrubbers and venturi scrubbers are used. Centrifugal 

scrubbers are generally limited to a maximum air flow of about 
2,800 acfm, sufficient for a medium-size semi-enclosed furnace. (22 )  

For larger furnaces, parallel centrifugal scrubbers or a venturi 

scrubber are used. 

scrubbers may have efficiencies of up to 99 percent; venturi scrubber 

Depending on the product being made, centrifugal 
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e f f i c i e n c i e s  a r e  higher. 

a r e  common i n  v e n t u r i  scrubbers c o n t r o l l i n g  emissions from semi- 

enclosed furnaces. 

higher f o r  v e n t u r i s  than f o r  c e n t r i f u g a l  scrubbers. 

Pressure losses o f  up t o  80 inches of water 

Power and water requirements are genera l l y  

Emissions from two semi-enclosed furnaces were measured by EPA. 

One was a 40 t o  50 megawatt furnace which produces 50 percent 

f e r r o s i l i c o n  and i s  c o n t r o l l e d  by a v e n t u r i  scrubber. The o ther  

a 24 megawatt calc ium carb ide furnace c o n t r o l l e d  by a c e n t r i f u g a  

scrubber. Dur ing these t e s t s ,  l a r g e  amounts o f  dust  were emi t te  

f S  

from t h e  annular openings a t  t h e  electrodes. These emissions were 

n o t  c o n t r o l l e d  and so reduced the o v e r a l l  c o n t r o l  e f f i c i e n c y .  

from the scrubber on t h e  furnace producing f e r r o s i l i c o n  averaged 0.078 

pound per Mw-hr (3.6 pounds per  hour); however, measurements o f  f u g i t i v e  

emissions from around t h e  e lect rodes i n d i c a t e d  a t o t a l  emission r a t e  o f  

about 390 pounds per hour. Emissions from t h e  calc ium carb ide furnace 

scrubber averaged 0.017 pound per Mw-hr (0.40 pound per hour); however, 

measurements o f  f u g i t i v e  and t a p  emissions which were uncont ro l led  

ind ica ted  a t o t a l  emission r a t e  o f  about 4.0 pounds per Mw-hr (96 

pounds per hour) f o r  t h i s  furnace. Obviously, t h e  emissions from t h e  

e lect rode p o r t s  a r e  o f  major concern i n  a semi-enclosed furnace. 

Emissions 

2. 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  and f a b r i c  f i l t e r s  appl ied t o  
semi-enclosed furnaces. 

No known semi-enclosed furnaces a r e  serv iced by 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  o r  f a b r i c  f i l t e r s .  Fabr ic  f i l t e r s ,  and an e l e c t r o s t a t i c  
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p r e c i p i t a t o r  i n  ser ies  w i t h  v e n t u r i  scrubbers have been used on sealed 

furnaces i n  Japan. 

and sealed furnaces seems t o  imply t h a t  these c o n t r o l  devices could 

a lso  be used on semi-enclosed furnaces. However, t h e  semi-enclosed 

furnace has a less  p o s i t i v e  seal. 

t h e  e lect rodes may increase t h e  danger o f  explosion. 

prevent use o f  f a b r i c  f i l t e r s  o r  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 .  

The s i m i l a r i t y  i n  emissions from semi-enclosed 

A i r  leaks through the annu l i  a t  

This could 

C. The Sealed Furnace 

The tops o f  sealed furnaces (F igure 111-3) have water-cooled covers 

which prevent escape o f  any emissions from treatment by t h e  a i r  p o l l u t i o n  

c o n t r o l  system. Packing i s  used t o  seal  around t h e  e lect rodes and 

charging chutes. 

no t  genera l l y  stoked. 

t o  prevent leakage o f  a i r  i n t o  t h e  furnace. The furnace exhaust gas, 

predominantly carbon monoxide, can be used as f u e l .  

No other  openings a r e  requ i red  s ince t h e  furnaces are 

They are operated w i t h  a s l i g h t  p o s i t i v e  pressure 

Because no a i r  enters  the furnace, gas volumes t o  t h e  cont ro l  device 

are minimal and can be as l i t t l e  as 2 t o  5 percent o f  t h a t  from an open 

furnace o f  equ iva len t  s ize.  The very low gas volumes r e s u l t  i n  much lower 

mass of  p a r t i c u l a t e  mat te r  emissions from a c o n t r o l l e d  sealed furnace than 

from an equivalent,  w e l l - c o n t r o l l e d  open furnace. 
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Sealed furnaces have n o t  yet been used to  produce s i l icon  metal or alloys 

containing over 75 percent s i l icon because of i nab i l i t y  to stoke the furnace. 

S t o k i n g  is  necessary t o  prevent crusting and bridging of the charge, and 

"blows" d u r i n g  production of high-silicon al loys.  

1. Wet scrubbers applied t o  sealed furnaces. 

Wet scrubbers a re  the most comnon device used t o  control air  

p o l l u t i o n  from sealed furnaces. B o t h  multistage centrifugal and 

venturi scrubbers a re  used. Their eff ic iency and energy requirements 

for  control of sealed furnaces a re  similar to  those for  semi-enclosed 

furnaces. 

2. Fabric f i l t e r s  applied t o  sealed furnaces. 

Only one sealed ferroal loy furnace i s  known t o  use a fabr ic  

f i l t e r  f o r  a i r  pollution control.  The baghouse is a closed suction 

type cleaned by reverse gas flow. Air-to-cloth r a t i o  i s  a b o u t  1.5 

actual cubic f e e t  per minute per square foot  of c loth area.  Gas from 

the furnace is cooled i n  radiant coolers before entering the baghouse. 

When necessary, additional cooling I s  obtained by running water over the 

surface of the radiant coolers. 

3. Electrostat ic  precipi ta tors  applied t o  sealed furnaces. 

No applications are known i n  which e l ec t ros t a t i c  precipi ta tors  

alone a re  used w i t h  sealed fe r roa l loy  furnaces. However, systems 

consisting of two venturi scrubbers and a wet e l ec t ros t a t i c  
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p r e c i p i t a t o r ,  a l l  i n  ser ies,  have been used to  c o n t r o l  emissions from 

three sealed f e r r o a l l o y  furnaces i n  Japan. The v e n t u r i  scrubbers 

serve as precleaners and gas c o n d i t i o n e r s  and operate a t  r e l a t i v e l y  

low pressure drops (about 36 inches o f  water t o t a l ) .  The p r e c i p i t a t o r  

removes about 97 percent (according t o  EPA t e s t s )  o f  t h e  p a r t i c u l a t e  

remaining i n  t h e  gas stream a f t e r  t h e  scrubbers. 

D. Control  o f  Fumes During Tapping 

Best systems o f  emission reduc t ion  f o r  f e r r o a l l o y  furnaces o f  a l l  

types inc ludes capture and c o n t r o l  o f  tapping fumes. A hood system 

must be used over the t a p  hole and l a d l e  t o  capture and d i r e c t  tapping 

fume t o  a gas cleaning device. 

t o  t h a t  c o n t r o l l i n g  t h e  furnace fume, o r  a separate f a b r i c  f i l t e r  o r  

wet scrubber. 

The gas c leaning device may be common 

E f f i c i e n t  capture o f  tapping fumes has been d i f f i c u l t .  One new hood 

design encloses t h e  l a d l e  dur ing tapping and can be r e t r a c t e d  when tapping 

i s  complete. 

a l lows the hood t o  be i n  p lace t o  capture fume generated when t h e  t a p  

hole i s  burned open w i t h  an oxygen lance, and a l s o  a l lows t h e  t a p  ho le  

t o  be rodded dur ing  t h e  t a p  t o  keep i t  open. Th is  system provides very  

good capture o f  t h e  tapping emissions. 

When I n  place, i t  prov ides access t o  t h e  t a p  hole. This  
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I V.  ENVI RONMENTAL EFFECTS 

A .  Impact on Air Pollution 

The objecttve of standards of performance under section 111 of the 

Act, as  amended, i s  t o  prevent new a i r  pollution problems from developing 

by requiring affected f a c i l i t i e s  t o  use the best systems of  emission 

reduction available a t  a cost and w i t h i n  a time t h a t  i s  reasonable. 

These standards pertain d i rec t ly  t o  emissions from the f a c i l i t y  and 

are  only indirect ly  related t o  ambient a i r  qual i ty .  

maintenance of national ambient a i r  qual i ty  standards is  SpeCifiCallY 

covered by State  implementation plans as provided under section 110 of 

the Act. Nevertheless, the impact of a new submerged arc  ferroalloy 

furnace on local ambient a i r  qual i ty  should be closely investigated. 

Such an investigation necessarily depends upon many specif ic  factors  

such as topography, meteorological conditions, proximity of other sources 

of pollution and the mass of pollutants emitted from a l l  sources i n  the 

local area. As an i l l u s t r a t i v e  example, maximum ground-level concentrations 

o f  par t iculate  matter were estimated for  emissions from five hypothetical 

sources employing the control systems of i n t e re s t  using an atmospheric 

dispersion model. 

hypothetical point sources - control system cases. 

gurations and surrounding te r ra in  can cause s igni f icant ly  d i f fe ren t  resu l t s .  

The maximum concentrations were estimated f o r  24-hour and 1-year averaging 

periods for par t iculate  matter. These averaging periods were selected 

t o  permit d i rec t  comparison with the ambient a i r  quali ty standard for  

Attainment and. 

These estimates are shown i n  Table IV-1 f o r  these 

Differing source confi- 
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particulate matter. Comparison of these maximum ground-level concentration 

estimates with the national ambient a i r  qua l i ty  standard will n o t  

necessarily indicate whether o r  not the standard (NAAQS) will  be met 

unless there i s  an estimate of background concentration a r i s ing  from 

natural and manmade sources available f o r  the spec i f ic  s i t e .  

3 are based on emissions from a furnace operating in compliance with a 

typical State process weight regulation. 

a1 lowable emissions according t o  the proposed standards of perfonnance 

(Chapter 11) and Case 5 i s  based on emissions of 0.07 Kg/lh-hr,Alternative 

;lo. 1 ,  Chapter VI11 (A1 ternat ive Standards). 

Cases 1 and 

Cases 2 and 4 a re  based on 

The dispersion estimates were made using a Gaussian point source 

dispersion model developed by Meteorology Laboratory of EPA. 

Because the pollutants emit from a monitor (no stack) on a baghouse i n  

Cases 1 through 4, aerodynamic downwash i s  a chronic problem, par t icular ly  

when wind speeds exceed 2 o r  3 meters per second (mps). 

speeds the plume may rise, although probably not more than 20 meters. 

A t  very low wind 

Many of the nation’s ferroalloy plants a r e  i n  valleys i n  h i l l y  country 

such as West Virginia and eastern Ohio. 

and the topography and climate are s imilar  t o  West Virginia and eastern 

Ohio ,  one year o f  hourly wind and surface s t a b i l i t y  data for  Harrisburg, 

Pennsylvania was used for  the calculations.  

Since i t  was readily available, 
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Maximum concentrat ions were est imated immediately downwind of the 

source, and f o r  distances o f  0.3, 2, and 20 k i lometers downwind. Because 

o f  downwash, t h e  o v e r a l l  maximum concentrat ions were l i k e l y  t o  occur j u s t  

t o  the l e e  o f  t h e  emission point .  

t y p i c a l  h igh  concentrat ions dur ing  any given year.  

primary n a t i o n a l  ambient a i r  q u a l i t y  standard (NAAQS) f o r  p a r t i c u l a t e s  

(260 u g / d  ) may be exceeded a t  d istances o f  0.2 t o  1.0 k i lometers 

downwind, depending on t h e  source. 

be exceeded, al though no t  as f a r  downwind and perhaps no t  a t  a l l  when 

a sealed furnace i s  used (Case 5 ) .  

The 24-hour values are estimates o f  

Note t h a t  t h e  24-hour 

The annual NAAgS (75 vg/m3) may 'a lso 

As an i n d i c a t i o n  o f  the degree o f  a i r  p o l l u t i o n  reduct ion achieved 

by c o n t r o l  systems on submerged arc  f e r r o a l l o y  furnaces, t h e  emission 

ra tes  i n  Table IV-1 f o r  c o n t r o l l e d  furnaces can be compared w i t h  est imated 

uncontro l led emission r a t e s  o f  270 grams per  second (39 K g / h - h r )  f o r  an 

open, 25 Mw s i l i c o n  furnace, and 190 grams per  second (23 Kg/Flw-hr) f o r  

an open, 30 Mw silicomanganese furnace. 

I I n s t a l l a t i o n  o f  systems t o  prov ide t h e  best  a i r  p o l l u t i o n  cont ro l  

technology on a l l  new p l a n t s  w i l l  minimize t h e  increase i n  emissions from 

growth o f  t h e  f e r r o a l l o y  indus t ry .  

performance, there w i l l  be no i n c e n t i v e  f o r  a p l a n t  t o  l o c a t e  i n  a State 

which has less  s t r i n g e n t  standards. Without un i form standards o f  performance 

I 

By promulgat ing standards o f  

I 

1 
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such an  indirect  inducement by S ta te  and local agencies could create  

concentrations of industry and r e su l t  in s ign i f icant  deter iorat ion of 

local a i r  quali ty.  

B.  Impact on Water Pollution 

The control o f  a i r  pollution from a ferroal loy p l a n t  need not a f f ec t  

water pollution problems a t  a l l  since fabr ic  f i l t e r  a i r  pollution control 

systems require no water. Scrubbers and e l ec t ros t a t i c  precipi ta tors  w i t h  

wet gas conditioners a re  potential ma.jor sources of water pollution. 

Although u p  t o  3,500 gallons of water per Mw-hr may be circulated through 

a scrubber serving an open furnace, normally the water i s  c l a r i f i ed  and 

recirculated. As a r e su l t ,  the  volume of actual waste water i s  much l e s s  

and is  only t h a t  required t o  carry the sediment from the c l a r i f i e r .  

of the much la rger  volumes o f  exhaust gas from open furnaces, scrubbers 

serving them have much larger  water requirements t h a n  those fo r  semi- 

enclosed o r  sealed furnaces. This, of course, necessitates a l a rge r  water 

treatment system f o r  scrubber-equipped open furnaces. 

Because 

The Environmental Protection Agency promulgated water e f f luent  l imitat ions 

for the ferroal loy industry on February 22 ,  1974, (39 FR 6806). ( 2 3 )  For 

new e l e c t r i c  ferroal loy furnaces, the standard l imi t s  discharges o f  water 

pollutants t o  levels  attained by the "best avai lable  technology economically 

achievable. " Typically, chemical treatment, cl  a r i  f i e r - f l  occul a tors  , sand 

f i l t e r s ,  and recirculat ion would be required to  meet the water effluent 

standards for  e l e c t r i c  ferroal loy furnaces i f  scrubbers are used. 
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C .  Impact on Solid Waste Pollution 

Increased recovery of par t iculate  matter riorilially emitted t o  the atmosphere 

w i t h  the exhaust gases from a furnace can only increase the amount of sol id  

waste f o r  disposal.  

of the eff ic iency,  not the type of the control device. 

type of device will  determine i f  par t icu la te  i s  collected as a wet or dry 

mass. Although the dry product from a fabr ic  f i l t e r  may be more prone to  

re-entrainment than the sludge from a c l a r i f i e r ,  i t  can eas i ly  be wetted 

or pel le t ized t o  minimize wind losses d u r i n g  handling. 

This increased quantity of so l id  waste i s  a function 

Selection of the 

The domestic industry usually disposes of the collected material as 

l andf i l l .  

l andf i l l  technology may be followed. The principles s e t  forth i n  EPA's 

Land Disposal of Solid Wastes Guidelines ( C F R  T i t l e  40 of Chapter 1 ,  

Pa r t  241) may be used as guidance f o r  acceptable land disposal techniques. 

I f  hazardous materials a re  t o  be disposed of ,  l andf i l l  s i tes should be 

selected t o  prevent horizontal or ver t ica l  migration o f  this contaminant 

t o  surface o r  ground waters. 

ensure this, adequate precautions such as impervious l i ne r s  should be 

taken t o  ensure long term protection to  the environment. The location of 

so l id  hazardous materials disposed of i n  this manner should be permanently 

recorded i n  the appropriate of f ice  of the legal ju r i sd ic t ion  in which the 

s i t e  i s  located. 

When this method i s  used pract ices  s imilar  t o  proper sani tary 

Where geologic condi t ions  may n o t  reasonably 

38 



Although most o f  the dust  captured i s  hauled t o  a l a n d f i l l  s i t e ,  o ther  

d ispos i t ions  are possible.  I n  some f o r e i g n  f e r r o a l l o y  p lan ts ,  the dust 

captured by the c o n t r o l  system i s  p e l l e t i z e d  o r  s in te red  and re tu rned t o  

the furnace as feed. 

open 75 percent f e r r o s i l i c o n  furnace i s  s o l d  f o r  manufacture o f  f i r e p r o o f  

b u i l  d ing mater ia ls .  

Some o f  t h e  dust captured by baghouses serv ing  an 

0. Energy Considerations 

Because gas volumes from open furnaces are large, power requirements 

A t y p i c a l  open f o r  the a i r  p o l l u t i o n  cont ro l  system are genera l l y  high. 

furnace cont ro l  system has a fan o f  1,400 t o  4,500 horsepower. (‘4) A ventur i  

scrubber on an open furnace uses approximately 10 percent o f  t h e  t o t a l  

power suppl ied t o  a furnace. Fabr ic  f i l t e r s  o r  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  

genera l ly  r e q u i r e  less  power s ince they operate w i t h  lower pressure losses. 

One type o f  ven tur i  scrubber (by A e r o n e t i c s ) u  i s  being used on a small ,  

open si1;comanganese furnace. I t  u t i l i z e s  heat from the furnace exhaust 

gas and net (r: comparat ively l i t t l e  ex te rna l  power, on ly  about 10 percent 

o f  t h a t  nee .d by a conventional ven tur i  type. 

Semi-enclosed and sealed furnaces have much lower gas emission ra tes  

than open furr.aces. 

systems are u s u a l l y  much lower than those f o r  open furnaces. 

a cont ro l  system on a closed furnace would t y p i c a l l y  need a fan o f  100 t o  

400 horsepower. (25)  I t  i s  obvious t h a t  no t  o n l y  do cont ro l  systems on 

Hence, the power requirements f o r  t h e i r  c o n t r o l  

For example, 

‘ I  - 
References t o  commercial products are n o t  t o  be considered i n  any 

sense an endorsement o f  the product by the Government. 
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closed furnaces require only about 10 percent of the power of those on 

open furnaces, b u t  the power plant emissions t o  provide tha t  power are  

also comnensurately less .  

The exhaust gases from sealed and semi-enclosed furnaces are  rich i n  

carbon monoxide and have s ignif icant  value. Twenty to  35 percent of the 

power fed t o  the furnace can be recovered from the heat of combustion of 

the gases, (26) which have been used f o r  chemical synthesis and as fuel 

for  dryers, plant boi lers ,  and other process equipment. 

Collection and control o f  tapping fumes are the only areas i n  uhioh 

a standard of performance may increase power consumption over present 

practice,  and even this increase i s  s l i g h t .  

fumes will  require 20,000 t o  60,000 cfm. 

are used, they need operate only d u r i n g  tapping and can be s h u t  off  a t  

other times t o  save power. Although re la t ive ly  few furnaces now have 

control systems, for tap fumes, i n  many cases these will be necessary t o  

meet requirements of State implementation plans. 

Efficient collection of tap 

I f  separate col lectors  o r  fans 
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A. L i t e r a t u r e  Review and I n d u s t r i a l  Contacts 

In format ion i n i t i a l l y  ava i l ab le  f o r  use i n  the  development o f  standards 

o f  performance f o r  new s t a t i o n a r y  sources I n  the  f e r r o a l l o y  i n d u s t r y  r e s u l t e d  

from a j o i n t  study by EPA and The Fe r roa l l oys  Associat ion (TFA). The study 

had been i n  progress f o r  over 2 years p r i o r  t o  the  i n i t i a t i o n  o f  a program 

t o  develop standards. 

and cont ro l  techniques o f  the  Uni ted States f e r r o a l l o y  indus t ry .  

a survey o f  the  i n d u s t r y  (performed w i t h  quest ionnai res) ,  a l i t e r a t u r e  search, 

and measurements o f  emissions from several e l e c t r i c  suherged-arc (ESA) 

furnaces. The study provided in fo rmat ion  on the  h i s t o r y  and trends o f  

the f e r r o a l l o y  indus t ry ,  i ndus t r y  s t a t i s t i c s ,  processes and emissions, 

emission con t ro l  technology and procedures, and economics. (27) 

The j o i n t  study was p r i m a r i l y  concerned w i t h  emissions 

It u t i l i z e d  

V. SUMMARY OF THE PROCEDURE FOR DEVELOPING STANDARDS 

A f t e r  passage o f  the  Clean A i r  Act  Amendments o f  1970, the  program 

f o r  development o f  the  standard was begun. Resul ts  o f  the  j o i n t  study by 

The Environmental P ro tec t i on  Agency and The Fer roa l loys  Associat ion (EPA- 

TFA study) were reviewed, add i t i ona l  recent  l i t e r a t u r e  was obtained, and 

several State agencies and manufacturers o f  furnaces and c o n t r o l  equipnent 

were consulted. Meetings were he ld  w i t h  t h e  Un i ted  States and Japanese 

f e r r o a l l o y  t rade associat ions,  and producers o f  f e r r o a l l o y s  i n  the  Uni ted 

States, Norway, Belgium, Canada, and Japan t o  o b t a i n  add i t i ona l  in fo rmat ion  

use fu l  I n  the  development o f  standards. 
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B. Select ion o f  P o l l u t a n t s  and Af fec ted  F a c i l i t i e s  

S u l f u r  ox ide emissions from ESA furnaces were inves t iga ted  as p a r t  

of t h e  EPA-TFA study. Emissions were very low. The concentrat ions were 

less  than 20 p a r t s  per m i l l i o n  and the r a t e  d i d  n o t  exceed 7 pounds per  

hour. (28) There are no n i t rogen ox ide emissions s ince NOx i s  no t  produced 

by t h e  carbon reduc t ion  process. 

(29), (30) furnaces may conta in  60 t o  90 volume percent  carbon monoxide (CO). 

I t  
Emissions fromdsemi-enclosed and sealed 

The r a t e  o f  p a r t i c u l a t e  mat ter  emissions from the United States f e r r o a l l o y  

indus t ry  i n  1968 i s  est imated t o  have been 160,000 tons per year  o f  which 

1,000 t o m  were from b l a s t  furnaces, 150,000 tons from ESA furnaces, and 

9,000 tons from handl ing o f  mater ia ls .  (31) 

Analyses o f  p a r t i c u l a t e  mat ter  emissions revealed no s i g n i f i c a n t  amount o f  

heavy metals such as mercury, bery l l ium,  cadmium, and arsenic. (32) As 

might be suspected, s i g n i f i c a n t  q u a n t i t i e s  o f  manganese are emi t ted when 

manganese ores are used. 

mat ter  emissions r e s u l t i n g  from produc t ion  o f  ferromanganese and silicomanganese 

There i s  evidence t h a t  t h e  manganese i n  p a r t i c u l a t e  

may be harmful t o  human health. (331, (34),  (351, (36), (37) 

P a r t i c u l a t e  c o n t r o l  technology f o r  e l e c t r i c  submerged-arc furnaces 

(ESA), t h e  l a r g e s t  source o f  p a r t i c u l a t e  mat ter  i n  f e r r o a l l o y  Plants ,  i s  w e l l  

demonstrated. 

are minor compared t o  ESA furnaces. 

were selected as t h e  a f f e c t e d  f a c i l i t y  f o r  development o f  t h e  i n i t i a l  

standards o f  performance f o r  new s t a t i o n a r y  sources i n  the f e r r o a l l o y  

i n dus try . 

Other sources o f  a i r  p o l l u t i o n  i n  the f e r r o a l l o y  i n d u s t r y  

Therefore, ESA f e r r o a l l o y  furnaces 
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Only standards fo r  emissions of par t icu la te  matter and carbon monoxide 

a re  being proposed a t  t h i s  time. 

emissions from ESA furnaces i s  designed fo r  par t icu la te  matter only; control of 

any other pollutants i s  incidental .  Emissions o f  poilutants from ESA 

furnaces other than par t iculate  matter and carbon monoxide a re  minor. 

l imitation on par t iculate  matter emissions wil l  a l so  minimize the emission of 

materials such as manganese because they are emitted as par t icu la te  matter. 

Equigment now being used t o  control 

A 

Large quant i t ies  of carbon monoxide generated within open furnaces a re  

s ignif icant ly  reduced by combustion w i t h  air  drawn in to  the furnace. 

monoxide from closed furnaces is  usually f lared a t  the stack ou t l e t  unless 

i t  i s  used fo r  fuel o r  other processes. 

the concentration of carbon monoxide downstream from the f l a r e ,  a numerical 

standard can neither be defined nor enforced; however, a standard can assure 

Carbon 
1 

Since there i s  no way t o  measure 

tha t  the carbon monoxide i s  always burned before release to  the atmosphere. 

Standards of performance may be developed i n  the future  fo r  other 

pollutants and other sources of pol lutants  i n  the ferroal loy industry. 

Poss ib i l i t i es  a re  product crushing and s iz ing,  raw material preparation, 

open-arc ferroal loy furnaces, casting machines, and the various exothermic 

reactions. 

The ferroal loy industry produces a large number of products, b u t  over 

90 percent of the to t a l  United States  ESA furnace ferroalloy production 

consists o f  alloys of chromium, manganese, and s i l i con .  (38)’(39) Although 

emission rates  from uncontrolled furnaces can vary greatly among products, 

s imilar  alloys often have s imilar  leve ls  of controlled emissions from a 
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given type o f  furnace. 

new ESA furnaces may be categor ized on t h e  bas is  o f  product groups. 

Each group cons is ts  o f  products having s i m i l a r  emissions ( w i t h  a i r  

p o l l u t i o n  c o n t r o l )  and c o n t r o l  techniques. A l t e r n a t i v e  schemes f o r  

grouping a l l o y s  and poss ib le  standards a r e  presented and discussed 

i n  Chapter VI11 o f  t h i s  r2Dot-t. 

For t h i s  reason, standards o f  performance f o r  

C. P l a n t  Inspect ions 

EPA engineers v i s i t e d  e i g h t  American f e r r o a l l o y  p l a n t s  t o  become 

f a m i l i a r  w i t h  t h e  i n d u s t r y  and t o  l o c a t e  those domestic f e r r o a l l o y  furnaces 

which appear t o  achieve t h e  best  a i r  p o l l u t i o n  cont ro l .  Emissions from 

seven o f  these furnaces a t  s i x  p l a n t s  were measured as p a r t  o f  t h e  EPA- 

TFA study o f  t h e  f e r r o a l l o y  i n d u s t r y .  

made on one uncont ro l led  ESA furnace producing ferrochrome s i l i c o n .  

I n  add i t ion ,  measurements were 

L i t e r a t u r e  reviews and d iscuss ions w i t h  bo th  members o f  i n d u s t r y  

and manufacturers o f  furnaces revealed t h a t ,  a l though there  i s  o n l y  

one sealed f e r r o a l l o y  furnace i n  t h e  Uni ted States, such furnaces a r e  

commonly used i n  fore ign countr ies.  

sealed furnace average 1/50 (and may be as l i t t l e  as 1/200) those from 

an equ iva len t  open furnace, c o n t r o l l e d  mass emissions from closed furnaces 

average o n l y  2 percent (and may be as l i t t l e  as 0.5 percent)  of those 

from open furnaces o f  equiva lent  p roduc t ion  r a t e .  

Since t h e  a i r  volumes from a 

Because of t h i s  obvious s u p e r i o r i t y  f o r  a i r  p o l l u t i o n  c o n t r o l  inherent  

i n  t h e  design of sealed furnaces, several  were surveyed i n  Japan, Norway, 
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Belgium, and Canada. 

Emissions were measured f r o m  two sealed furnaces i n  Norway and th ree  i n  

Japan. 

i n  Japan. 

which had stacks t h a t  prov ide good condi t ions f o r  sampling. 

most open furnaces i n  t h e  Uni ted States use pressure-type baghouses w i t h  

roof monitors r a t h e r  than stacks. These c o m l i c a t e  emission measurements. 

Process, operating, and emission data were obtained. 

Emissions were a lso measured from two w e l l - c o n t r o l l e d  open furnaces 

They were w e l l  hooded and used suct ion- type f a b r i c  f i l t e r  c o l l e c t o r s  

I n  contrast ,  

D. Sampling and Ana ly t i ca l  Techniques 

EPA Method 5 was used t o  ob ta in  most o f  t h e  data on which t h e  f e r r o a l l o y  

standards are based, 

and the sampling method were necessary a t  some o f  t h e  f a c i l i t i e s  tested. 

These changes are discussed case by case i n  a separate document, Backwound 

In format ion f o r  - Standards o f  P e r f o r y m :  

f o r  t h e  Production o f  Fer roa l loys  - Volume 2, Test  

Data Summary. 

enclosed furnaces. The e l e c t r i c  heaters f o r  t h e  sampling probe and f i l t e r  

were turned o f f  because they could i g n i t e  t h e  carbon monoxide-rich exhaust 

gases i f  an a i r  leak occurred. 

are n o t  requ i red  by t h e  performance t e s t  when t e s t i n g  gas streams which 

conta in  over 10 volume percent carbon monoxide. 

Cer ta in  mod i f i ca t ions  t o  Method 5 sampling apparatus 

E l e c t r i c  Submerged-Arc Furnaces 

One such m o d i f i c a t i o n  occurred when t e s t i n g  sealed and semi- 

For t h i s  reason, probe and f i l t e r  heaters 

The proposed p a r t i c u l a t e  mat te r  standard o f  performance f o r  new f e r r o a l l o y  

furnaces l i m i t s  the MSS emission r a t e  r a t h e r  than t h e  concentrat ion.  Thus, 

the f l o w  r a t e  must a l s o  be measured i n  order  t o  c a l c u l a t e  the mass emission 
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ra te.  

i n  t h e  procedures t o  be used and can be c a r r i e d  ou t  s imultaneously w i t h  

Method 5 w i t h  l i t t l e  a d d i t i o n a l  e f f o r t .  

for  analyzing t h e  s tack gas (EPA Method 3 - Orsat Analys is)  which w i l l  

determine compliance w i t h  the prov is ions  o f  t h e  prcposed standard f o r  carbon 

monoxide, s ince an Orsat Analysis inc ludes  measurement o f  carbon monoxide. 

EPA Method 2 i s  used t o  measure gas f low. I t  too i s  s p e c i f i c  

Inc luded i n  Method 2 i s  a procedure 

E. Emission Measurement Program 

EPA has performed emission measurements on a t o t a l  o f  14 c o n t r o l l e d  

f e r r o a l l o y  furnaces. Seven were open, two semi-enclosed, and f i v e  were 

sealed. Tests were u s u a l l y  conducted f o r  a t ime approximately equal t o  

t h a t  o f  a f u l l  furnace cyc le  ( o r  m u l t i p l e  cycles i f  they were requ i red  

t o  ob ta in  a sample l a r g e  enough t o  weigh accurate ly) .  

tap was inc luded ( w i t h  one except ion) w i t h i n  each sampling per iod  so 

t h a t  samples were representa t ive  o f  a l l  phases o f  furnace operat ion.  

During tes ts ,  t h e  c o n t r o l  system and furnace operat ion were monitored 

t o  detect  process upsets o r  abnormal operat ion which might a f f e c t  the 

t e s t  r e s u l t s .  Three o r  more i n d i v i d u a l  t e s t  runs were genera l l y  made 

for  each furnace. No measurements f rom cont ro l  systems on tapping 

operat ions were performed, because none were loca ted  which had adequate 

fume capture e f f i c i e n c y  and which had discharges which could be accurate ly  

measured. 

One complete 

P a r t i c u l a t e  mat ter  samples were obtained fo r  a l l  furnaces tested. I n  

addi t ion,  chemical, p a r t i c l e  s ize,  gas, x-ray d i f f r a c t i o n ,  and atomic absorpt ion 

analyses were performed i n  conjunct ion w i t h  many o f  the tes ts ,  and some 

o f  t h e  samples were examined o p t i c a l l y .  
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F. Uni ts  o f  t h e  Standard 

Several systems o f  u n i t s  were considered f o r  t h e  proposed standard 

The u n i t s  o f  k i lograms per  megawatt-hour were fw p a r t i c u l a t e  matter.  

se lected f o r  t h e  f o l l o w i n g  reasons: 

1. 

designers o f  new furnaces t o  neglect  cons idera t ion  o f  t h e  volumes 

o f  gases exhausted. 

furnaces have r e s u l t e d  i n  v a r i a t i o n s  i n  mass emissions by a fac to r  

o f  50 even though t h e  two types of furnaces may have the same exhaust 

p a r t i c u l a t e  concentrat ion.  

Concentrat ion u n i t s  (grams per  standard cubic  meter) permi t  

D i s p a r i t i e s  i n  gas volume from e x i s t i n g  

2. 

cnarge t o  t h e  furnace o r  product ion ra tes  dur ing  t h e  t e s t  per iod.  I n  the 

f e r r o a l l o y  i tidustry, these q u a n t i t i e s  can r a r e l y  be accurate ly  determined. 

These u n i t s  o f  Kg/bh-hr do n o t  r e q u i r e  d i r e c t  measurement o f  the 

3 .  

obtained from instruments a l ready i n s t a l l e d  on furnaces. 

The average power consumed (Mw-hr) by t h e  furnace i s  r e a d i l y  

4. 

and i s  r e l a t e d  t o  emission r a t e .  

t o  those f o r  standards based on product ion o r  raw mater ia l  feed rates.  

The power consumption o f  a furnace i s  a f u n c t i o n  o f  i t s  product ion 

Consequently, these u n i t s  are s i m i l a r  

5. 

exhaust p a r t i c u l a t e  concentrat ion than a sealed furnace which uses 

a scrubber, even though t h e  t o t a l  weight o f  emissions from the 

An open furnace w i t h  f a b r i c  f i l t e r  c o l l e c t i o n  may achieve lower 
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sealed furnace i s  only 2 percent of those from the open furnace. 

Under these circumstances, a concentration standard would be more 

eas i ly  met by the open furnace and use of the open furnace would 

be encouraged even though i t s  mass emissions are higher. 

G. Development of Proposed Standards 

On February 20, 1973, the Agency presented a draf t  technical report 

and standard f o r  the ferroalloy industry to the National Air Pollution 

Control Techniques Advisory Comnittee (NAPCTAC).  

concluded tha t  best demonstrated technology f o r  control o f  fumes from 

e l e c t r i c  submerged arc  furnaces produci ng ferromanganese, 

silicomanganese, and calcium carbide is the sealed furnace in conjunction 

with appropriate control equipment. The d ra f t  standard d i d  not cover any 

other ferroalloy products. 

standard was 0.15 lb/MW-hr and 10 percent opacity; the carbon monoxide 

l imitat ion was 20 volume percent on  a dry basis .  

was represented a t  the meeting and the representatives expressed t h e i r  

comments t o  the comnittee members and suggested tha t  the s tandard  be 1 .0  

lb/W-hr and 20 percent opacity. 

t ha t  a standard of 0.15 lb/MW-hr would preclude the use o f  furnaces other 

than sealed and not allow the use of open furnace configurations. 

f e l t  the Agency's cost  estimates f o r  controll ing sealed furnaces were low 

and sealed furnaces presented safe ty  hazards. 

In summary the report  

The par t icu la te  matter l imitation in  the d r a f t  

The ferroalloy industry 

The industry representatives s ta ted 

They 



The d r a f t  technica l  r e p o r t  and standard f o r  t h e  f e r r o a l l o y  indus t ry  

were presented again t o  NAPCTAC on May 30, 1973. 

Agency presented a d d i t i o n a l  cos t  i n f o n a t i o n  on open and sealed 

furnace conf igura t ions  and t h e  s a f e t y  hazards o f  sealed furnaces. 

Fer roa l loy  indus t ry  representat ives again expressed t h e i r  ob jec t ions  

t o  the d r a f t  standard because sealed furnaces i n  t h e i r  op in ion create 

sa fe ty  hazards and l i m i t  the f l e x i b i l i t y  o f  i n d u s t r y  t o  produce a broad 

range o f  f e r r o a l l o y  products. They s t a t e d  t h a t  t h e  domestic i n d u s t r y  

must use open furnaces t o  mainta in  competit iveness and f l e x i b i l i t y  o f  

furnace products. 

A t  t h i s  meeting the 

The f e r r o a l l o y  indus t ry  was again discussed a t  the NAPCTAC meeting 

on January 10, 1974. The Agency representat ives emphasized the advantages 

( f rom an a i r  p o l l u t i o n  and energy s tandpoint )  o f  sealed furnaces over open 

furnaces. No standard was recommended o r  discussed and the Committee was 

informed t h a t  i f  t ime permi t ted  the standards t o  be proposed f o r  the f e r r o -  

a l l o y  i n d u s t r y  would cover t h e  e n t i r e  i n d u s t r y  and Agency representat ives 

had met w i t h  t h e  i n d u s t r y  representat ives several  times s ince  the May 30th 

meeting t o  discuss the i n d u s t r y ' s  p o s i t i o n  w i t h  respect t o  open versus 

sealed furnaces. The i n d u s t r y  representat ives again rea f f i rmed t h e i r  

concern t o  the Comnittee f o r  any standard t h a t  would fo rce  t h e  use o f  

sealed furnaces and n o t  a l l o w  open furnaces. 

During October 1973, Agency personnel conducted an extens ive t e s t i n g  

program on several  f e r r o a l l o y  furnaces i n  Japan. 

o f  1973 and the e a r l y  p a r t  o f  1974, Agency personnel v i s i t e d  a d d i t i o n a l  

domestic furnaces and consul ted w i t h  i n d u s t r y  representat ives t o  

During the l a t t e r  p a r t  
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resolve the issue of product f l e x i b i l i t y  and  the need f o r  a standard 

which would a l l o w  open furnaces. 

during th i s  period of time allowed the proposed standard t o  cover the 

en t i r e  product l i n e  of the ferroal loy industry and indicated tha t  there 

i s  a need to  allow the use of open furnaces. 

Agency's conclusion t h a t  the proposed standard should a l l o w  open furnaces 

i s  discussed i n  Chapter 11. 

The information obtained by the Agency 

The rat ionale  f o r  the 
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VI. DATA TO SUBSTANTIATE A STANDARD 

A. Concentration and Mass Data 

Results of emission measurements conducted by EPA and other data 

on emissions from controlled ferroalloy furnaces a re  shown i n  Figures 

VI-1 through VI-6. 

data were obtained and tables  summarizing the data are i n  a separate 

document, Background Information f o r  Standards of Performance: Elec t r ic  

Submerged-Arc Furnaces fo r  the Production o f  Ferroal loys 

Volume 2, Test Data Sumnary. 

Brief descriptions o f  each f a c i l i t y  f o r  which emission 

Figures VI-1 and VI-2 show resu l t s  o f  measurements of par t icu la te  matter 

emissions from sealed ferroal loy furnaces. 

B ,  S, R, and K were obtained by EPA on tests conducted in Norway and 

Japan. Furnaces A1 and A2 are the same. Dur ing  runs designated Al, 

only one venturi scrubber was operated, whereas during runs designated 

A2, a second one was p u t  i n  service,  providing two separate b u t  identical  

venturi scrubbers operated i n  para l le l .  

J ,  and H are results of tests conducted by Japanese companies u s i n g  the 

Japan Industr ia l  Standard t e s t  method. (41 1 This method specif ies  use 

of a f i l t e r  with a t  l ea s t  99 percent col lect ion efficiency. The t e s t  

method used t o  obtain emission data on Furnace G ,  a Russian f a c i l i t y ,  

Data fo r  Furnaces Al, A2, 

Data fo r  Furnaces 0 ,  E ,  F, I ,  

i s  unknown. ( 4 2 )  

Average par t icu la te  matter emissions from sealed furnaces ranged from 

0.002 gr/dscf t o  0.032 gr/dscf and From 0.002 lb/Mw-hr t o  0.036 lb/Mw-hr, 

n o t  including tapping Fume. F u g i t i v e  emissions escaped a t  the electrode 
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sea ls  of Furnace K d u r i n g  the t e s t s .  

quant i ta t ively;  however, other sealed furnaces were observed t o  operate 

w i t h  no fugi t ive fumes a t  the electrode sea ls .  

These emissions could not be measured 

Two semi-enclosed furnaces (C and P )  were tested by EPA. Data from 

these t e s t s  are shown i n  Figures VI-3 and VI-4. 

control devices of Furnaces C and P averaged 0.030 gr/dscf and 0.058 gr/dscf 

(0.017 lb/W-hr and 0.078 lb/Mw-hr) respectively,  n o t  including tapping 

emissions o r  those which emanate from the annular openings around the 

electrodes. Par t iculate  matter emissions from around the electrodes were measuwd 

as 48 l b / h r  (2.0 lb/Mw-hr) for  Furnace C and 390 lb/hr ( 8 . 3  l b / h - h r )  for  

Furnace P. 

Outlet loadings from the 

Emissions from the spaces around the electrodes of semi-enclosed furnaces 

are much greater  than controlled emissions from the control device. 

and ducts could conceivably be in s t a l l ed  to  capture fumes from the spaces 

around the electrodes and send them t o  a control device. I f  a control device 

with 99 percent overall efficiency had been used on these emissions f o r  the 

furnaces tes ted,  to ta l  emissions (excluding those from tapping) would have 

been 0.037 lb/Mw-hr and 0.16 lb/Mw-hr for Furnaces C and P respectively. 

These values are  well below typical emissions from controlled open furnaces. 

Hoods 

Emission data obtained by EPA on open ferroalloy furnaces are shown in 

Figures VI-5 and VI-6. Furnaces U and 0 are  in Japan. L1, L2, and L3 are 
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Ol I I 
FURNACE c (1) p (2) 

V - VENTURI SCRUBBER 

FURNACE SIZE, Mw 24 40 S - THIESEN SCRUBBER 
CONTROL EQUIPMENT S V 

PRODUCT CaC2 50% FeSi 

(1) DOES NOT INCLUDE 48.2 Ib/hr UNCONTROLLED FUGITIVE FUMES FROM AROUND T H E  ELECTRODES. 

(2) DOES NOT INCLUDE 388 Ib/hr UNCONTROLLED FUGITIVE FUMES FROM AROUND THE ELECTRODES. 

Figure VI-4.  Particulate emissions (excluding tapping fumes and fugitive fumes) from semi-enclosed 
electric submerged-arc furnaces producing ferroal Ioys. 
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Figure VI-<. Parficulate concenlralions in control SySlem exhaust from open electric submerged-arc 
furnaces producing ferroal Ioys. 
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Figure VI-6. Particulate emissions from open electr i c  submerged-arc furnaces producing ferroalloys 
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the same furnace f o r  which the energy loss across the ventur i  scrubber 

was 57, 47, and 37 inches water gauge, respec t ive ly .  Average emissions 

ranged from 0.0010 gr /dscf  t o  0.079 gr /dscf ,  o r  from 0.035 lb/Mw-hr t o  

1.5 lb/Mw-hr. 

captured i n  a tapping hood and ducted t o  t h e  furnace c o n t r o l  device. 

Capture e f f i c i e n c y  f o r  these tapping hoods was estimated a s  20 percent 

f o r  Furnace N and 80 percent f o r  Furnaces T and U. 

e f f i c i e n c i e s  o f  t h e  furnace hoods ranged from 95 t o  100 percent. 

Where noted, t h e  data i n  F igures VI-5 and V I - 6  inc lude fume 

Estimated capture 

The data presented i n  Figures VI-1, 3 and 5 present a wide v a r i a t i o n  

i n  p a r t i c u l a t e  mat ter  concentrat ions,  b u t  no c o r r e l a t i o n  w i t h  furnace 

conf igura t ion  can be drawn because data f o r  a l l  th ree  types o f  furnaces 

have s i m i l a r  v a r i a t i o n s  and span roughly t h e  same range o f  values. 

t h i s ,  one can conclude t h a t  a standard r e s t r i c t i n g  the concentrat ion o f  

p a r t i c u l a t e  mat ter  i s  n o t  a good choice s ince  i t  cannot mandate the sealed 

furnace, which obv ious ly  provides b e t t e r  o v e r a l l  emission cont ro l .  The 

data show t h a t  mass emissions i n  terms o f  l b / W - h r  do vary s i g n i f i c a n t l y  

w i t h  the type o f  furnace. 

w i t h  uncont ro l led  emissions from t h e  annular spaces around t h e  electrodes 

are highest.  Open furnaces w i t h  e f f i c i e n t  c o n t r o l  have t h e  next  h ighest  

emissions. Sealed furnaces have the lowest mass emissions and emissions 

from semi-enclosed furnaces which capture and e f f i c i e n t l y  c o n t r o l  e lect rode 

emissions appear t o  be in termediate between open and sealed furnaces. 

From 

Mass emissions from semi-enclosed furnaces 
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No measurement was made of emissions from a tapping operat ion w i t h  

an independent c o n t r o l  system because none was found from which they could 

be measured w i t h  reasonable accuracy. 

where the tapping hoods exhausted d i r e c t l y  i n t o  t h e  atmosphere w i thout  

c o n t r o l .  Average uncontro l led tapping emission r a t e s  were 48 l b / h r  f o r  

Furnace C, 53 l b / h r  f o r  Furnace L, and 82 1b/hr f o r  Furnace P f o r  the 

dura t ion  o f  tapping. Furnace C i s  cont inuously  tapped. 

r a t e s  f o r  Furnaces L and P were averaged over t h e  e n t i r e  furnace c y c l e  

instead o f  o n l y  t h e  tapping period, tapping emission r a t e s  would be reduced 

t o  about 18 l b / h r  and 16 l b / h r  respec t ive ly .  Capture e f f i c i e n c y  o f  t h e  

tapping hood was very good on Furnace C and was estimated as 75 percent on 

Furnace P. Hood capture e f f i c i e n c y  was n o t  est imated f o r  Furnace L. A t  

o ther  p lants ,  tapping hoods w i t h  apparent 100 percent capture e f f i c i e n c y  

have been observed. 

They were measured a t  th ree  furnaces 

I f  tapping emission 

Based on measurements o f  emissions from furnaces where tapping emissions 

a r e  n o t  c o n t r o l l e d  and observat ion o f  furnaces which very  e f f e c t i v e l y  

capture tapping emissions, c a l c u l a t i o n  methods have been used t o  determine 

the equiva lent  emissions from a furnace a t  which tapping emissions are 

captured and ducted t o  an e f f i c i e n t  c o n t r o l  device. To determine the 

e f f e c t  o f  i n c l u d i n g  tapping fumes, a conserva t ive ly  h igh value o f  150 

l b / h r  o f  uncont ro l led  tapping emissions was assumed. I f  these a r e  

completely captured and enter  a c o n t r o l  device w i t h  99 percent e f f i c i e n c y ,  

emissions from tapping a 30-MW. cont inuously  tapped furnace would be 0.05 

lb/Mw-hr. Continuously tapped furnaces are n o t  c o m n  except f o r  ca lc ium 
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carbide production. 

cycle f o r  a 30-MW furnace tapped f o r  15 minutes d u r i n g  a furnace cycle 

of 75 minutes ( s t a r t  of one t a p  t o  the s t a r t  of the next t a p )  would 

be 0.01 lb/M-hr. Comparison of these calculated values f o r  controlled 

t a p p i n g  emissions shows they about equal emissions from well-controlled 

sealed ferroalloy furnaces, and are about 10 percent or  l e s s  of typical 

emissions from well-controlled open ferroal loy furnaces. 

Tapping emissions averaged over the en t i r e  furnace 

B. Visible Emission Data 

Visible emission data were obtained a t  several f a c i l i t i e s .  No sealed 

furnace had a residual v i s ib le  emission a f t e r  the f la re .  Visible emissions 

from the scrubber serving semi-enclosed Furnace P also were zero percent 

opacity. 

varied. 

and N d u r i n g  periods when samples were obtained fo r  quant i ta t ive emission 

measurements. 

systems ranged from 5 t o  15 percent opacity. 

emissions were traced t o  leaking bags i n  baghouses. 

data are summarized i n  a separate document, Background Information fo r  

Standards o f  Performance: 

of Ferroal1 oys - Volume 2 ,  Test Data SUmarY. 

Visible emissions from control devices serving open furnaces 

They were consistently zero percent opacity fo r  Furnaces U, M 

Maximum vis ib le  emissions from other open furnace control 

In some cases, v i s ib le  

Visible emission 

Elec t r ic  Submerged-Arc Furnaces f o r  the Production 

Visible emissions from buildings which house e l e c t r i c  submerged-arc 

ferroalloy furnaces were observed a t  100 percent opacity f o r  brief periods. 

These emissions may vary from 0 t o  100 percent opacity depending on what 

production operation is occurring and the capture eff ic iency of the hoods. 

Possible sources of par t icu la te  matter which may cause v is ib le  emissions from 
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bu i ld ings  a r e  fumes which escape from t h e  furnace, tapping operations, 

oxygen l a n c i n g  o f  t a p  holes, and r e l a d l i n g  and pour ing o f  t h e  f e r r o a l l o y .  

V i s i b l e  emissions were observed a t  one tapping hood through two tapping 

periods, t h e  f i r s t  of 19 minutes durat ion,  and t h e  second o f  30 minutes 

durat ion,  and o p a c i t i e s  o f  fume which escaped t h e  hood were recorded. 

During t h e  f i r s t  tapping per iod observed, t h e  hood was moved o u t  o f  

p lace tw ice  f o r  unknown reasons f o r  a t o t a l  of 1.5 minutes o f  t h e  19. 

Excluding t h e  observat ions made d u r i n g  the 1.5 minutes when t h e  hood was 

ou t  o f  place, t h e  o p a c i t i e s  were observed t o  be zero percent f o r  12.5 

minutes ( o r  71.4 percent of  the t ime)  and were observed t o  be l e s s  than 

20 percent f o r  15.75 minutes (or 90 percent  of t h e  t ime) .  Opaci t ies were 

grea ter  than o r  equal t o  20 percent f o r  1.75 minutes o f  t h e  17.5 minutes 

dur ing which t h e  hood was i n  place. The maximum o p a c i t y  observed was 60 

percent. During t h e  second tap, t h e  tapping hood was l e f t  i n  p lace 

throughout t h e  tapping per iod.  Opac i t ies  were observed t o  be zero percent 

f o r  22 minutes o f  t h e  30 minute tapping per iod  (73.3 percent o f  t h e  t ime),  

and t h e  maximum o p a c i t y  observed was 15 percent. 

V i s i b l e  emission readings o f  fume escaping furnace hoods were obtained, 

and furnace hood capture e f f i c i e n c i e s  were estimated a t  3 open f e r r o a l l o y  

furnaces. 

escaping t h e  hood, and capture e f f i c i e n c i e s  were est imated as 100 percent. 

One o ther  open furnace was observed and judged t o  achieve equiva lent  

c o l l e c t i o n ,  b u t  formal opac i ty  readings were n o t  made. V i s i b l e  emissions 

I n  each o f  these cases, no v i s i b l e  emissions were observed 
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did not  escape the  covers o f  the  sealed furnaces observed unless the  seals 

around t h e  electrodes o r  charging chutes were leaking.  This condit ion can 

be corrected t o  prevent v i s i b l e  emissions. 
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V I  1. SUMMARY OF ECONOMIC INFORMATION 

A. I n t r o d u c t i o n  

This  sec t ion  w i l l  examine t h e  c o s t  o f  t h e  a l t e r n a t i v e  c o n t r o l  systems, 

evaluate the economic impact o f  t h e  c o n t r o l  cos ts  on t h e  indus t ry ,  and 

compare t h e  c o s t  o f  t h e  proposed standard o f  performance t o  t h e  cos t  

o f  achieving State standards. 

The type o f  furnace and t h e  method o f  hooding used t o  capture t h e  

furnace gases have a g r e a t  e f f e c t  on t h e  c o s t  o f  t h e  emission c o n t r o l  

system. The main f a c t o r  i n f l u e n c i n g  t h e  c o s t  o f  t h e  c o n t r o l  system 

i s  the gas volume t h a t  must be t rea ted .  

gases evolved from t h e  furnace r e a c t i o n  zone can be withdrawn by an 

exhaust system wi thout  combustion o f  t h e  carbon monoxide provided the 

furnace has a c losed water-cooled cover and mechanical seals  around the 

electrodes. A1 though sealed f e r r o a l l o y  furnaces cannot be used t o  

produce a l l  products, they o f f e r  the advantage o f  smal ler  gas volumes 

t o  c lean than an open furnace. 

from a sealed furnace i s  t y p i c a l l y  cleaned by v e n t u r i  scrubbers. 

i n s t a l l a t i o n s  a l s o  use e l e c t r o s t a t i c  p r e c i p i t a t o r s  and one uses a sealed 

baghouse. 

The carbon monoxide and o ther  

The small volume o f  und i lu ted  d i r t y  gases 

Foreign 

I n  t h e  open furnace system,induced a i r  i s  mixed w i t h  t h e  carbon mon- 

oxide which burns above t h e  charge. 

l a r  furnace, the evo lu t ion  o f  gases may r e s u l t  i n  f lows 50 t o  200 t imes 

those generated i n  a sealed furnace system. 

Depending on the design o f  the p a r t i c u -  

The gas f l o w  r a t e  depends on 
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t h e  hood design, the v e r t i c a l  opening between hood and furnace requ i red  

fo r  s t o k i n g  the charge, and t h e  diameter o f  t h e  furnace. 

(baghouses) o r  wet scrubbers are t y p i c a l l y  used t o  c o n t r o l  open furnaces. 

Fabr ic  f i l t e r s  

B. Model P l a n t s  

The c o n t r o l  cos ts  were developed f o r  model f e r r o a l l o y  furnaces 

(examples of f e r r o a l l o y  furnaces t y p i c a l  o f  furnaces which may be b u i l t  

i n  t h e  f u t u r e ) .  The values o f  the parameters o f  each model were chosen 

t o  represent  t h e  expected values f o r  new f e r r o a l l o y  furnaces. 

t h e  t rend i n  t h e  i n d u s t r y  i s  toward l a r g e r  furnaces than i n  the past, 

t h e  s i z e  chosen f o r  t h e  models i s  l a r g e  - 30 megawatts (except f o r  the 

S i l i c o n  metal furnace which i s  25 megawatts). 

design parameters associated with t h e  model furnaces. Since silicomanganese 

(SiMn) can be made i n  t h e  same furnace interchangeably w i t h  high-carbon 

ferromanganese (HC FeMn), we have assumed t h a t  t h e  c o n t r o l  equipment f o r  

t h e  SiMn furnace w i l l  be t h e  same as t h a t  f o r  the HC FeMn furnace. 

Because 

Table VII-1 shows the p e r t i n e n t  

Another emission source t h a t  must be c o n t r o l l e d  i n  a d d i t i o n  t o  the 

furnace i s  t h e  tapping operat ion.  

c o s t  a n a l y s i s  depends on t h e  furnace type. 

fumes can be c o l l e c t e d  w i t h  a separate hood and vented i n t o  the main 

c o n t r o l  device.  For sealed furnaces a separate f a b r i c  f i l t e r  c o n t r o l  

system was assumed as t h e  most probable method o f  c o n t r o l .  

The method o f  c o n t r o l  assumed f o r  t h i s  

For open furnaces the tapping 
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Table VII-1. Model Furnace Parameters 

Parameter 

Power rat ing,  h 

Product rate,a tons/yr 

Gas volume from 
sealed furnace,b 
scfm 

Gas volume from open 
furnace,b acfm @ 400°F 

Tapping fume gas 
volume f o r  a l l  furn ce 
types, acfm @ 15OoF 3 

HC FeMn 

30 

99,000 

5,000 

350,000 

60.000 

SiMn 

30 

44,000 

5,000 

350,0OOc 

60,000 

Product 

50% FeSi 

30 

47,500 

6,000 

450,000 

60,000 

HC FeCr 

30 

51,000 

5,000 

250,000 

60,000 

CaC2 

30 

91,000 

4,000 

200,000 

60,000 

S i  Metal 

25 

14,100 

6,000 

750,000 

60,000 

A t  90 percent o f  f u l l  capacity. a 

bThe gas volumes represent typical  values obtained from the industry survey 
questionnaires. 

‘Assumed t o  be the same fo r  the HC FeMn since the furnace may be designed t o  produce 
ei ther product. 

dThe figures shown f o r  the tap fume col lect ion are addit ive t o  the open furnace 
volume, based on an open furnace configuration w i th  the co l lect ion hood 5 t o  7 feet  
above the furnace deck. 
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C. Control Costs 

1 .  Open Furnace Control Costs 

Control costs  fo r  the model open furnaces shown i n  Table VII-1 

were developed fo r  two types of control devices - fabr ic  f i l t e r s  and 

wet scrubbers. All cos ts  a re  i n  1972 do l l a r s .  

a .  Fabric F i l t e r  Control Costs 

Estimates of investment and operating costs required t o  control 

open furnaces using fabr ic  f i l t e r  systems a r e  shown i n  Table vII-2.  

These cos ts  were derived from information developed fo r  EPA by 

the Industr ia l  Gas Cleaning I n s t i t u t e  (IGCI) . (43)  The tapping fume 

control system i s  vented i n t o  the f a b r i c  f i l t e r ,  and the cos ts  for  

t h a t  system are  included. The assumptions t h a t  form the basis fo r  

these cost  estimates will be discussed below. The industry 's  cos t  

estimates f o r  f a b r i c  f i l t e r  systems are  higher than the f igures  

in  Table VII-2 because additional equipment and in s t a l l a t ion  fac tors  

are  considered. 

TableVII-3and will be discussed in  the second pa r t  o f  t h i s  sect ion.  

The cap i t a l  costs  fo r  f a b r i c  f i l t e r  i n s t a l l a t ions  as received 

from the IGCI were p l o t t e d  against  the associated col lector  i n l e t  

volumes, and the graph i s  shown i n  Figure VII-1. The capi ta l  cost 

f o r  each model furnace may be determined from Figure vII-1 by 

f i n d i n g  the capi ta l  cost  t h a t  corresponds t o  the gas volume flow 

r a t e  fo r  t h a t  model. The cap i t a l  costs  from the IGCI study are  

based on a new p l a n t  s i t ua t ion  ( i . e . ,  a simple duc t  run, no space 

The indus t ry ' s  c o s t  estimates a re  shown in 
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Tab le VI I -2 .  Cont ro l  Costs f o r  Fabr i c  F i l t e r s  on Open Furnaces 

CaC2 

$ 430 

140 

730 

$1,300 

Cost I tem 

Cap i ta l  cos t  
(Thousands o f  8 )  
Fabr ic  F i  1 t e r  

S I  
Meta l  

$1,260 

520 

1,420 

$3,200 

Auxi 1 i ary  Equipment 

I n s t a l l a t i o n  

To ta l  Cap i ta l  Cost 

Annual Cost 
(thousands of $ 
pe r  y e a r )  

Operat ing Labor 

Maintenance (6%) 

E l e c t r i c i t y  

Cap i ta l  Recovery 
(15 yr. l i f e ,  8% 
i n t e r e s t )  

Admin i s t ra t i on  (2%)  

$ 53 

78 

57 

152 

26 

Taxes and Insurance 
(2%) 

$ 53 

192 

194 

374 

64 

,Total Annual Cost 

Annual Cost Per Ton 

Product 

HC FeMn I 
and SiMn ! 50% FeSi 

8 630 

21 0 

1,060 

$1,900 

$ 53 

114 

87 

222 

38 

38 

$ 552 

HC FeMn SiMn 

$5.58 $12.5 

$ 770 

250 

1,280 

$2,300 

- 

8 53 

138 

106 

269 

46 

46 
- 
$ 658 

$13.85 

HC FeCr 

$ 500 

160 

840 

$1 ,500 

53 

90 

68 

175 

30 

30 

$ 446 

$8.75 



Table . V I I - 3 .  Cont ro l  Costs f o r  Fabr i c  F i l t e r s  on Open Furnaces 
(Es t imated by I n d u s t r y )  

Cost I t em 

C a p i t a l  Cost ( housands 
of $) 

Fabr i c  F i l t e r  

A u x i l i a r y  Equipment 

I n s t a l  l a t i o n  

T o t a l  Cap i ta l  Cost 

Annual Cost (Thousands 
o f  $ p e r  y e a r )  

Opera t ing  Labor 

Maintenance (6%) 

E l e c t r i c i t y  

C a p i t a l  Recovery, 
(15 yr. l i f e ,  8% i n t e r e s t  

Adrni n i  s t r a t i  on (2%) 

Taxes and Insurance (2%)  

T o t a l  Annual Cost 

Product 

HC FeMn 

i I 
$1,000 I $1,265 

455 
1 
i 360 

1,640 i 2,080 

$ 53 ; $ 53 

i a o  i 228 
i 

87 i 106 

350 { 444 

1 
60 1 76 

76 
i 

$ 790 

C FeMn S1Mn' i 
Annual Cost Per Ton :$7.98 $17.95: 820.69 

HC FeCr 

$ 700 

255 

1,145 

$2,100 

8 53 

126 

68 

245 

42 

42 

$ 576 

$11.29 

CaC2 

$ 630 

220 

1,050 

$1,900 
- 

8 53 

114 

57 

222 

38 

38 

$ 522 

$5.74 - - 

S i  
Metal 

$1,890 

780 

2,130 

$4,800 
- 

$ 53 

288 

194 

561 

96 

96 - 
$1,288 

$91.35 
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l i m i t a t i o n s ,  e t c . ) .  The cos ts  f o r  the furnace hood and the incremen- 

t a l  costs  fo r  increases i n  e l e c t r i c a l  substat ion capac i ty  a r e  n o t  

included. The c a p i t a l  costs  f o r  t h e  f a b r i c  f i l t e r  i n s t a l l a t i o n s  

inc lude t h e  baghouse, fans,  upstream mechanical c o l l e c t o r ,  dust  

storage b i n s  w i t h  24-hour capaci ty ,  dust  hoppers and conveyors, 

foundation support,  ductwork connections, and stack.  The costs  

f o r  engineer ing design, e l e c t r i c a l  

e rec t ion ,  and performance t e s t i n g  are a l l  included. F iber  glass 

bags w i t h  a temperature r e s i s t a n c e  o f  500" F are assumed t o  be 

used. 

ment which permi ts  maintenance on one sec t ion  w i thout  s h u t t i n a  

down the e n t i r e  baghouse. 

and p i p i n g  t i e - i n s ,  i n s u l a t i o n ,  

The baghouse i s  a l s o  assumed t o  conta in  one e x t r a  compart- 

The f o l l o w i n g  assumptions concerning annual costs  o f  operat ion 

apply  t o  operat ion o f  the c o n t r o l  f a c i l i t y  f o r  open furnaces. 

(1) Reolacement o a r t s  and maintenance were estimated a t  

6 percent o f  t h e  o r i g i n a l  p l a n t  investment f o r  t h e  purpose o f  

r e p l a c i n g  50 percent o f  t h e  bags and 10 percent o f  the a i r  

valves per year,  and f o r  cont ingencies.  

(2) 

per  s h i f t .  

( 3 )  The main component o f  t h e  e l e c t r i c a l  costs  i s  t h e  

Manpower requirements were est imated t o  be 1/2 man 

power r e q u i r e d  by t h e  fans t o  overcome t h e  baghouse pressure 

drop. The pressure drop ranges from 10-12 inches o f  water f o r  

HC FeCr t o  15-20 inches o f  water f o r  50 percent FeSi. 
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(4) Depreciat ion and i n t e r e s t  charges are accounted f o r  

by the use o f  a c a p i t a l  recovery f a c t o r  based on 15 year l i f e  

and on 8 percent i n t e r e s t  r a t e .  

(5) Admin is t ra t ive cos ts  o f  2 percent  o f  o r i g i n a l  

investment, and another 2 percent f o r  p r o p e r t y  t a x  and 

insurance were assumed. 

The f e r r o a l l o y  i n d u s t r y  has est imated h igher  costs f o r  f a b r i c  

f i l t e r  i n s t a l l a t i o n s  f o r  the fo l low ing  reasons: 

(1) The i n d u s t r y ' s  c o s t  f i g u r e s  are based main ly  on 

i n s t a l l a t i o n s  a t  e x i s t i n g  p l a n t  s i t e s .  

l a t i o n s  must be f i t t e d  i n t o  the a v a i l a b l e  space, c e r t a i n  cost  

i tems such as duc t ing  w i l l  be more expensive. 

Since these i n s t a l -  

(2 )  The i n d u s t r y ' s  f igures  a l s o  i n c l u d e  i tems that were 

n o t  inc luded i n  the IGCI c o s t  est imates. These i tems a r e  t h e  

furnace hood cos t ,  e l e c t r i c a l  substat ion expansion costs, 

equipment s t a r t u p  costs,  and company engineer ing and con- 

t ingency costs. 

If these items are inc luded and i n s t a l l a t i o n  i n  an e x i s t i n g  

b u i l d i n g  i s  assumed, the c a p i t a l  costs can be as much as 50 percent 

h igher  than the IGCI costs. Table VII-3 shows the i n d u s t r y ' s  cost  

est imates f o r  the model furnaces. 

I f  the average o f  the IGCI cos ts  and t h e  i n d u s t r y ' s  costs are 

used, the annual cost  per  t o n  ranges from a low o f  $5.03 per  t o n  

f o r  calc ium carbide t o  $79.05 p e r  ton  f o r  s i l i c o n  metal .  
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b. Wet Scrubber Control  Cqsts 

Estimates o f  the investment and operat ing costs  requ i red  t o  

c o n t r o l  open furnaces us ing wet scrubbers are shown i n  Table VII-4. 

These est imates a r e  der ived from informat ion from the I n d u s t r i a l  

Gas Cleaning I n s t i t u t e  ( I G C I ) ( 4 3 )  and a r e  based on equipment and 

operat ing requirements t o  meet t h e  process weight standard 

publ ished i n  the Federal Reg is te r  o f  August 14, 1971 (36 FR 15486). 

The costs have been adjusted from I G C I  data t o  r e f l e c t  the gas 

flows of the model p lan ts  presented i n  Table VII-1.  The costs i n  

Table V I I -4gre  based on a new p l a n t  i n s t a l l a t i o n  and do n o t  

inc lude the furnace hood o r  a d d i t i o n a l  e l e c t r i c a l  subs ta t ion  

costs .  

i n  Table V I I - 4 .  

The i n d u s t r y ' s  experience conf i rms the costs as presented 

P l o t s  o f  investment c o s t  f o r  scrubbers t o  c o n t r o l  furnaces 

making 50 percent  f e r r o s i l i c o n  t h a t  were developed by the I G C I  

are shown i n  F igure ' V I I - 2 .  The c o s t  curve f o r  ferrochrome was 

used t o  develop the costs  f o r  a l l  the other  a l l o y s  except 50 

percent f e r r o s i l i c o n .  The investment costs  inc lude a v e n t u r i  

scrubber, a fan  w i t h  a t  l e a s t  20 percent excess capaci ty ,  an 

entrainment separator, a f t e r c o o l e r s ,  a s l u r r y  s e t t l e r ,  two 

f i l t e r s  t o  dewater the s l u r r y  product,  and tapping emissions con- 

t r o l .  

p i  p ing , i n s u l a t i o n ,  e rec t ion ,  perfotmance tes t ing ,  and s t a r t u p  

are a l l  included. 

The charges f o r  engineer ing design, e l e c t r i c a l  wir ing., 
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Table VII-4. Control Costs f o r  Wet Scrubbers on Open Furnaces 

2,450 

$3,150 

- 

Cost Item 

1,250 

$1,600 

- 

Capital Cost (thousands of 8 )  
1 

\ 
Scrubber 

Auxil iary equipment 

Ins ta l  l a t i o n  

Total Capital Cost 

Annual Cost (thousands of $ per  year :  

Operating Labor 

Maintenance (7%)  

El ec tri c i t y  

Water 

(15 y r .  l i f e ,  8% i n t e r e s t )  
Taxes and Insurance (2%)  
Administration (2%)  

) 

1 

\ Capital recovery 

Total Annual Cost 

I 

Annual Cost Per Ton 

Product 

HC FeMn 
and SiMn 

~ ~ ~~~ ~ 

$ 110 

290 

1,400 

$1,800 

50% FeSi 1 HC FeCr 1 CaC2 

$ 190 $ 96 1 $ 87 

8 26 

126 

290 

155 

21 0 

36 1 32 
36 <I,, 

i $ 732 

$ 879 ' $1,633 

: H C  FeMn SiMn 

', $8.88 $19.97 $34.38 j $14.35 

233 

1,130 

$1,450 

$ 26 

102 

190 

99 

169 

29 
29 
$ 644 

$7.08 
1 
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Figure Vll-2. Capital costs of open furnace control with wet scrubbers.43 
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The annual cost  per t o n  of product ranges from a low of 

$7.08 per ton for  calcium carbide t o  a h i g h  of $34.38 per ton 

for  50 percent ferrosi l icon.  

for  s i l i con  metal because o f  the d i f f i cu l ty  of achieving good 

control with wet scrubbers. 

c .  Actual Industry Costs 

Wet scrubber control was not included 

The Ferroalloy Association submitted t o  EPA the actual furnace 

and a i r  pollution control equipment cost  data for several recent 

ins ta l la t ions .  (44) 

somewnat d i f fe ren t  since each ins ta l la t ion  was an addition a t  an exis t ing 

plant,  and to  varying degrees existing equipment was used f o r  the new 

furnace. The costs reported f o r  the control equipment when 

adjusted for  the year of i n s t a l l a t ion  range from -16 percent t o  

+40 percent of the costs in Figures VJI-1 and VII-2. Considering the 

differences i n  the bases, the actual costs compare favorably w i t h  the 

costs in  Figure VII-1 and VII-2. Since the EPA estimaLes; are 

designed t o  represent typical i n s t a l l a t ions ,  some differences 

for  spec i f ic  ins ta l la t ions  are  expected. 

The spec i f ic  d e t a i l s  of each ins ta l la t ion  a re  

2. Sealed Furnace Control Costs 

a.  Furnace Fume Control Cost - Wet Scrubber 

Capital and annual costs are  presented in  th i s  section for  

control devices on sealed furnaces. Since the furnace has a 

t i g h t  cover w i t h  sea ls  around the electrodes,  the gas volume 

going t o  the control device i s  much smaller than for  an open 

77 



furnace. Thus, the cost  of the control device i s  much smaller 

than the  control device cos t  f o r  an open furnace. 

pollution control equipment i s  not the only consideration i n  a com- 

parison of open and sealed furnaces. Actually, the open and sealed 

furnaces require two d i f fe ren t  s e t s  of process equipment o f  which 

the pollution control system i s  one par t .  

However, the 

In order t o  make a complete comparision of the two furnace 

types, the to ta l  system should be considered from b o t h  the process 

side and the a i r  pollution control s ide .  

for  a sealed furnace are compared t o  the costs f o r  an open furnace 

to i l l u s t r a t e  t h i s  point. 

In t h i s  section the costs 

The costs presented here a re  fo r  a large sealed furnace 

recently constructed in Canada. 

t a t ive  of  the costs t h a t  would  be experienced a t  a U.S.  location. 

The maximum power rat ing for th,is furnace i s  33 Mw fo r  H C  FeMn 

and 38 Fh., f o r  SiMn. 

These costs should be represen- 

The primary control systein f o r  the sealed furnace consists 

o f  the sealed furnace cover, a water spray cooler,  a mechanical 

dust separator,  and a variable-throat venturi scrubber followed 

by a mist eliminator. The pressure drop across the scrubber i s  

in the range o f  75 t o  80 inches of water. 

furnace i s  about 6,600 scfm, and the gas flow a t  the scrubber 

i s  about 9,700 scfm. 

The gas flow from the 

The cleaned gas stream, which i s  r ich in 
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CO, can be used as a fuel source i n  the feed pretreatment plant  

or diverted t o  a f l a r e  stack. 

i s  included; the t rea ted  water i s  recycled t o  the scrubber and 

the f i l t e r  cake of so l ids  i s  recycled t o  the s inter ing p l a n t .  

A complete water treatment system 

The furnace tapping system i s  designed w i t h  a hood over each 

of  four tapholes. 

with another 20,000 acfm vent stream and sent  t o  a fabr ic  f i l t e r  

col lector .  

A to ta l  flow r a t e  of 30,000 acfm is combined 

Table VII-5 shows the costs  f o r  the sealed furnace and i t s  

control equipment compared t o  the company's estimated costs f o r  

an open furnace w i t h  a f ab r i c  f i l t e r  col lect ion system. 

prorated share of the p ro jec t ' s  u t i l i t i e s ,  e l e c t r i c a l ,  and 

engineering expense f o r  the control system i s  included i n  the 

control system cost .  

system and the tapping emission collection system, the company 

reported two other cost  factors  f o r  the t o t a l l y  enclosed furnace 

tha t  are  d i f fe ren t  from those of the open furnace. 

incremental furnace cost which includes such items as more 

complex electrode columns and e l ec t r i ca l  equipment. 

second i tem i s  an incremental feed pretreatment cost. which 

includes ore and coke dryers and a s i n t e r  plant .  

The 

In addition t o  the furnace collection 

Tine f i r s t  i s  the 

The 

The decision t o  use the incremental feed pretreatment 

must be made a f t e r  evaluation of the overall process. 

s inter ing allow the use of coke and ore f ines  and the recovered 

par t iculate  matter from the a i r  pollution control systems. 

Drying and 

Some foreign 
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Table VI-ti. Comparison of Capi ta l  and Annual Costs f o r  an 
Upen and a Sealed HC FeMn and SiMn 
Furnace Producing HC FeMn o r  SiMn 

‘pen Furnace Cost Item 
Tota l ly  Enclosed 

Furnace 

Comparison of t o t a l  cap i t a l  cos ts  (45)  

‘(thousands of $1 
$ 8,500 -- 

3,500 

$12,000 

_- 
Basic furnace and assoc ia ted  process equipment 
Incremental furnace c o s t  
I nc rewnta l  feed pretreatment  
Air pol lu t ion  control  systems 

$ 8,500 
1,400 
3,000 
2,100 

$1 5,000 

Comparison o f  control  equipment cos t s  

(thousands of 8 )  Capital  cos t s  (45) 

Primary sys tem 
Taohole svstem (see Table VI-7) 
InLremenGl furtiace cos t  

Annual cos t s  (thousands of $ per yea r )  

Operating c o s t  
Maintenance (6%) 
Capi ta l  recovery ( @  8% i n t e r e s t )  
Administration (2%) 
Taxes and insurance ( 2 % )  

Annual c o s t  per  tona ($/ ton)  

HC FeMn 
SiMn 

$ 3,500 
nc. i n  above) -- 

$ 3,500 

$ 143 
210, 
409 a 

i 
i 

$ 902 i 

70 
70 

I 
i 

$9.11 i $20.50 t 

$1 ,700b 
40 0 

1,400 

$3,500 

$ 135 

390 
70 
70 

210d 

$ 875 

a 
$8. 84e 

$19.89 

Based On 30 Mw f o r  H C  FeMn and 34 My f o r  SiMn, both a t  9U% operat ing r a t e .  

t o r ,  and water treatment equipment; $420,000 f o r  the furnace cover and 
mechanical s e a l s ;  and $380,000 f o r  the prorated share  of e l e c t r i c a l  u t i l i t y  
and engineering cos ts .  

‘Cepreciation l i f e :  15 years .  

dUepreciation lives: 

bincluoes $90t.OOG f u r  tne cooler ,  mechanical s q x i r a t o r ,  scrubber ,  n i s r  e1ii:iina- 

10 years  - furnace cover,  15 years  - pol lu t ion  control  sys- 
tem, 20 years  - incremental furnace costs. 

eThis does not  include the  annualized investment cos t  o r  operat ing cos t  of the  
incremental feed pretreatment equipment. 
t h a t  the t o t a l  manufacturing c o s t  pe r  ton of product i s  about equal f o r  both 
the open furnace with control and the sea led  furnace with control  add feed 
preparat ion.  

The f e r roa l loy  indus t ry  has indicated 
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plants with sealed furnaces have these additional feed pretreatment 

steps and some do n o t .  If. i s  even hard t o  define exactly what 

should be included a s  incremental feed pretreatment equipment. 

For example, some open furnaces have dryers and some do not 

(depending on the ava i l ab i l i t y  of dry mater ia ls) .  

may or may not be considered a s  incremental equipment fo r  t o t a l l y  

enclosed furnaces. The incremental feed pretreatment cost  could 

be considered a s  par t  of the a i r  pollution control cos t ,  o r  could 

be considered a process addition fo r  which the economics must be 

ju s t i f i ed  i n  each individual case.  

Thus ,  dryers 

In Table VII-5 the capi ta l  cos t  f o r  the incremental feed pre- 

treatment is  shown, b u t  these costs  a r e  not included i n  the presen- 

ta t ion  of the annual cost of the a i r  pollution control equipment. 

After an overall evaluation was made, t h i s  par t icu lar  plant decided 

t h a t  the sealed furnace w i t h  the additional feed pretreatment 

was the best choice i n  this case. 

the la rges t  producer of ferroal loys i n  Japan and a ferroal loy 

furnace manufacturer, s t a t e s  t h a t  the f ina l  cos t  of product i s  

the same from either an open or  t o t a l l y  enclosed furnace. (46) 

The par t icu lar  method of processing must be considered separately 

for each individual i n s t a l l a t ion .  

Japan Metals and Chemicals, 

I t  i s  not possible to  generalize from t h i s  case t o  say t h a t  

i n  a l l  cases the t o t a l l y  enclosed furnace w i t h  feed pretreatment 

would be the most economical. 

a furnace i s  t o  be added a t  an existing p l an t ,  an open furnace 

For example, i n  the case where 
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could possibly use the ex is t ing  feed preparation and delivery 

system whereas a sealed furnace might require a new, separate 

feed preparation and delivery system. Also, the open furnace 

could possibly be ins ta l led  i n  an exis t ing building while the 

t a l l e r ,  t o t a l l y  enclosed furnace would probably require a new 

or expanded building. 

s i t e  could a f f e c t  the costs  enough t o  change the choice of the most 

economical type of furnace t o  an open furnace. 

These or other differences a t  any spec i f ic  

The cos t  data i n  TableVII-5 a re  fo r  sealed furnaces producing 

H C  FeMn and SiMn. TableVII-6 shows the emission control device 

cos t  f o r  a sealed 30 megawatt CaC2 furnace. 

based on extrapolation from the H C  FeMn costs  f o r  the same type 

of system u s i n g  the following relat ionship:  

The costs  are 

CaC7 gas  volume 
C o s t  of CaC2 System = Cost of H C  FeMn System X HC FeMn gas volume 

Only the emission control system i s  shown i n  Table VII-6. 

b.  Furnace Fume Control Cost - Fabric F i l t e r  

One known company uses a f ab r i c  f i l t e r  a s  the control device 

on a sealed furnace. T h i s  method of control has n o t  been used 

in the U.S., and the domestic industry does not expect t o  use 

this method of control fo r  sealed furnaces. The estimated 

capi ta l  cost  for a conventional fabr ic  f i l t e r  control system.con- 

s i s t i n g  of a radiant  cooler,  cyclone, fan ,  f ab r i c  f i l t e r ,  d u s t  

removal and storage equipment, water seal tanks, and f l a r e  s tack ,  
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Table VII-6. Control Costs f o r  a Sealed CaC2 Furnace 

Cost Item 

Capital Costs (Thousands o f  $) 

Primary Control System 

Taphole System (See Table VI-7) 

Total Capital Cost 

Annual Costs (Thousands o f  $ per year)  

Operating Cost 

Maintenance (6%) 

Capital Recovery (15 year l i f e ,  8% i n t e r e s t )  

Administration (2%) 

Taxes and Insurance ( 2 % )  

Total Annual  Cost 

Annua l  Cost per ton of Product ($ / ton )  

cost 

$1,280 

400 

$1,680 

$ 119 

101 

196 

34 

34 

$ 484 
$5.32 

83 



i s  about $250,000. 

special ly  designed because of the h i g h  concentration of CO gas. 

These added design considerations could subs tan t ia l ly  increase 

the cost .  

c. Tapping Fume Control Cost 

However, this system would have t o  be 

The estimated capi ta l  and annual costs presented i n  Table y11-7 

are based on a separate fabr ic  f i l t e r  control system fo r  emissions 

generated d u r i n g  the furnace tapping operation. 

r a t e  was 60,000 acfm a t  150' F. 

f abr ic  f i l t e r ,  and dust removal and  storage equipment. 

The assumed flow 

The system includes a hood, fan,  

Because the tapping operation can be scheduled w i t h  some 

f l e x i b i l i t y ,  t h i s  control system could serve more than one 

furnace. 

vented t o  the same fab r i c  filter,which would reduce the control 

cost  per furnace. 

fume control system for  each furnace has been assumed. 

Possibly tapping fume hoods from two furnaces could be 

However, fo r  t h i s  analysis a separate tapping 

D. Discussion o f  the Control Costs 

1.  Cost Effectiveness Comparisons 

In general, varying the level of control eff ic iency required will 

r e su l t  in  a change of the control system cost .  

ferroal loy furnace controls ,  the cos ts  do not follow the usual 

pat tern.  This can be seen i n  two comparisons. 

open furnace control systems--fabric f i l t e r s  and wet scrubbers. 

In the case of the 

Consider f i r s t  the 
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Table VII-7. Control Costs for  a Separate Tapping Fume Collection System 

Cost Item 

Capital Cost 

Fabric F i l t e r  

Auxiliary Equipment 

Ins ta l  1 a t ion 

Total Capital Cost 

Annual Cost 

Operating Labor 

Maintenance (10%) 

E 1 ec t r  i c i ty  

Capital Recovery (15 yr .  l i f e  a t  8% In te re s t )  

Administration (2%)  

Taxes and  Insurance ( 2 % )  

Total  Annual Cost 

cost 

$ 85,000 

55,000 

260,000 

$400,000 

$ 10,000 

40,000 

23,000 

47,000 

8,000 

8,000 

$1 36,000 
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The fabr ic  f i l t e r  systems can achieve the best  control.  

required control efficiency i s  lowered, wet scrubbers could be used. 

B u t ,  as Tables VfX-2,3, and 4 ind ica te ,  the annual costs f o r  wet 

scrubbers are higher than those for fabr ic  f i l t e r s .  Therefore, 

there  i s  no cost  advantage t o  s e t t i n g  an emisssion standard which 

requires a lower efficiency than what can be achieved u s i n g  a fabr ic  

f i l t e r  system. 

If the 

A second comparison can be made looking a t  sealed furnaces and 

open furnaces f o r  production of H C  FeMn, SiMn, and CaC2. 

these products the cost  of the control device for  the sealed furnace 

(Tables VIr-5,6) i s  lower t h a n  t h a t  fo r  a f ab r i c  f i l t e r  on an open turnace 

As discussed i n  sect ion C . Z . a . ,  when a l l  costs are considered there 

i s  no s igni f icant  cos t  difference between an open furnace with 

fabr ic  f i l t e r  and a sealed furnace w i t h  a wet scrubber. Therefore, 

the choice of system wil l  be influenced by factors other than 

cost  . 

For 

2.  Control Costs - New Source Performance Standards vs. State Standards 

In order t o  meet typical State  process weight s tandards the  

ferroalloy furnaces must i n s t a l l  f ab r i c  f i l t e r  control systems (or 

equivalent) on open furnaces and provide control of tapping fumes. 

This i s ,  of course, equivalent t o  the requirements of the proposed 

standard of performance. Therefore, the cost of control t o  meet 

the Droposed standard of performance i s  no clreater 

than what the industry must spend t o  meet typical S t a t e  standards. 
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E. Economic Impact 

I t  i s  estimated tha t  f i ve  t o  e ight  new furnaces will  be needed in the 

next 

for exis t ing units. 

and t h a t  i s  due fo r  completion in 1975. 

t he i r  plants.  

growth in  the industry. 

prices were frozen a t  low levels  which severely limited p ro f i t s  and 

consequently limited funds ayailable fo r  expansion. With the exception of 

the new unit  mentioned above, the industry i s  investing a large proportion 

of available capi ta l  in pollution control equipment t o  meet the 1975 

emission control guidelines. 

5 years t o  provide the required new capacity and replacements 

However, only one un i t  i s  current ly  under construction 

In 1972 four producers closed 

Thus, there has been a net a t t r i t i o n  ra ther  than a slow 

As i s  true with many products, ferroal loy 

The combination of price controls  and the upsurge in the s t ee l  

industry have caused a severe shortage o f  ferroal loys.  

are se l l ing  a t  two and three times the controlled domestic pr ices .  With 

price control regulations relaxed, i t  i s  apparent the a i r  pollution 

control costs ranging from 5 percent of the se l l i ng  pr ice  for ferromanganese 

t o  20 percent fo r  s i l i con  metal can be passed on t o  the consumers. 

Imported a l loys 



I V I  11. ALTERNATIVE STANDARDS 

L i s t e d  below f o r  each p o l l u t a n t  a re  a l t e r n a t i v e s  which were considered 

i n  developing the  proposed standards o f  performance. 

A. A1 t e r n a t i v e  Standards f o r  P a r t i c u l a t e  Mat te r  

1/  1. A l t e r n a t i v e  No. 1.- 

No owner o r  opera tor  s h a l l  cause t o  be discharged i n t o  t h e  

atmosphere from any a f f e c t e d  f a c i l i t y  any gases which: 

a. Contain p a r t i c u l a t e  mat te r  i n  excess o f  0.45 kg/Mw-hr 

(0.99 lb/Mw-hr) w h i l e  t h a t  f a c i l i t y  produces s i l i c o n  metal, 

f e r r o s i l i c o n  (60 percent and above), ca lc ium s i l i c o n ,  o r  

s i 1  icomanganese zirconium. 

b. Contain p a r t i c u l a t e  mat te r  i n  excess o f  0.23 kg/Mw-hr 

(0.51 lb/Mw-hr) w h i l e  t h a t  f a c i l i t y  produces charge chrome, 

ferromanganese s i l i c o n ,  o r  s i l v e r y  i r o n  (5 t o  24 percent 

s i 1  i con ) .  

c. Contain p a r t i c u l a t e  mat te r  i n  excess o f  0.07 kg/Mw-hr 

(0.15 lb/Vw-hr)  w h i l e  t h a t  f a c i l i t y  produces silicomanganese, 

l/ The l i m i t a t i o n s  o f  p a r t s  ( a )  and (b) o f  A l t e r n a t i v e s  1 and 2 
can 6e achieved by an open furnace w i t h  good con t ro l  equipment such as 
a f a b r i c  f i l t e r .  Par t  ( c )  w i l l  probably r e q u i r e  a w e l l - c o n t r o l l e d  sealed 
furnace al though a t i g h t l y  hooded open furnace w i t h  very good c o n t r o l  may 
s u f f i c e  (see data f o r  P lan t  U i n  Chapter V I ) .  
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ferromanganese, ca lc ium carb ide,  high-carbon ferrochrome, 

nominal 50 percent f e r r o s i l  icon,  o r  ferrochrome s i l i c o n .  

Advantages 

1 )  Th is  o p t i o n  mandates "best  technology." 

2 )  It s t r o n g l y  encourages use o f  sealed furnaces f o r  those product  

l i n e s  f o r  which they  have been demonstrated. 

f o l l o w i n g  advantages: 

(a) A sealed furnace r e s u l t s  i n  n e a r l y  100 percent  capture 

o f  emissions. 

R e s t r i c t i o n  o f  a i r  f l o w  r a t e  through t h e  c o n t r o l  system 

Th is  has t h e  

(b) 

minimizes emissions. 1/ 

( c )  Emissions o f  CO from a sealed furnace a r e  s u f f i c i e n t l y  

concentrated t h a t  CO can be recovered f o r  f u e l  o r  chemical 

synthesis.  Y 

A i r  volumes and the re fo re  mass emissions ( f o r  a f i x e d  e x i t  concentra- 
t i o n )  f rom a sealed furnace are o n l y  about  2 percent  as  much as from an 
equ iva len t  open furnace. 

35 percent  o f  t h e  t o t a l  power input. For a 30 megawatt furnace t h i s  i s  
approx imate ly  equ iva len t  t o  15,000 g a l l o n s  o f  f u e l  o i l  per  day. 
count r ies ,  t h i s  gas i s  commonly used t o  f i r e  d rye rs  and p l a n t  bo i l e rs ,  o r  
f o r  chemical synthesis.  

The recoverable energy f rom a sealed furnace may approximate 20 t o  

I n  f o r e i g n  
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(d) This limitation improves the working environment of employees 

because the sealed furnace maximizes capture at the furnace 

of emissions potentially harmful to human health. 

(e) Sealed furnaces maximize product yield by minimizing loss 

of charge material through the stack or as fugitive emissions. 

(f) The sealed furnace minimizes power requirements for air 

pollution control to abotit 10 percent that required for 
open furnaces.- 41 

(9) Large sealed furnaces can be readily automated to reduce 

labor and operating costs. 

(h) Capital cost of control equipment is minimized because 

sealed furnaces with their attendant low volumes of exhaust 

gas require smaller and less expensive control devices. 

(i) The use of sealed furnaces may provide for closer process 

control by analysis and monitoring of gas consitutents. 

3) Open furnaces with good control systems dre permitted for those 

products for which sealed furnace technology is not known to be 

demonstrated. 

Energy requirements for equipment to control air pollution on open 
furnaces approximate 10 percent of the power input to the furnace. 
sealed furnace, control equipment power requirements approximate one percent 
of the furnace power input. 

For a 
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4)  This alternative permits the use of scrap steel i n  open furnaces 

for the production of silvery iron. 

5) This alternative requires control of t a p  fumes for a l l  furnace 

configurations and also requires control of any emissions occurring 

from the  annular openings a t  the electrodes of semi-enclosed furnaces. 

Disadvantages 

1 )  A regulation t h a t  requires sealed furnaces: 

Would r e s t r i c t  their use t o  a certain "family" of products 

(precluding manufacture of certain other products), thereby 

restricting the f lexibi l i ty  of new furnaces t o  respond t o  

market demands. 

Could indirectly encourage construction of open furnaces 

outside of the United States where pollution requirements 
are less stringent i n  order to retain the flexibility.- 5/ 

2) Sealed furnaces require additional safety precautions and f ac i l i t i e s  

for the transfer and treatment of C O  gas. (See Issue 2 ,  Chapter XI.)  

9 Such a trend could ultimately make the United States dependent on 
foreign sources for steel additives (ferroal loys) necessary for defense 
and consumer goods. However, th i s  reason is somewhat miti ated by our  
present dependence on foreign sources for ferroalloy ores 4 such as manganese). 
Foreign suppliers are already beginning t o  process their own ores and may 
one day ship only the ferroalloy to  United States markets. 
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3) Sealed furnaces may require additional pretreatment of raw 

materials f o r  production of some ferroal loys.  

Item 1 ,  Chapter XI) .  

(See Issue 3 ,  

4 )  T h i s  a l te rna t ive  could prevent the use of scrap s teel  turnings 

in the production of 50 percent fe r ros i l icon ,  thereby increasing 

costs and reducing capacity for  production o f  t h i s  ferroalloy. 

(See Issue 3,  Item 3 ,  Chapter XI). 

5 )  Limited d a t a  are  available for  sealed furnaces producing some 

alloys included in Part 3 of t h i s  a l te rna t ive .  

( a )  Only one sealed furnace each i s  known t o  produce high-carbon 

ferrochrome a n d  ferrochrome s i l icon .  

( b )  Only two sealed furnaces a re  known t o  produce 50 percent 

fe r ros i  1 icon. 

1/ 6/ 2.  Alternative No. 2.- ’ - - 
No owner o r  operator shall  cause t o  be discharged into the 

atmosphere from any affected f a c i l i t y  any gases which: 

a .  Contain par t iculate  matter i n  excess o f  0.45 kg/Mw-hr 

(0.99 lb/Mw-hr) while that  f a c i l i t y  produces s i l i con  

6/ The emission limits of Alternatives 1 and 2 are ident ical .  Some 
ferrzalloys have been t a k e n  out o f  category c and p u t  i n t o  categories a 
and b. 
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metal, ferrosi  1 i can (50 percent and above), calcium 

s i l i con ,  or silicomanganese zirconium. 

b. Contain par t iculate  matter i n  excess of 0.23 kg/Mw-hr 

(0.51 lb/Mw-hr) while t ha t  f a c i l i t y  produces high-carban 

ferrochrome, ferrochrome s i1  icon, s i lvery  iron, ferromanganese 

s i l i con ,  o r  charge chrome. 

c. Contain par t iculate  matter i n  excess of 0.07 k g / h - h r  

(0.15 lb/Mw-hr) while t h a t  f a c i l i t y  produces silicomanganese, 

ferrornanganese, o r  calcium carbide. 

Advantages 

1 )  T h i s  a l te rna t ive  i s  consis tent  w i t h  the "best technology (taking 

in to  account the cos t )"  requirement o f  the Clean Air Act. 

2 )  This a l te rna t ive  permits 50 percent ferrosi l icon,  high-carbon 

ferrochrome, and ferrochrome s i l icon  to  be produced i n  open 

furnaces. 

3 )  T h i s  a l te rna t ive  permits the use of scrap s t ee l  tu rn ings  for  

producing 50 percent fe r ros i l icon  and s i lvery  iron. 

Issue No. 3,  Item 3 ,  Chapter XI).  

(See 

I 

4 )  The techno1 ogy t o  produce ferromanganese ~ si  1 icomanganese and 

calcium carbide i n  sealed furnaces is  well demonstrated by over 

20 years experience in foreign countries. 



5) This  a l t e r n a t i v e  increases t h e  i n d u s t r y ' s  f l e x i b i l i t y .  Fewer 

sealed furnaces w i l l  be b u i l t  s i nce  fewer products w i l l  be 

requ i red  t o  be produced i n  them. 

6) Th i s  a l t e r n a t i v e  minimizes t h e  number o f  products  which w i l l  

r e q u i r e  pretreatment o f  raw mate r ia l s .  z/ 

This  a l t e r n a t i v e ,  by inc reas ing  t h e  a l lowab le  number of open 

furnaces, may decrease any tendency o f  t h e  domestic i n d u s t r y  t o  

b u i l d  new furnaces ou ts ide  t h e  Un i ted  States.  

Advantage 5 o f  A l t e r n a t i v e  Number 1 app l ies .  

9) The emission l i m i t a t i o n s  o f  ca tegor ies  a and b o f  t h i s  a l t e r n a t i v e  

cou ld  be e a s i l y  met through use o f  sealed furnaces f o r  those 

products f o r  which sealed furnaces have been demonstrated. 

10) For  category c o f  t h i s  a l t e r n a t i v e ,  Advantages 2(a) through 2(i) 

o f  A1 t e r n a t i v e  Number 1 apply.  

Disadvantages 

1 )  Open furnaces, w i t h  t h e i r  i n h e r e n t l y  l a r g e r  a i r  volumes, w i l l :  

(a)  E m i t  more p a r t i c u l a t e  than t h e  sealed furnace. Y 

I/ 
i n  sealed furnaces i n  f o r e i g n  c o u n t r i e s  w i t h o u t  subs tan t i a l  feed pre- 
treatment. 

Ferromanganese, silicomanganese, and ca lc ium carb ide  a r e  produced 
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(b) Consume greater quantit ies o f  energy and incur higher 

operating costs f o r  air  pollution control than sealed 

furnaces. 

2)  T h i s  a l te rna t ive  f a i l s  t o  encourage the development of technology 

to  overcome the l imitat ions i n  product f l e x i b i l i t y  of the sealed 

furnace. 

3) Disadvantages 

C.  

and 2 of Alternative Number 1 apply t o  category 

3 .  Alternative No. 3.  

No owner o r  operator shal l  cause t o  be discharged into the 

atmosphere from any affected f a c i l i t y  any gases which: 

a. Contain par t iculate  matter i n  excess of 0.45 kg/Mw-hr 

(0.99 1b/Mw-hr) while t h a t  f a c i l i t y  produces s i l i con  

metal, ferrosi l icon (50 percent and above), calcium 

s i1  icon, or si1 icomanganese zirconium. 

b. Contain par t iculate  matter in excess of 0.23 kg/Mw-hr 

(0.51 lb/Mw-hr) while t h a t  f a c i l i t y  produces high-carbon 

ferrochrome, ferrochrome s i l icon ,  s i lvery  iron, charge 

chrome, s i1  icomanganese, ferromanganese, ferromanganese 

s i l i con ,  or calcium carbide.  
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Advantages 

1) This  a l t e r n a t i v e  permi ts  t h e  use o f  open furnaces f o r  t h e  produc t ion  

o f  a l l  f e r r o a l l o y s .  

2) Th is  a l t e r n a t i v e  permi ts  the  use o f  scrap s t e e l  f o r  t h e  produc t ion  

o f  f e r r o s i l i c o n .  

3) This a l t e r n a t i v e  does n o t  i n t roduce  any problems o f  product  

f l e x i  b i  1 i ty. 

4) This  a l t e r n a t i v e  w i l l  n o t  encourage the domestic i n d u s t r y  t o  

b u i l d  new furnaces ou ts ide  the  Un i ted  States.  

5) This  a l t e r n a t i v e  w i l l  a l s o  pe rm i t  use o f  sealed furnaces where 

appropr ia te.  

6) Advantage 5 o f  A l t e r n a t i v e  Number 1 app l i es .  

Disadvantages 

1 )  Disadvantages 1 and 2 o f  A l t e r n a t i v e  Number 2 apply.  

2) This  a l t e r n a t i v e  does n o t  r e q u i r e  new f a c i l i t i e s  t o  u t i l i z e  

the best methods o f  a i r  p o l l u t i o n  c o n t r o l  f o r  some f e r r o a l l o y  

products. 

4. A l t e r n a t i v e  No. 4. 

No owner o r  operator  s h a l l  cause t o  be discharged i n t o  t h e  

atmosphere from: 
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a. Any affected open furnace facility any gases which contain 

particulate matter in excess of 0.45 kg/Mw-hr (0.99 lb/Mw-hr) 

while that facility produces silicon metal, ferrosilicon 

(50 percent silicon and above), calcium silicon, or silico- 

manganese zirconium. 

b. Any affected open furnace facility any gases which contain 

particulate matter in excess of 0.23 kg/Mw-hr (0.51 lb/Mw-hr) 

whjle that facility produces high-carbon ferrochrome, ferro- 

chrome silicon, silvery iron, charge chrome, silicomanganese, 

ferromanganese, ferromanganese silicon, or calcium carbide. 

c. Any affected sealed furnace facility any gases which contain 

particulate matter in excess of 0.07 kg/Mw-hr (0.15 lb/Mw-hr) 

while that facility produces silicomanganese, ferromanganese, 

calcium carbide, high-carbon ferrochrome, nominal 50 percent 

ferrosilicon, or ferrochrome silicon. 

I 

Advantages 

1 )  Advantages 1 through 4 of Alternative Number 3 apply to categories 

a and b of this limitation. 

2) Categories a and b of this limitation require any operator installing 

open furnaces to use best control technology for open furnaces. 
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3 )  Category c of this l imitat ion requires any operator i n s t a l l i ng  

sealed furnaces t o  use best control technology f o r  sealed furnaces. 

4) Advantage 5 of  Alternative Number 1 applies.  

Di sadvantages 

1 )  Disadvantages 1 and 2 of Alternative Number 2 apply t o  categories 

a and b of this l imitat ion.  

2 )  This a l te rna t ive  permits greater  emissions from an open furnace 

than from a sealed furnace even when producing the same product. 

This could dlscourage the in s t a l l a t ion  of sealed furnaces. 

B. Alternative Standards fo r  Carbon bionoxide (CO) 

1 .  Alternative No. 1.  Y 
No owner o r  operator shall  cause t o  be discharged i n t o  the 

atmosphere from any affected f a c i l i t y  any gases which contain 

on a dry basis,  20 o r  grea te r  volume percent o f  carbon monoxide. 

Combustion of such gases under conditions acceptable t o  the 

Administrator shall  cons t i tu te  compliance w i t h  this requirement. 

!/ Consultation w i t h  a manufacturer of CO f lares and incinerators 
revealed t h a t  CO will support combustion in a i r  a t  12.5 percent or  greater  
CO by volume. (The lower l imi t  is  subject  t o  minor variation depending on 
the gas 's  temperature and humidity.) In the open furnace, CO burns upon 
contact w i t h  ingested a i r  a t  the surface of the charge material. In semi- 
enclosed and sealed furnaces, which operate a t  s l i g h t  posi t lve pressure, 
the CO exi ts  from the furnace a t  a concentration of between 50 and 90 
percent by volume. 
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Advantages 

1)  The opera t i on  o f  open furnaces i s  n o t  a f fec ted .  

2 )  The opera tor  us ing semi-enclosed o r  sealed furnaces must f l a r e  

t h e  furnace gas o r  use i t  as f u e l .  

3 )  Enforcement and compliance are  s imple and inexpensive.  

Disadvantages 

None apparent. 

2. A l t e r n a t i v e  No. 2. 

Set no standard o f  performance f o r  CO. 

standards on the  bas is  o f  a i r  q u a l i t y .  

I n d i v i d u a l  States w i l l  s e t  

Advantaqes 

None apparent. 

Disadvantages 

1 )  Th is  would n o t  r e q u i r e  i n s t a l l a t i o n  o f  bes t  demonstrated technology 

t o  preclude t h e  c rea t i on  o f  new a i r  p o l l u t i o n  problems by sealed 

o r  semi-enclosed furnaces. 

2 )  Th is  cou ld  r e s u l t  i n  h igh  l o c a l i z e d  concentrat ions o f  CO. 

I 
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I 

I 

C. A l t e r n a t i v e  Standards f o r  V i s i b l e  Emissions 

1. A1 t e r n a t i v e  No. 1. 

No owner o r  opera tor  s h a l l  cause t o  be discharged i n t o  t h e  

atmosphere f rom any a f f e c t e d  f a c i l i t y  any gases which e x h i b i t  10 

percent o p a c i t y  o r  g rea ter .  

Advantages 

1 )  This  a l t e r n a t i v e  i s  cons i s ten t  w i t h  t h e  i n t e n t  o f  t h e  Clean A i r  

Ac t  t o  mandate best  technology. 

2) Th is  a l t e r n a t i v e  requ i res  c o n t r o l  o f  t a p  fumes. 

3 )  Open furnaces w i t h  scrubber o r  baghouse c o n t r o l  devices can meet 

t h i s  1 i m i t a t i o n .  

4) This  a l t e r n a t i v e  minimizes t h e  emissions s ince  v i s i b i l i t y  o f  t h e  

exhaust i s  a gross i n d i c a t i o n  of p a r t i c u l a t e  rnattEr content .  

Disadvantage 

I t  I s  poss ib le  t h a t  t h i s  l i m i t a t i o n  can be exceeded w h i l e  t h e  

mass emission l i m i t a t i o n  i s  be ing met. Y 

One open furnace producing 75 percent  f e r r o s i l i c o n  equipped w i t h  
a c losed suc t i on  baghouse had emissions o f  up t o  15 percent  o p a c i t y  w h i l e  
nea r l y  meeting a mass standard o f  0.99 lb/Mw-hr. 
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2. A l t e r n a t i v e  No. 2. 

No owner o r  operator  s h a l l  cause t o  be discharged i n t o  the 

atmosphere f rom any a f f e c t e d  f a c i l i t y  any gases which e x h i b i t  

20 percent  o p a c i t y  o r  g rea te r .  

Advantages 

1 )  Advan’ages 1 through 3 o f  A l t e r n a t i v e  No. 1 apply.  

2) I t  i s  n o t  l i k e l y  t h a t  t h i s  requirement can be exceeded w h i l e  

s t i l l  meet ing t h e  mass emission requirement. 

Disadvantage 

Th is  a l t e r n a t i v e  would pe rm i t  g rea ter  emissions. 

102 J 



IX. ENFORCEMENT ASPECTS OF THE PROPOSED STANDARDS 

The proposed standard includes l imitat ions on par t icu la te  matter,  

vis ible ,  and carbon monoxide emissions. Open, sealed,  and  semi-enclosed 

furnaces with proper control equipment could be used t o  meet the proposed 

standard. 

A. . Part iculate  Matter Standard 

The proposed standard l imi t s  a l l  mi s s ions  of par t icu la te  matter from 

the e l e c t r i c  submerged arc  furnace and includes those which occur during 

the tap cycle of the furnace. Uncontrolled par t icu la te  matter emissions 

will vary with the a l loy  produced, type and s i z e  of raw mater ia ls ,  operating 

techniques, furnace design, and the input power a t  which the furnace i s  

operated. 

When a new furnace is  ins ta l led ,  a record should be made of the products 

for  which the furnace is  designed and the maximum furnace power rat ing f o r  

each. The  control system must be designed t o  assure t h a t  the standards o f  

performance f o r  each product will be achieved when the furnace i s  producing 

a t  the maximum power i n p u t  for t h a t  product. 

test should be performed when the furnace i s  producing the product having 

the emissions most d i f f i c u l t  t o  control. For example, the performance test  

for  a furnace designed t o  produce 75 percent ferrosi l icon and s i l icon  metal 

should be performed while producing s i l icon  metal. 

I f  possible, the perfonance 

Control devices on exis t ing furnaces exhaust the eff luent  in three 

possible ways: ( 1 )  through a s ingle  stack, ( 2 )  th rough  multiple stacks,  
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and ( 3 )  unconstrained ( t o t a l  absence o f  a s tack o r  duc t ) .  

aspects o f  measuring p a r t i c u l a t e  mat te r  which vary accord ing t o  these 

categor ies,  are discussed below: 

Enforcement 

1. E f f l u e n t  discharqed through a s i n g l e  s tack.  

This  c o n f i g u r a t i o n  i s  most e a s i l y  tested.  The methods f o r  measurement 

o f  p a r t i c u l a t e  emissions are s p e c i f i e d  i n  40 CFR 60 (Reference Methods 1, 

2, 3, 4, and 5 ) .  

New sources should be designed t o  assure optimum sampling cond i t ions .  

For example, t h e  optimum sampling l o c a t i o n  i s  no t  l ess  than 8 diameters 

downstream and two diameters upstream from anyth ing i n  t h e  duct  which 

might d i s t u r b  t h e  gas f l o w .  

f rom these optimum c r i t e r i a ,  t he re  should be a design goal t o  ensure t h e  

most accurate and p rec i se  res.:lts poss ib le  o f  any measurements o f  emissions. 

Although t h e  Methods permi t  dev ia t i on  

Plat forms, u t i l i t i e s  and sampling p o r t s  should be l oca ted  t o  

f a c i l i t a t e  sampling a t  new o r  mod i f i ed  sources. 

2. E f f l u e n t  exhausted through m u l t i p l e  stacks.  

The problems presented by t h i s  p o s s i b i l i t y  are merely t ime and 

expense. 

make a r i go rous  compliance t e s t  i m p r a c t i c a l .  I n  such a case, the  

source and t h e  enforcement agency should agree on a s p e c i f i c  p lan  

f o r  measuring emissions which w i l l  p rov ide  t h e  data necessary t o  

determine compliance a t  a reasonable cost .  The optimum p lan  w i l l  

vary  f rom source t o  source. 

The number o f  t e s t s  requ i red  and t h e i r  a t tendant  costs  may 
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Por tab le  opac i t y  inst ruments have r e c e n t l y  become a v a i l a b l e  

and represent  low-cost  means o f  showing comparab i l i t y  between stacks. 

These inst ruments may be a d e s i r a b l e  t o o l  f o r  use i n  a t e s t  p lan. 

3.  E f f l u e n t  n o t  const ra ined w i t h i n  a stack.  

Th is  category inc ludes  emissions t h a t  d ischarge through roo f  

monitors, open o r  pressur ized baghouses, and, i n  some cases, open- 

faced f i l t e r s .  Performance t e s t  methods f o r  t h i s  category have no t  

been s p e c i f i e d  because o f  the  l a c k  o f  proven t e s t  techniques, a 

consequence o f  1 i m i t e d  sampling experience. 

Several problems sur face when at tempts a r e  made t o  measure 

unconstrained e f f l u e n t .  

a representa t ive  sample. 

sect ions)  from which emissions exhaust make i t  i m p r a c t i c a l  o r  impossib le  

t o  sample a t  s u f f i c i e n t  p o i n t s  t o  represent  t h e  e n t i r e  d ischarge area. 

The accuracy o f  any a l t e r n a t i v e  depends on t h e  v a l i d i t y  o f  t h e  

engineer ing assumptions necessary. 

t h e  t o t a l  f l o w  area i n t o  sub-areas which a r e  then sampled. 

may p a r a l l e l  Method 5, o r  o the r  techniques such as high-volume sampling 

may be used. One scheme inc ludes  t r a v e r s i n g  across t h e  h o r i z o n t a l  

cross sec t i on  o f  a r o o f  mon i to r  w i t h  a high-volume sampler. 

used i n  t h e  aluminum indus t ry ,  r e q u i r e s  m u l t i p o i n t  sampling by a 

permanent sampling man i fo ld  mounted beneath t h e  r o o f  monitor.  

man i fo ld  discharges t o  a small s tack which can be sampled us ing  Method 5. 

The f i r s t  i s  t h e  d i f f i c u l t y  o f  o b t a i n i n g  

Large and somefimes mu1 t i p l e  areas (cross 

One a l t e r n a t i v e  i s  t o  subd iv ide  

Sampling 

Another, 

The 

' 105 



A second problem r e s u l t s  f r o m  t h e  very low f l o w  r a t e s  comnonly 

encountered i n  these systems. 

convent ional  sampling equipment. Th is  precludes accurate i s o k i n e t i c  

sampling and determinat ion o f  vo lumet r i c  f l o w  ra tes .  The i s o k i n e t i c  

sampling problem i s  usua l l y  reso lved by determin ing average v e l o c i t i e s  

us ing ext remely s e n s i t i v e  measuring devices and then sampling a t  t h i s  

average ra te .  Volumetr ic f l ow  r a t e  may be determined i n  a s i m i l a r  

manner. ( I t  i s  u s u a l l y  poss ib le  t o  determine vo lumet r ic  f l o w  r a t e  

more accu ra te l y  by measuring f l o w  on t h e  i n l e t  s i d e  o f  t h e  c o n t r o l  

device. ) 

Of ten they cannot be measured w i t h  

The presence o f  d i l u t i o n  a i r  presents  a t h i r d  and equa l l y  ser ious 

impediment t o  determin ing accurate emission values. To determine i f  

a source complies w i t h  a concent ra t ion  l i m i t a t i o n ,  a c o r r e c t i o n  must 

be made f o r  any d i l u t i o n  a i r  present .  

r a t e  requ i res  knowledge o f  t h e  ac tua l  vo lumet r ic  f l o w  r a t e  a t  t h e  

sampling l o c a t i o n .  

a i r  f l o w  rates.  The d i f f i c u l t y  i n  measuring d i l u t i o n  a i r  may prevent 

o r  a t  l e a s t  w i l l  se r i ous l y  l i m i t  accurate emission measurements. 

To determine a mass emission 

In e i t h e r  case, i t  i s  necessary t o  measure d i l u t i o n  

Due t o  these problems, t h e  accuracy and p r e c i s i o n  w i t h  which the  

mass r a t e  o f  emissions can be determined appears l i m i t e d  and, i n  

fact ,  t h e  c o n f i g u r a t i o n  o f  c e r t a i n  sources t o t a l l y  d e f i e s  representa t ive  

sampling. Because o f  the p o t e n t i a l  cos t  o f  t es t i ng ,  t h e  source and t h e  
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enforcement agency should agree on a spec i f i c  test plan o r  means 

for  determining compliance prior t o  construction of a new source. 

EPA i s  reviewing discharge configurations from control 

devices being sold in  ail attempt t o  improve tes t  procedures. 

As this investigation progresses, cer ta in  c r i t e r i a  can probably be 

specified which will improve the accuracy of tes t ing.  U n t i l  such 

c r i t e r i a  are available,  new plants should be equipped w i t h  exhaust 

systems which will allow representative sampling. 

8. Visible Emissions Standards 

The v is ib le  emissions standards serve three purposes: 

1 .  To assure the capture and control o f  a l l  par t iculate  matter 

emissions from the furnace and i t s  tapping s t a t ion .  

2. 

maintenance and operation of the control device, furnace hoods, 

tapping hoods, and ducting. 

To provide a quick and inexpensive means of enforcing proper 

3. 

handled and not reentrained in the atmosphere. 

To ensure t h a t  d u s t  captured by the control device(s) i s  properly 

c .  Carbon Monoxide Standard 

Enforcement of the CO standard is  easy. An open furnace cannot violate  

the standard since the CO is  burned w i t h  ingested a i r  a t  the surface of the 

charge material. 

107 



The gases exhausted from the control device on a semi-enclosed or  

The exhaust gases sealed furnace contain 50 t o  90 volume percent CO. 

from these furnaces must be f lared prior t o  entering the atmosphere or 

must be used in  other processes. 

D. Emission Moni to r i z  

The proposed standard requires tha t  a photoelectric or  other type 

smoke detector and recorder be in s t a l l ed  to  continuously inionitor and 

record the opacity of gases discharged into the atmosphere from t h e  

control device(s).  

E P A  proposed performance specif icat ions f o r  opacity monitors on 

September 1 1 ,  1974 (39 FR 32852). 

which conform t o  these specif icat ions are  capable of measuring opacity 

within a narrow path 50 or more f e e t  long. Instruments which are 

ins ta l led  and operated in accordance w i t h  the specifications will 

produce re l iab le  opacity data. 

duct can be readily monitored. 

E .  Monitoring of Operations 

Instruments commercially available 

Effluent discharged through a stack o r  

To ensure tha t  the furnace and pollution control systems are being 

operated w i t h i n  design parameters and a t  conditions for  which the 

compliance t e s t s  are  representative,  the following records must be made: 

1. A daily record o f  the product being produced. 

2. 

including the proportions by weight of each consti tuent.  

A dai ly  record of the charge consti tuents t o  the furnace 
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3. 

in megawatts. 

Records of the average power input to the furnace during each cycle, -, 

4. 

identification of material tapped (slag or product). 

Records of the time and duration of each tapping period and the 

In addition, a wattmeter must be installed, calibrated, maintained, and 

operated to continuously monitor and record the power consumption o f  the 

furnace. 
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Under cond i t ions  de f ined i n  sec t i on  111 o f  t h e  C l e a n ' A i r  Act  and 

supplemented i n  560.2 o f  40 CFR 60, an e x i s t i n g  source which i s  mod i f ied  

may become sub jec t  t o  standards o f  performance. 

Mod i f i ca t ions  t o  a f e r r o a l l o y  furnace which cou ld  render  t h e  f a c i l i t y  

subject  t o  standards o f  performance are  changes i n  raw mate r ia l s  which 

fo rce  phys ica l  a l t e r a t i o n s  t o  the  furnace, changes i n  product  grades o r  

" fam i l i es "  which increase emissions, and inc reas ing  the t ransformer capac i ty  

t o  increase product ion (hence emission) ra tes .  These changes are  ways t o  

meet market demands, increase product ion,  o r  respond t o  a v a i l a b i l i t y  of 

raw mate r ia l s  w i thou t  investment o f  the  l a r g e  amount o f  c a p i t a l  necessary 

f o r  an e n t i r e l y  new furnace. 

Any such mod i f i ca t i on  w i l l  r e q u i r e  t h a t  t h e  a i r  p o l l u t i o n  c o n t r o l  

system on an e x i s t i n g  furnace be upgraded t o  meet t h e  standards o f  

performance. 

p h y s i c a l l y  impossible.  

Th is  may be very cos t l y ,  and i n  some cases almost 

Reasons f o r  t h i s  are:  

A. The b u i l d i n g  which houses the  furnace may prevent i n s t a l l a t i o n  

o f  a hood o r  furnace cover because o f  space l i m i t a t i o n s  above 

the  furnace. 

B. P r o h i b i t i v e l y  expensive r e v i s i o n s  o f  e l e c t r i c a l  components may 

be requ i red  t o  i n s t a l l  a hood o r  cover. 

C. I n s t a l l a t i o n  o f  a hood o r  cover may r e q u i r e  changes i n  t h e  

furnace feed d e l i  very  system. 
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0. Extensive changes t o  electrode columns and suspension systems 

might  be required. 

Changes t o  the ferroalloy electric submerged arc furnace t h a t  would 

not  be considered a modification include: 

A .  Changing proportions of the charge materiays t o  the furnace 

if the products are ferroalloys for which the furnace was 

original 1 y designed . 

E. Changes in reducing agents, types of scrap steel ,  or use of 

slags t o  produce ferroalloys for which the furnace was 

originally designed. 

C .  Replacement of carbon hearths, furnace linings, mix chutes, 

furnace covers, hoods, ductwork, replacement of transformers 

i n  kind,  furnace digouts, tap hole repairs, o r  electrode spacing 

adjustments, so long as production capacity was not increased and 

the modifications d i d  not result  i n  changing the furnace capability 

to permit manufacture of products other than those for which  the 

furnace was originally designed. 

The impact of compliance with the standards of performance for  new sources 

will vary depending on the type o f  furnace. 

the open and perhaps even the semi-enclosed furnaces cannot be economically 

altered t o  achieve the standards of performance i f  i t  i s  based on technology or 

emission rates from sealed furnaces. In  such a case i t  would be less expensive 

t o  construct an entirely new faci l i ty .  

I t  i s  generally accepted that 
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A. Open Furnaces 

An e x i s t i n g  open furnace can be s u b s t a n t i a l l y  modi f ied,  upgraded and 

c o n t r o l l e d  f o r  about $3 t o  $5 m i l l f o n .  

would cos t  $15 t o  $20 m i l l i o n .  Obviously,  t h e  economics d i c t a t e  up- 

grading. A mod i f ied  e x i s t i n g  open furnace w i t h  proper c o n t r o l  equip- 

ment can comply w i t h  the  proposed standards o f  performance f o r  a new furnace. 

An equ iva len t  new i n s t a l l a t i o n  

6. Semi-Enclosed Furnaces 

If the cover i s  removed from an e x i s t i n g  semi-enclosed furnace t o  

permit  t h e  manufacture o f  a g rea te r  v a r i e t y  o f  a l l o y s ,  t h e  mod i f i ed  

furnace should become sub jec t  t o  the  standards o f  performance. As w i t h  

the open furnace, a semi-enclosed furnace mod i f ied  i n  t h i s  way probably  

can comply w i t h  t h e  standards i f  proper  c o n t r o l  equipment ,and adequate 

hooding are  used. 

C. Sealed Furnaces 

The p o s s i b i l i t y  o f  a m o d i f i c a t i o n  t o  an e x i s t i n g  sealed furnace i s  

remote s ince  the re  i s  on l y  one i n  the  Un i ted  States.  

imagine a m o d i f i c a t i o n  which would prec lude t h e  a b i l i t y  o f  a sealed 

furnace t o  meet the  standards o f  performance f o r  new sources. 

poss ib le  ( b u t  h i g h l y  improbable) m o d i f i c a t i o n  would be convers ion t o  an 

open furnace. 

product f am i l y  than t h a t  f o r  which it was designed. This very  expensive 

change would a lso  r e q u i r e  s i g n i f i c a n t  a l t e r a t i o n s  t o  the  t ransformer and 

electrodes. 

standard o f  performance. 

I t i s  d i f f i c u l t  t o  

One 

The i n c e n t i v e  would be  t o  permit product ion o f  a d i f f e r e n t  

The modif ied furnace cou ld  be c o n t r o l l e d  t o  meet the proposed 
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X I .  MAJOR I S S U E S  CONSIDERED 

The mandate t o  base t h e  standards o f  performance f o r  f e r r o a l l o y  e l e c t r i c  

submerged a rc  furnaces on the  best  a i r  p o l l u t i o n  con t ro l  technology which 

has been demonstrated and which i s  economical ly v i a b l e  seems c l e a r .  

I n  e f f e c t ,  however, rePercussions from a s tandard which would a l low on ly  sealed 

furnaces cou ld  be f e l t  f a r  beyond the  f e r r o a l l o y  i ndus t r y .  

A standard which r e s t r i c t s  new furnaces t o  the  t o t a l l y  sealed con f igu ra t i on  

could: 

A .  Resul t  i n  m u l t i n a t i o n a l  corporat ions b u i l d i n g  new open furnaces 

ou ts ide  t h e  Un i ted  States where p o l l u t i o n  requirements are l ess  

s t r i n g e n t .  

B. Cause t h e  demise o f  po r t i ons  o f  the  Un i ted  States f e r r o a l l o y  

i n d u s t r y  and p lace the country  i n  the  untenable p o s i t i o n  o f  

dependence on f o r e i g n  sources o f  some s t e e l  add i t i ves  ( f e r r o a l l o y s )  

I /  necessary f o r  defense and consumer goods.- 

The major areas o f  i ssue are tabu la ted  as f o l l o w s :  

A .  Do sealed furnaces represent  demonstrated technology? 

1/ This reason i s  somewhat amel iorated by the  f a c t  t h a t  the  Un i ted  
Stat.s f e r r o a l l o y  i n d u s t r y  must r e l y  on f o r e i g n  sources f o r  some ores 
(such as manganese and chromium ores) .  These f o r e i g n  supp l i e rs  are 
beginning t o  process t h e i r  own ores and may soon s h i p  on l y  t h e  f e r r o a l l o y  
t o  t h e  Un i ted  States market. 
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B. Does use o f  the sealed furnace c rea te  a s a f e t y  hazard? 

C. Does use o f  t h e  sealed furnace p lace t h e  Un i ted  States 

i n d u s t r y  a t  an economic disadvantage i n  the  w o r l d  market? 

A. Issue 1. Does t h e  Sealed Furnace Represent Demonstrated Technoloqy? 

Discuss ion 

Sect ion l l l ( a ) ( l )  o f  t h e  Clean A i r  Act, as amended, s ta tes :  

term 's tandard o f  performance' means a standard f o r  emissions o f  a i r  

p o l l u t a n t s  which r e f l e c t s  t h e  degree o f  emission l i m i t a t i o n  achievable 

through t h e  a p p l i c a t i o n  o f  t h e  b e s t  system o f  emission reduc t i on  which 

( t a k i n g  i n t o  account t h e  cos t  o f  ach iev ing  such reduc t ion)  the  

Admin i s t ra to r  determines has been adequately demonstrated." 

"ava i l ab le  c o n t r o l  technology" i s  f u r t h e r  de f ined i n  e r e p o r t  o f  t h e  

Committee on Pub l i c  Works, Un i ted  States Senate, when a i r  p o l l u t i o n  con- 

t ro l  was s t i l l  a f u n c t i o n  o f  t h e  Department o f  Heal th ,  Education and 

Welfare, as fo l l ows :  'I. . . ' a v a i l a b l e  c o n t r o l  technology, '  i s  intended 

t o  mean t h a t  t h e  Secretary should examine the  degree o f  emission con t ro l  

t h a t  has been o r  can be achieved through t h e  a p p l i c a t i o n  o f  technology 

which i s  a v a i l a b l e  o r  normal ly  can be made ava i l ab le .  

mean t h a t  t h e  technology must be i n  ac tua l  r o u t i n e  use somewhere. 

does mean t h a t  t h e  technology must be  a v a i l a b l e  a t  a cos t  and a t  a t ime 

which the  Secretary  determines t o  be reasonable. 

s i d e r a t i o n  o f  economic f a c t o r s  i n  determining whether technology i s  

' a v a i l a b l e '  should n o t  a f f e c t  t h e  usefulness o f  t h i s  sec t ion .  The 

"The 

The term 

This  does n o t  

I t  

Th is  i m p l i c i t  con- 
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overriding purpose of this sect ion would be t o  prevent new a i r  pollution 

problems, and toward tha t  end, maximum feas ib l e  control of new sources 

a t  the time of t h e i r  construction is seen by the Committee as the most 

effect ive and in  the long run, the l e a s t  expensive approach. I, (47) 

Sealed furnaces have been used i n  foreign countries t o  manufacture 
(481, (49) silicomanganese, ferromanganese and cal icum carbide since about 1954. 

In Japan and Norway, a l l  standard ferromanganese i s  produced i n  sealed 

furnaces. (50) 

sealed furnaces and future plans presume t h a t ,  ultimately, a l l  will be produced 

in them. (50) 
manganese and ferromanganese in Porsgrunn, Noway. ( S I ) ,  (52) 

Almost a l l  silicomanganese produced in Norway i s  made i n  

EPA measured emissions from sealed furnaces producing s i 1  ico- 

Sealed furnaces have been used to  produce ferromanganese, si1 icomanganese 

and calcium carbide in Japan since a t  l e a s t  1962. (53)* (54) The Japanese 

also use sealed furnaces t o  produce 50 percent fe r ros i l icon  (two furnaces 

which have operated since 1968 and 1972 respect ively) ,  75 percent ferro-  

si l icon (one furnace which has operated f o r  2 t o  3 years) ,  ferrochrome 

si l icon (one furnace, operated since 1970), and hign-carbon ferrochrome 

(one furnace, operated since 1971). These a r e  the only sealed furnaces known 

t o  be producing these ferroal loys.  (55) Emission measurements were a l so  

made by EPA on sealed furnaces i n  Japan producing 50 percent fe r ros i l icon ,  

ferrochrome s i l i con ,  and high-carbon ferrochrome. (56) 

Union Carbide of Canada has in s t a l l ed  and i s  operating a large sealed 

furnace f o r  the production of ferromanganese and s i 1  icomanganese, and 
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I n t e r l a k e  Stee l  Corporat ion i s  p lann ing  a s i m i l a r  i n s t a l l a t i o n  i n  Mexico. 

The o n l y  known sealed furnace f o r  t h e  p roduc t i on  o f  ferromanganese and 

silicomanganese i n  t h e  Un i ted  States i s  operated by A i r c o  A l l o y s  and 

Carbide a t  i t s  Theodore, Alabama, p l a n t .  

Conclusions 

F e r r o a l l o y  manufacturers compete i n  t h e  wor ld  market n o t  o n l y  f o r  t h e  

Since sa le  o f  f e r r o a l l o y s ,  b u t  f o r  ores and o t h e r  raw m a t e r i a l s  as w e l l .  

f o r e i g n  producers economical ly make a v a r i e t y  o f  f e r r o a l l o y s  i n  sealed 

furnaces us ing  raw m a t e r i a l s  a l s o  a v a i l a b l e  t o  t h e  Un i ted  States f e r r o a l l o y  

indus t ry ,  i t  must be concluded t h a t  use o f  sealed furnaces i s  t e c h n i c a l l y  

f e a s i b l e  i n  t h e  Un i ted  States and t h a t  sealed furnaces a r e  "demonstrated 

technology. " 

B. Issue 2. Does t h e  Use of Sealed Furnaces Present a Safety  Hazard? 

The Un i ted  States f e r r o a l l o y  i n d u s t r y  has s ta ted  t h a t  sealed furnaces a r e  

unsafe f o r  t h e  f o l l o w i n g  reasons: (571, (58) 

1. Fusion o r  bonding together  o f  t h e  raw m a t e r i a l  charge i s  

c h a r a c t e r i s t i c  o f  p roduc t ion  processes f o r  75 percent f e r r o s i l i c o n  

and s i l i c o n  meta l .  S i m i l a r  behavior,  bu t  t o  a l e s s e r  degree, can 

occur i n  t h e  produc t ion  o f  t h e  h i g h - s i l i c o n  grades o f  ferrochrome 

s i l i c o n  and silicomanganese. 

sub jec t  t o  " s lag  b o i l s "  where t h e  charge m a t e r i a l s  become crus ted  

over  w i t h  s l a g  which prevents un i fo rm descent o f  t h e  feed m a t e r i a l  

Silicomanganese opera t ions  may be 



w i t h i n  the furnace. Such fusion o r  crusting of materials requires 

the use of open furnaces t o  permit the charge t o  be "stoked" t o  

al low i t s  uniform descent and u n i f o n  evolution of gas f o n e d  by 

the reduction of the ores. 

2 .  Moisture from water in the charge o r  from water leaks i n  furnace 

components can r e su l t  i n  an explosive-type gas release which  may 

l i f t  the furnace cover and e j e c t  a major portion of the furnace 

contents. 

3. Production of high-silicon fe r ros i l icon  and s i l icon metal i s  

characterized by high-temperature gas "blows," generally i n  the 

v ic in i ty  of the electrodes. J e t s  of hot gas or iginate  d i r ec t ly  

from the high-temperature zones of the furnace near the bottom of 

the electrodes. Hot as  a cut t ing torch, they can destroy furnace 

components. 

4. Scrap s tee l  i s  normally used f o r  the domestic production of 

ferrosi l icon alloys.  Such a highly conductive raw material 

can short out the electrodes through the charge chutes, causing 

component damage and water leaks i f  sealed furnaces a re  used. 

5. The sealed furnaces generate carbon monoxide. a hazard to  personnel. 

In open furnaces, the carbon monoxide i s  combusted t o  carbon dioxide 

w i t h  ingested a i r  a t  the hot surface of the charge material .  
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Discuss% 

The preceding items were i nves t i ga ted  du r ing  the development of standards 

o f  performance f o r  the  i n d u s t r y  w i t h  r e s u l t s  as fo l lows:  

1. The problems o f  s l a g  b o i l s  and c r u s t i n g  o r  b r i d g i n g  o f  t h e  furnace 

charge cons t i t uen ts  a re  more commonly associated w i t h  p roduc t ion  

o f  t h e  h i g h - s i l i c o n  (> 75 percent )  f e r r o a l l o y s .  

are no longer  considered ser ious f o r  the  product ion o f  ca lc ium 

carbide, ferromanganese, and sil icomanganese i n  sealed 

These problems 

furnaces. (59)s (60 ) '  ( 6 1 ) y  (62)  "Enclosed furnaces are  be ing  

used i n c r e a s i n g l y  where r a w  m a t e r i a l s  do no t  c o l l e c t  t o  b u i l d  

b r idges  w i t h i n  t h e  furnace, bu t  i ns tead  s i n k  evenly  o f  t h e i r  own 

accord. Examples i nc lude  t h e  produc t ion  o f  p i g  i ron ,  carbide, 

and the  f e r r o a l l o y s  ferromanganese and silicomanganese. ii(63) 

I n  a meet ing w i t h  EPA engineers, a rep resen ta t i ve  o f  one major 

f e r r o a l l o y  producer i n  the Un i ted  States s t a t e d  t h a t  p roper l y  

operated sealed furnaces producing ferromanganese, silicomanganese, 

and ca lc ium carb ide are no more dangerous than equ iva len t  open 

furnaces producing these products.  

2. EPA engineers discussed w i t h  personnel of f o r e i g n  p lan ts  t h e  

danger o f  explos ions from water conta ined i n  t h e  feed o r  from 

water  leaks.  Fore ign i ndus t r y  personnel s t a t e  t h a t  they  f e e l  

safe working around a sealed furnace and that work ing cond i t ions  
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are  vastly improved by them. (64)9 (65) 

f a t a l i t i e s  a r e  n o t  unique t o  sealed furnaces; in jur ies  and 

f a t a l i t i e s  have a l so  been caused by expulsion of the charge 

from open furnaces during gas "blows. 

They elaborated tha t  

(66) 

Explosions d i d  occur d u r i n g  ear ly  development of sealed furnace 

technology, b u t  t h i s  type of hazard has been overcome w i t h  increased 

knowledge of the operation and design of closed furnaces. Such 

a. Where necessary, proper pretreatment of furnace charge materials. 

b. Proper design of the furnace and i t s  charging system. 

c. Proper monitoring of the process. This may involve monitoring: 

(1) furnace feed and product ra tes ;  ( 2 )  chemical compositions 

of furnace feed, product and slag; (3) furnace temperatures; 

(4)  moisture content of charge material; (5) furnace power 

consumption; (6)  furnace off-gas chemical composition, and 

possibly other furnace operating parameters. 

3. I t  i s  generally agreed t h a t  the technology has no t  been developed 

t o  produce s i l icon metal and fe r ros i l icon  which contains greater 

than 75 percent s i l icon i n  sealed furnaces. However, a Japanese 

manufacturer of e l ec t r i c  submerged arc  furnaces predicts t ha t  s i l icon 
metal will be produced i n  sealed furnaces by 1977. (73) 
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4. Scrap s t e e l  i s  normal ly  used by t h e  Un i ted  States i n d u s t r y  f o r  

t h e  open furnace product ion of f e r r o s i l i c o n  a l l o y s .  Union Carbide 

i s  us ing  a semi-enclosed furnace w i t h  s t e e l  scrap feed t o  produce 

50 percent  f e r r o s i l i c o n .  

The Japanese use p e l l e t i z e d  i r o n  ore  as a feed ma te r ia l  t o  t h e i r  

sealed furnaces producing 50 percent  f e r r o s i l i c o n  and " m i l l  sca le"  

t o  the  sealed furnace producing 75 percent  f e r r o s i l i c o n .  They s t a t e  

t h a t  a reason f o r  t h i s  i s  t h a t  l a r g e  q u a n t i t i e s  o f  h i g h - q u a l i t y  

s t e e l  scrap a r e  n o t  a v a i l a b l e  and economics j u s t i f i e s  use o f  t h e  

i r o n  ore.  

One reason g iven by the Un i ted  States i n d u s t r y  f o r  i n a b i l i t y  t o  

use scrap s t e e l  i n  a sealed furnace (a l though i t  i s  used i n  t h e  

semi-enclosed furnace)  i s  t h a t  i t  can conduct e l e c t r i c i t y  f rom t h e  

e lec t rodes  t o  t h e  mix d e l i v e r y  b i n s  and cause a rc ing  which cou ld  

severe ly  damage furnace components. 

5. Foreign p lan ts  w i t h  sealed furnaces use CO alarm 

systems, proper  b u i l d i n g  v e n t i l a t i o n  and proper maintenance o f  

t h e  CO hand l ing  system t o  min imize hazards o f  t h i s  gas. Semi- 

enclosed furnaces, which present  the  same CO hazards, have been 

used f o r  years by the  Un i ted  Sta tes  i ndus t r y .  Obviously, t h e  

methods f o r  s a f e l y  handl ing CO gas a r e  proven. 
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Conclusions 

The following conclusions a re  made regarding the safe ty  aspects of 

ferroalloy production in sealed furnaces: 

1 .  Sealed furnaces f o r  the production of silicomanganese, ferro-  

manganese, and calcium carbide have been used i n  foreign countries 

for over 20 years. 

sealed furnaces for the manufacture of those products appear t o  be mom 

dangerous than open furnaces. 

When properly monitored, operated, and maintained, 

2. There i s  no known technology f o r  the production of fe r ros i l icon  

with greater  than 75 percent s i l i con  i n  sealed furnaces. 

3. Production of 50 percent fe r ros i l icon  i n  sealed furnaces i s  being 

safely accomplished in  Japan with iron ores a s  a feed material .  

Although no known use of scrap steel a s  feed material t o  a sealed 

furnace e x i s t s ,  i t  does appear technical ly  possible. 

4. The safe  handling of carbon monoxide gas has been accomplished by 

the domestic and foreign fe r roa l loy  industr ies .  

5. The Japanese a re  a lso safe ly  us ing  sealed furnaces a s  follows: 

a. One has produced 75 percent fe r ros i l icon  since about September 

1971. 

b. One has produced high-carbon ferrochrome since 1971. 
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c. One has produced ferrochrome si'licon since June 1970. 

These are the only known sealed furnaces producing these products. 

6 .  The safe production of ferromanganese, si1 icomnganese and calcium 

carbide in sealed furnaces has been demonstrated. A standard for 

these products could be recommended based on the sealed furnace. 

Recomnendat ions 

Since the safe production of 50 percent ferrosil icon has been demonstrated 

only when using iron ore feed, and since only one sealed furnace each exists 

to produce 75 percent ferrosil icon, ferrochrome silicon, and high-carbon 

ierrochrome, standards for these products should be based on open furnaces. 

Standards for these products should be reviewed as additional experience 

with sealed furnaces 1s accumulated. 

C. Issue 3. Would a Regulation That Mandates Sealed Furnaces Place the 
United States Industry at an Economic Disadvantage in the 
'World Market? 

The United States ferroalloy industry has stated that successful sealed 

furnace technology and economics in foreign countries cannot be directly 
extrapolated to the domestic industry for the following reasons: (741, (75) 

1. Sealed furnace operation requires extensive pretreatment of raw 

material. This may include sintering or pelletizing. 
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2. Foreign producers have opera t ing  schedules and p rac t i ces  which 

a l l o w  g rea te r  furnace downtime f o r  maintenance. 

3. The o n l y  known sealed furnaces producing 50 percent f e r r o s i l i c o n  

use i r o n  o re  ins tead o f  scrap s tee l .  

the  Un i ted  States where s t e e l  scrap i s  abundant and cheap. 

T h i s  i s  n o t  economical i n  

4. A sealed furnace i s  r e s t r i c t e d  t o  p roduc t ion  o f  one “ f a m i l y ”  o f  

products. 

t h e  Un i ted  States i n d u s t r y  must ma in ta in  t h e  f l e x i b i l i t y  t o  produce 

a v a r i e t y  o f  products requ i red  by r a p i d l y  changing wor ld  demands. 

Unless a l a r g e  cap t i ve  market f o r  t h a t  f a m i l y  ex i s t s ,  

Discussion 

1. Pretreatment o f  raw mate r ia l s .  

Almost a l l  f e r r o a l l o y  producers p r e t r e a t  t h e i r  raw m a t e r i a l s  i n  

some way t o  ob ta in  smooth furnace opera t ion  and the  des i red  q u a l i t y  

o f  the  product.  (76)’ ( 7 7 ) s  (78)  

s iz ing ,  mixing, dry ing,  s i n t e r i n g ,  and p e l l e t i z i n g .  

o f  raw m a t e r i a l s  a re  performed a t  n e a r l y  a l l  f e r r o a l l o y  p l a n t s  and f o r  

a l l  types o f  furnaces. Raw m a t e r i a l s  a r e  a l s o  mixed a t  n e a r l y  a l l  

f e r r o a l l o y  p lan ts ,  regard less  o f  the  furnace type, t o  meet product 

s p e c i f i c a t i o n s  and t o  ob ta in  t h e  composition, phys ica l  p roper t ies ,  

and (sometimes) mois ture content  des i rab le  f o r  safe, smooth furnace 

operat ion.  ( 7 9 ) y  (82) Raw m a t e r i a l s  a r e  o f t e n  d r i e d  f o r  a l l  

t h ree  types o f  furnaces. 

Pretreatment processes i nc lude  crushing, 

Crushing and s i z i n g  

Dry feed m a t e r i a l s  r e s u l t  i n  reduced o f f -gas  

125 



volumes and smoother furnace operation. 

less comnon pretreatment processes. 

with any type of furnace, but are most comnonly used with foreign sealed 

furnaces, 

expensive or friable ores which could not otherwise be used in ferroalloy 

furnaces because of 'bridging (i . e . ,  charge material fusing to prevent 

uniform descent of charge into a furnace's reaction zone), high raw 

material losses caused by its entrainment in the furnace gases, and 

low porosity which would prevent escape of gases from the reaction zone. 

Also, by pelletizing or sintering dust captured by the air pollution 

control system, it can be recycled as feed to the furnace. 

Sintering and pelletizing are 

These could be used in conjunction 

Both pelletizing and sintering are means of upgrading less 

Ferromanganese and si1 icomanganese are produced in sealed furnaces 

without drying, sintering, or pelletizing raw materials. 

were observed in Norway and Belgium by EPA engineers and a representative 

of The Ferroalloys Association. (83)* (84) 

process and measured emissions from two of these furnaces in Norway, 

one producing si1 icomanganese and the other producing ferromanganese. 

A sealed furnace in the United States has produced ferromanganese and 

silicomanganese without extensive material pretreatment. EPA engineers 

observed sealed furnaces producing these products in Japan. 

drying, sintering, and pelletizing as pretreatment processes, while 

others only performed routine mixing, crushing, and sizing. 

Such furnaces 

EPA engineers monitored the 

Some used 
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The Japanese sealed furnace producing high-carbon ferrochrome uses 

materials which a re  dried,  crushed, pel le t ized,  dry roasted, and then 

" h o t  charged" a t  900°C t o  the furnace. 

may be either "prereduced" (provided coke i s  added t o  the ore before 

pel le t iz ing)  o r  not. Cheaper f r i a b l e  ores a re  used in t h i s  furnace. 

Pe l le t s  charged t o  the furnace 

Pretreatment for the Japanese sealed furnace producing ferrochrome 

si l icon consis ts  of material s iz ing and drying. No special pretreatment 

of  charge materials i s  performed f o r  the Japanese sealed furnace producing 

75 percent fe r ros i l icon .  Fine iron ore i s  pel le t ized and baked i n  a shaf t  

furnace prior t o  being fed t o  the sealed furnaces producing 50 percent 

fe r ros i l  icon. 

A l t h o u g h  some sealed furnaces may be used w i t h o u t  pretreatment 

processes such as drying, pe l le t iz ing ,  o r  s in te r ing ,  several reasons 

may favor such preprocessing: 

a. Even w i t h  the added cos t  of preprocessing, cheap and abundant 

fine-sized o r  f r i a b l e  ores may be l e s s  expensive than the 

r e l a t ive ly  expensive lump ore. 

become more common as world supplies of high-grade "lump" ores 

(Use of f r i a b l e  ores may 

(87), (88) b. Preprocessing ores increases the product yield.  

c. Twenty t o  35 percent o f  the energy supplied t o  a closed furnace 

can be recovered by fuel ing preprocessing equipment such a s  
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dryers,  p e l l e t  furnaces, and s i n t e r i n g  machines w i t h  carbon 

monoxide-rich exhaust gas f rom t h e  furnace. (89) 

d. Preprocessing may decrease furnace power consumption by as 

much as 10 percent. (901, (911, (92) 

e. One preprocessing s tep ,  s i n t e r i n g ,  may reduce coke consumption 

and increase furnace thermal e f f i c i e n c y .  (93) 

(93), (94) 
f. 

g. Preprocessing equipment permi ts  recyc le  o f  p a r t i c u l a t e  mat te r  

Preprocessing reduces furnace p a r t i c u l a t e  emissions. 

c o l l e c t e d  by  emission c o n t r o l  equipment. (951, (96) (For a 

c losed furnace producing ferromanganese, some 21.2 tons o f  

p a r t i c u l a t e  may be recovered and recyc led  f o r  every 100 tons 

o f  a l l o y  produced.) (96) 

2. Foreign opera t ing  p rac t i ces  a l l o w  more furnace down-time. 

Personnel a t  f o re ign  i n s t a l l a t i o n s  who have experience w i t h  a l l  

t h ree  types o f  furnaces s t a t e  t h a t  maintenance requirements a r e  no 

g rea te r  f o r  sealed furnaces than f o r  o the r  types o f  comparable 

s i ze . (97 ) '  ( 9 8 ) 9  

gases above open furnaces, there  has been, throughout the  years,  

a tendency towards more down-time on these furnaces than on covered 

"Due t o  t h e  heat f rom t h e  burn ing  r e a c t i o n  

,I (100) ones, i n  s p i t e  o f  the  l a t t e r ' s  more compl icated equipment. 

Operat ing schedules and p r a c t i c e s  f o r  i n s t a l l a t i o n s  i n  fo re ign  

coun t r i es  do n o t  appear t o  a l l ow  any q rea te r  furnace down-time f o r  
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maintenance and repair than that experienced at United States 

Installations. 

tested by EPA in Norway operate 97 to 98 percent of the time for the 

ferromanganese furnace, and 96.2 to 98.2 percent of the time for the 

si1 icomanganese furnace. (lo’ ) 

estimate that sealed furnaces producing ferromanganese, si1 icomanganese, 

high-carbon ferrochrome, and ferrochrome si1 icon operate from 95 to almost 

Company personnel estimate that the sealed furnaces 

Japanese ferroal loy manufacturers 

100 percent of the time based on their experience to date. (lo2) The 

United States ferroalloy industry estimates that normal furnace operating 

tlmes in the United States vary from 90 to 9 5  percent. A large percentage 

of furnace down-time i s  for maintenance of air pollution control equipment 

common to all three types of furnaces. (lo3) 

larger air pollution control equipment on open furnaces should far 

exceed that for similar equlpment on totally enclosed furnaces, 

primarily because the open-furnace equipment must handle gas volumes 

typically 50 times larger. 

Maintenance for the much 

3. Sealed furnaces producing 50 percent ferrosilicon are charged with 
Iron ore. Use of ore is not economical in the United States. 

The two known sealed furnaces which produce 50 percent ferrosilicon 

(located in Japan) use iron ore as a feed material instead of the scrap 

steel feed normally used by the United States industry. The United States 

ferroalloy industry used about 270,000 tons of scrap steel for the 

production of 50 percent ferrosilicon and about 500,000 tons of scrap 

steel for the production of all grades of ferrosilicon in 1972. 

reasons for using steel scrap rather than iron ore are as follows: 

Their 
(104) 
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a .  Steel scrap turnings have historically been abundant and low 

priced. 

ferrosilicon production. ) 

(They are the lowest cost iron sources for United States 

b .  The use of steel scrap results i n  less electrical energy and 

coke consumption t h a n  i f  iron ore or mill scale were used. 

C .  Because of decreased charge resistance, furnace production 

capacity i s  greater w i t h  steel scrap t h a n  w i t h  iron ore or 

mill scale. T h i s  increased capacity i s  equivalent t o  about 

60,000 tons per year of 50 percent ferrosilicon which has 

a value of about $9,600,000. 

d .  The type of scrap steel used for  ferroalloy production i s  

not  suitable for recycling to  new steel and ,  i f  not used 

for ferroalloys, would add t o  the  s o l i d  waste disposal problem. 

e. Delivered price i s  high for the select grades of iron ore 

required to produce 50 percent ferrosilicon. 

In discussions w i t h  Japanese ferroalloy producers, EPA engineers 

asked i f  use of the sealed furnace for producing 50 percent ferrosilicon 

would preclude the use of scrap metal and how the use of iron ore affected 

the economics of product ion.  They answered t h a t  the use of iron ore i n  

a sealed furnace i s  economically better than the use of scrap steel and 

(105) t h a t  th is  i s  true i n  the United States as well as Japan because: 

130 



a .  Japan has to  import iron ores while the United States has 

natural iron ore resources. 

b. Iron ore assures a more stable furnace operation. 

. c. Iron ore provides easier control against product impurities 

i n  production of 50 percent ferrosilicon compared t o  scrap 

Although no unequivocal conclusion can be drawn from the above, i t  

appears that  scrap steel has the economic advantage as a raw material 

for 50 percent ferrosilicon production i n  the United States. 

4 .  Sealed furnaces do not  have the f lexibi l i ty  necessary to  produce 
a variety of products. 

Manufacturers of ferroal loy products and manufacturers of ESA 

furnaces stated the following: 

a. For a given furnace design, only certain products can be 

economically manufactured, regardless o f  whether the furnace 

construction is the open o r  totally enclosed type. 

economical to  design and use a large ESA ferroalloy furnace for 

several product lines. To do so requires movable electrodes and 

multiple transformer capacities, since combinations of raw 

materials differ i n  resist ivity for different ferroalloy products. 

Consequently, crucible size, electrode spacing, and transformer 

size are a function of the product being manufactured. Therefore, 

I t  i s  no t  
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t o  minimize capi ta l  investment in  the transformer, t o  reduce 

down-time f o r  changeover (moving electrodes,  etc. ), t o  reduce 

waste produced by a furnace, and t o  optimize furnace efficiency, 

companies design furnaces f o r  manufacture o f  only one family 

of products. 

products i n  a t o t a l l y  enclosed furnace just a s  readi ly  a s  in 

an open furnace. 

products, however, the furnace must undergo substant ia l  re- 

construction f o r  changing the electrode spacings. On a sealed 

furnace this change requires replacement of the furnace cover. 

This reconstruction o f  sealed furnaces to  produce other products 

i s  prohibi t ively expensive. 

produce another family of products requires replacement of the 

hood. 

f o r  open furnaces i s  s ign i f i can t ly  less  than those for  sealed 

furnaces. 

i n  decreased intercorporate competition. 

Within those famil ies ,  i t  i s  possible t o  switch 

For products outside of the design family of 

Modification of an open furnace t o  

The costs for  changing from one product family t o  another 

Limited product f l  exibi 1 i ty could ultimately resul t 

b. In order t o  remain competitive, manufacturers of 

ferroal loy products a re  converting t o  use of larger  

furnaces. (107)’ (’08)’ (109)’ (110) New fer roa l loy  furnaces 

will probably be 30 Mw or l a rge r  because large furnaces require 

less labor ,  l e s s  raw material and l e s s  e l e c t r i c  power per ton  

of product. 

a lower capi ta l  investment per ton of production. 

In most cases ,  the  large furnace a l so  requires 
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Conclusions 

Based on the  i n fo rma t ion  a v a i l a b l e ,  t h e  f o l l o w i n g  conclus ions are  made: 

1. a. Ferromanganese and sll icomanganese can be s a f e l y  and economical ly 

produced i n  sealed furnaces w i t h  o r  w i t h o u t  subs tan t i a l  pre-  

t reatment  o f  feed m a t e r i a l .  

I 

t b. Calcium carb ide  can be s a f e l y  produced i n  sealed furnaces w i thou t  

a d d i t i o n a l  pret reatment  beyond t h a t  a l ready  performed by domestic 

producers. 

c. For products  o the r  than those l i s t e d  i n  (a)  and (b )  above, 

fo re ign  manufacturers use vary ing  l e v e l s  o f  feed pretreatment,  

bu t  can s a f e l y  and economical ly produce 50 percent f e r r o s i l i c o n ,  

75 percent  f e r r o s i l i c o n ,  high-carbon ferrochrone, and f e r r o -  

chrome s i l i c o n  i n  sealed furnaces. 

2. The argument t h a t  maintenance requ i  rernents and opera t ing  schedules 

of f o re ign  manufacturers are s i g n i f i c a n t l y  d i f f e r e n t  f rom those o f  

domestic users seems unfounded. 

There appear t o  be several  economic advantages f o r  t h e  Un i ted  States 

i ndus t r y  t o  use s t e e l  scrap rather than i r o n  o r e  f o r  t h e  produc t ion  

o f  f e r r o s i  1 icon.  

It appears t h a t  the  use o f  sealed furnaces would p lace  t h e  

domestic i n d u s t r y  a t  a compet i t i ve  disadvantage i n  the  wor ld  

market by r e s t r i c t i n g  t h e  f l e x i b i l i t y  o f  new furnaces t o  respond 

t o  f l u c t u a t i n g  market demands. 

3. 

4. 
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Recommendations 

I t  i s  recommended t h a t  the standards of performance allow open 

furnaces to  be used i n  conjunction with the best avai lable  control 

equipment. 

control aspect ,  r e s t r i c t i n g  the industry t o  th i s  process could ultimately 

r e s u l t  in  l imited product f l e x i b i l i t y  and possible decreased intercorporate 

competition. 

weigh the incremental benefits of the additional reduction in a i r  

pollution. EPA’s Control Systems Laboratory i s  fur ther  investigating the 

technical and economic f e a s i b i l i t y  of using sealed furnaces t o  produce a l l  

types o f  ferroal loys.  This study could ult imately r e su l t  in standards of 

performance based on  sealed furnaces. 

Although sealed furnaces a re  superior from an a i r  pollution 

The disadvantages a r i s ing  from decreased competition out- 
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INTRODUCTION 

This report summarizes the source test results and visible 

emission measurements cited i n  Background Information for Standards 

of Performance: Electric Submerged Arc Furnaces for Production of 

Ferroalloys, Volume 1 ,  Proposed Standards. 

the tested facilities (their operating conditions, characteristics 

of the exhaust gas streams, and deviations from prescribed test 

procedures) and summarizes the results of the particulate matter and 

carbon monoxide tests. 

This volume describes 

Facilities are identified by the same coding used in Volume 1. 

For example, Table 1 summarizes results of the August 1972 tests of 

an electric submerged arc furnace producing ferromanganese, Facility 

Al. These same results are also plotted as Furnace A1 in Figure VI-1 

of Volume 1. 

Many of the tests summarized herein were conducted using EPA 

Reference Method 5 for determination of particulate matter from 

stationary sources. In these cases, additional measurements were 

made to evaluate materials that condense and are collected in the 

impingers as the gases are cooled. 

filter catch" is the particulate emission measurement used i n  the 

figures in Volume 1 ,  and is the basis of the standard. The "total 

catch" includes the probe and filter catch plus material collected 

In the summaries, the "probe and 

i n  the impingers. 

Note: Any reference i n  this report to commercial products by name 
does not constitute an endorsement of the product by the Environmental 
Protection Agency. 
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The other known t e s t  method used, the Japanese Industrial  Standard 

Part iculate  matter i s  collected test method, does not use impingers.* 

on a f i l t e r  having a collection eff ic iency of 99 percent. 

the par t icu la te  catch i s  analogous t o  the "probe and f i l t e r  catch" of 

EPA Reference Method 5. 

I n  t h i s  sense, 

*Japanese Industrial  Standards Association, "Methods o f  Measuring 
Dust Content in  Stack Gas," JIS 2 8808-1970. 
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Summary o f  Test Data 

A program was undertaken by EPA t o  evaluate the bes t  p a r t i d l a t e  

mat ter  con t ro l  techniques ava i l ab le  f o r  c o n t r o l l i n g  emissions from e l e c t r i c  

submerged a rc  (ESA) furnaces producing f e r r o a l  l oys  and ca lc ium carb ide. '  

The data obtained serve as the bas is  f o r  standards o f  performance f o r  

f e r r o a l l o y  furnaces being proposed under s e c t i o n  111 o f  t h e  Clean A i r  

Act  as amended. 

tes ted  us ing EPA Method 5 f o r  de terminat ion  o f  p a r t i c u l a t e  mat ter .  These 

data are supported by repor ted emission data f rom seven add i t i ona l  e l e c t r i c  

submerged a rc  furnace f a c i l i t i e s .  

two add i t i ona l  ESA furnaces w i t h  a i r  p o l l u t i o n  c o n t r o l .  Add i t iona l  back- 

ground in fo rma t ion  was a v a i l a b l e  from the  EPA-TFA j o i n g  study o f  atmos- 

pher ic  emissions from the f e r r o a l l o y  i ndus t r y .  

Fourteen ESA furnaces w i t h  a i r  p o l l u t i o n  con t ro l  were 

V i s i b l e  emission data were obtained f o r  

Of the  four teen c o n t r o l l e d  furnaces tes ted  us ing Method 5, seven 

! were open furnaces, two were semi-enclosed, and f i v e  were sealed. 

o f  c o n t r o l  systems were used on these furnaces. 

producers represent  emissions from wet scrubber o r  wet scrubber 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  con t ro l  systems. 

A v a r i e t y  

Data repor ted by f e r r o a l l o y  

I 
i 
I 

I 
A l l  data are graphed f o r  v i sua l  comparison i n  Figures 1 through 6. 

Descr ip t ion  o f  F a c i l i t i e s  

A1 . Sealed e l e c t r i c  submerged a rc  furnace producing ferromanganese, 

' 30 MW design capaci ty ,  equipped w i t h  two i d e n t i c a l ,  p a r a l l e l ,  three-stage 
I 



Warkaus venturi systems. Only one of the parallel venturi systems was 

operated d u r i n g  th i s  t e s t  se r ies .  

approximately 225 gallons per minute. 

Water flowrate t o  the venturi was 

Water was not recirculated t o  the 

scrubber. No fan i s  used for  the venturi system. Aspiration of gases 

i s  provided by water injection a t  the venturi. 

input during the t e s t  periods was 26 Fw. 

w i t h  the single exception t h a t  the probe was not heated. 

Average furnace power 

Tested by EPA using Method 5 

A2. Sealed e l e c t r i c  submerged arc  furnace producing ferromanganese. 

This i s  the same f a c i l i t y  as A1 except t e s t s  were performed w i t h  both the 

para1 le1 venturi systems operating. Average furnace power input during 

the t e s t  periods was 27 MW.  

exception tha t  the probe was not  heated. 

Tested by €PA using Method 5 with the single 

B. Sealed e lec t r i  c submerged arc  furnace, producing si 1 i comanganese, 

27 MW design capacity, equipped with a venturi type gas conditioner 

followed by a se r ies  venturi scrubber. The gas conditioning venturi 

operated a t  about two inches of water pressure d rop .  

venturi operated a t  a pressure drop of approximately 50 inches of water. 

River water was used fo r  the scrubbers a n d  was n o t  recirculated. Combined 

water flowrate t o  both venturis was estimated as 355 gallons per minute. 

Average furnace power input d u r i n g  the t e s t  periods was 23 MW. Tested 

by EPA using Method 5 with the s ingle  exception that  the probe was not 

heated. 

Tne second ( se r i e s )  

C. Semi-enclosed e l e c t r i c  submerged arc furnace producing calcium 

carbide, 24 i-44 design capacity, equipped with a Buffalo Forge centrifugal 

4 



type scrubber. 

Average furnace power i n p u t  du r ing  the t e s t  per iods was 23.8 MW. 

Tested by EPA us ing Method 5 w i t h  the except ion t h a t  sampling 

was performed a t  on ly  one p o i n t  (s tack center) .  

annular spaces around the  e lect rodes are captured by secondary hoods and 

emi t ted uncont ro l led  t o  the atmosphere. 

us ing EPA Method 5 except t h a t  sampling times were l ess  than 

two hours. 

uncont ro l led  t o  the atmosphere. 

EPA Method 5 except t h a t  on l y  one t raverse  d i r e c t i o n  was used 

and sampling time was less  than 2 hours. 

Scrubber water  f l owra te  was 450 gal lons per  minute. 

Fumes emi t ted  from the 

These emissions were measured 

Tapping fumes are a l so  captured i n  a hood t o  be emi t ted  

The tapping fumes were measured us ing 

I). Sealed e l e c t r i c  submerged a rc  furnace producing ferromanganese, 

25 MW design capaci ty,  equipped w i t h  two i d e n t i c a l  p a r a l l e l  ven tu r i  

systems fo l lowed by a common se r ies  25,000 k i l o v o l t  wet 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 ;  I One o f  the two p a r a l l e l  ven tu r i  systems i s  normal ly 

operated wh i l e  the o the r  i s  used as a standby system. Each o f  t h e  

p a r a l l e l  ven tur i  systems cons is ts  o f  a pr imary and secondary ven tu r i  

scrubber i n  ser ies .  Pressure drop across each ven tu r i  i s  approximately 

10 inches o f  water and water  f l o w r a t e  t o  each ven tu r i  i s  160 gal lpns per  

minute. Water f l owra te  t o  the  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  i s  160 ga l lons  

per  minute. 

t e s t  method. 

:. 

Tested by the  company k i n g  the  Japanese I n d u s t r i a l  Standard 

E. Sealed e l e c t r i c  submerged arc  furnace producing ferromanganese. 

The a i r  p o l l u t i o n  c o n t r o l  system Average furnace power i n p u t  i s  25 MW. 

cons is ts  o f  s i x  p a r a l l e l  s h a f t  k i l n s  each fo l lowed by a ser ies  ven tu r i  

5 
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scrubber which then manifold the gas stream i n  common t o  se r ies  Thiesen 

scrubber followed by a se r i e s  demister. 

i s  approximately 12  inches o f  water. 

Japanese Industrial  Standard t e s t  method. 

Pressure drop across each venturi 

Tested by the company using the 

F. Sealed e l e c t r i c  submerged a r c  furnace producing s i  licomanganese. 

Average furnace power input i s  29 MW. .The a i r  pollution contSol system 

and t e s t  method are identical  t o  those f o r  furnace E .  
.I 

G. Closed t o p  e l e c t r i c  submerged arc  furnace fo r  the production of 

45 percent ferrosi l icon.  

pollution control system consists of a w4t inclined duc t ,  a scrubber, and 

an atomizing pipe with a 3.5 inch diameter throat. 

flowrate is  185 gallons per minute a t  a system pressure drop of 80 inches 

of water. Test method i s  unknown. 

Calculated furnace s i z e  i s  1 7  MW.* The a i r  

Total system water 

H.  Sealed e l e c t r i c  submerged a r c  furnace for the production of 75 

percent ferrosi l icon.  Average furnace power input i s  12  MW. 

i s  equipped .with two paral le l  venturi scrubbers followed by a common 

ser ies  mist eliminator. 

per minute. and the pressure drop across each venturi i s  approximately 12  

inches of water. 

Standard test method. 

The furnace 

Total water flowrate i s  approximately 500 gallons 

Tested by the company using the Japanese Industrial  

Wobryakov, G.  G . ,  Serebryakov, M. Z . ,  and Rychkov, V .  P., "Operation 
of a Gas Cleaning System on a Closed Top Elec t r ic  Furnace," Steel in the 
U.S.S.R., Page 2 ,  May, 1971. 
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I 
I .  Sealed e l e c t r i c  submerged arc  furnace for  the production of 

The furnace i s  designed for  operation a t  26 MW, ferrochrome s i l icon .  

and i s  equipped with two ser ies  venturi scrubbers followed by a mist 

eliminator. Total pressure d rop  across b o t h  venturi scrubbers i s  approxi- 

mately 58 inches of water. T o t a l  water flowrate t o  both venturi 

scrubbers i s  approximately 400 gallons per minute. 

using the Japanese Industrial Standard t e s t  method. 

1 I 

1 
l 

Tested by the company 

J .  Sealed e l e c t r i c  submerged arc furnace f o r  the production o f  50 

percent ferrosi l icon.  

and i s  equipped with two ser ies  venturi scrubbers followed by a ser ies  mist 

eliminator and a se r ies  wet e l ec t ros t a t i c  precipi ta tor .  

each venturi and t o  the e l ec t ros t a t i c  precipi ta tor  i s  approximately 100 

gallons per minute. Pressure drops across the f i r s t  and second venturi 

are approximately 12  and 24 inches of water, respectively. 

company using the Japanese Industrial Standard t e s t  method. 

The furnace i s  designed f o r  operation a t  25 MW, 

Water flowrate t o  

Tested by the 

K. Sealed e l e c t r i c  submerged arc furnace producing 50 percent 

ferrosi  icon. The furnace i s  designed t o  operate a t  42 MW. During 

testing the furnace operated a t  an average of 31 MW. 

control system i s  the same type as for  furnace J .  

Method 5 with the exception tha t  only the f i l t e r  Was heated. 

The a i r  pol1,ution 

Tested by EPA'using 

L 1 .  Open e l e c t r i c  submerged arc furnace producing silicomanganese. 

The a i r  pollution con- Furnace load during the t e s t s  averaged 25.1 MW. 

t ro l  system consists o f  a hood and two paral le l  venturi scrubbers 

7 



exhausting to  a s ingle  stack. 

gauge. 

supplied t o  each scrubber. Tested by E P A  using Method 5 

except t ha t  sampling was done only on one stack diameter and two of 18 

traverse points could n o t  be reached by the probe. 

Venturi pressure drop  was 57 inches water 

Between 1160 and 1260 gallons per minute of scrubber water was 

L2. The same furnace and t e s t  method as in  L 1  above. Scrubber 

pressure d rop  was 47 inches water gauge and average furnace power load was 

27.3 FIw during these t e s t s .  

L3. The same furnace a n d  t e s t  method as in L1 and L2 above. 

Scrubber,pressure drop was 37 inches water gauge and average furnace 

power l o a d  was 27.5 pu during these t e s t s .  

M. Open 1 7 ~ ~ .  Packet-type e l e c t r i c  submerged arc furnace producing 

s i l i con  metal. The a i r  pollution control system consists o f  three 

paral le l  open pressure baghouses having monitor discharges. Samples were 

collected using four EPA.Method 5 par t icu la te  t ra ins  operated simul- 

taneously, each measuring emissions from 1 / 4  of the baghouse monitor area.  

Three of theie  areas were sampled a t  6 "traverse" points ,  while the fourth 

was only sampled a t  2 "traverse" points because of unavailabil i ty of a 

longer probe. 

in one compartment, t e s t  resu l t s  f o r  the t ra in  using only two traverse 

points were high and were omitted. 

the tube sheet level t o  allow ambient a i r  t o  c i rculate  and cool the bags. 

Air thermally induced t h r o u g h  these grates was measured in  every other 

compartment of a l l  three baghouses using rotary vane anemometers, and 

Sampling was n o t  i sokinet ic .  Because of a leak in one bag 

Each baghouse has open grates a t  

8 



total  induced a i r  flow was estiiiiated. Total i n l e t  gas flow from the 

furnace to  the three baghouses was a l so  measured. 

total  i n l e t  gas flow was found t o  resu l t  from leakage of fume from a second 

s i l icon furnace p a s t  a closed damper in to  the control system. 

emissions for  each run were obtained as the product of the average grain 

Five percent of the 

Part iculate  matter 

loading result ing .from emissions from the one baghouse and the to ta l  gas 

flow t o  the three baghouses. 

N .  Open, 7-9 bw nominal capacity e l e c t r i c  submerged arc  silicoman- 

ganese furnace. 

control system consists of a furnace hood, a tapping hood having an e s t i -  

mated capture efficiency of 20 percent, and an Aeronetics scrubber. Fume 

from both the furnace and tapping hood i s  discharged through the scrubber. 

Scrubbing water was supplied a t  82 gallons per minute. 

using Method 5 except t h a t  only 24  traverse points were 

used instead of 36 as cal led ' for  by standard c r i t e r i a .  

Furnace load during the t e s t s  was 7.2 Mw. The a i r  pollution 

Tested by EPA 

0 .  Open 36Mw nominal capacity e l e c t r i c  submerged arc  furnace , .  

producing 75 percent ferrosi l icon.  uuring t e s t ing ,  the furnace load . 

averaged 22.3MW. 

s e t t l i n g  chamber, and closed pressure bag f i l t e r  with three stacks. 

by EPA using Method 5 except t h a t  the probe and f i l t e r  were not 

heated. Sampling was performed on one stack only, and a i r  flows were 

measured on the other two stacks. Total emissions were calculated as 

the product of par t iculate  concentrations as determined on one stack and 

to t a l  a i r  flow to  the baghouse. 

The a i r  pollution control system consists o f  a hood, 

Tested 
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P .  Semi-enclosed, 40-50 MW nominal capac i ty  e l e c t r i c  submerged arc 

furnace producing 50 percent  f e r r o s i l i c o n .  

the  t e s t s  was 46.5 F1w. A i r  p o l l u t i o n  c o n t r o l  i s  achieved us ing  two 

p a r a l l e l  ven tu r i  scrubbers opera t ing  a t  pressure drops o f  70-80 inches 

water  gauge. 

per  minute t o  the  two scrubbers, respec t i ve l y .  

t o  a comnon stack where the gas i s  f l a r e d .  

Method 5 eotcept t h a t  the probe and f i l t e r  were no t  heated and separate 

t e s t  t r a i n s  were used f o r  t raverses a long each o f  the  two axes. Fumes 

emi t ted  through the annular spaces around the e lec t rodes  are captured by 

a secondary hood and passed d i r e c t l y  t o  the  atmosphere. 

were measured us ing  EPA Method 5. Tapping fumes are a lso  

caught i n  a hood t o  be emi t ted uncon t ro l l ed  t o  the (atmosphere. 

fumes were measured us ing EPA Method 5 except t h a t  o n l y  one 

t rave rse  d i r e c t i o n  was used. Tests o f  the  fumes emi t ted  through t h e  

annular  spaces around the e lect rodes and from tapping were conducted 

about 5 months be fore  tes ts  o f  t h e  emissions from t h e  ven tu r i -  scrubbers '  

exliaust s tack.  

Average furnace load du r ing  

Water f l ow  ra tes  are  302 ga l l ons  per  minute and 422 gal lons 

Both scrubbers exhaust 

Tested by EPA us ing 

These fumes 

The tapping 

Q. Open e l e c t r i c  submerged a rc  furnace producing ferrochrome 

s i l i c o n .  

c o n t r o l  i s  by a hood, spark a r res to r ,  i n d i r e c t  a i r  cooler ,  and an open 

pressure baghouse w i t h  a moni tor  discharge. Tested by EPA us ing 

Method 5 except t h a t  sampling was n o t  i s o k i n e t i c ,  and samples 

were obta ined simultaneously by th ree  t r a i n s ,  each evenly spaced along 

t n e  l eng th  of the moni tor  and each sampling a t  one p o i n t  throughout the 

t e s t .  

The furnace load was 20MW dur ing  the  t e s t s .  A i r  p o l l u t i o n  

10 



R. Sealed, 26 Mw nominal capacity e l e c t r i c  submerged arc  furnace 

During t e s t s ,  the average furnace load producing ferrochrome s i l icon .  

was 18.6 MW. Two venturi scrubbers and a wet cyclone in se r i e s  provide 

a i r  pollution control. 

water gauge, respectively fo r  the f i r s t  and second venturis. 

EPA using Method 5 except t h a t  the probe was not heated, 

Venturi pressure drops are about 8 and 80 inches 

Tested by 

the f i l t e r  was heated only d u r i n g  runs 2 and 3 ,  and i t  was necessary t o  

s p l i t  the t e s t  t r a in  by fastening the f i l t e r  holder t o  the end of the 

probe and connecting the f i l t e r  t o  the impingers with a f lex ib le  tube. 

S. 

ferrochrome. 

closed suction baghouse and f l a r e  a re  used f o r  a i r  pollution control.  

Tested using EPA Method 5 except t ha t  the probe and f i l t e r  

were n o t  heated. 

Sealed, e l e c t r i c  submerged arc  furnace producing high carbon 

The average furnace load during the t e s t s  was 18.0 MW.  A 

T. Open; 40 MW nominal capacity e l e c t r i c  submerged arc  furnace 

producing.high carbon ferrochrome. 

t e s t s  was 32.7 Mw. 

furnace hood, a separate tapping hood having an estimated collection 

efficiency of 80 percent, a gas conditioning tower, and a 78,000 vol t  

e l ec t ros t a t i c  precipi ta tor .  

hood i s  discharged through the precipi ta tor .  

Method 5. 

The average furnace load during the 

The a i r  pollution control system consists of a 

Fume from both the furnace and  tapping 

Tested by EPA using 

U. Tightly hooded open furnace producing high carbon ferrochrome. . 

Uuring t e s t s ,  the furnace power load averaged 15.0 W. The a i r  pollution 

11 



control system consists of the furnace hood, an e f f i c i e n t  tapping hood, 

and a closed pressure bag f i l t e r  with three stacks.  Fume from both the 

furnace and the tapping hood are exhausted to  the bag f i l t e r .  

by EPA us ing  Method 5. Sampling was performed on one 

stack only, and a i r  flows were measured on the other two stacks.  

emissions were calculated as the product of par t icu la te  concentration as 

measured on one stack and to ta l  a i r  flow t h r o u g h  a l l  three s tacks.  

Tested 

Total 

V. Open, 2014~ nominal capacity e l e c t r i c  submerged arc  furnace 

producing silicomanganese. 

a t  t h i s  f a c i l i t y .  

18 m. The a i r  pollution control system consists of a hood, a separate 

tapping hood, and an open pressure baghouse having a monitor discharge. 

Fume from b o t h  the furnace and tapping hood is  discharged through the 

baghouse. 

Only v is ib le  emission readings were obtained 

The average furnace load during the readings was about 

W .  Open, 19 t o  21 MW e l e c t r i c  submerged arc  furnace producing s i l icon  

metal. 

The average furnace load d u r i n g  the readings was about 1 9 . 5 ~ .  

pollution control system consists o f  a hood, a separate t a p p i n g  hood, 

a Set  of hairpin gas coolers,  and an open pressure baghouse having a 

monitor discharge. Fume from the tapping hood i s  discharged beneath the 

furnace hood where i t  i s  captured and conducted t o  the baghouse with the 

rest of the fume. 

Only v is ib le  emission readings were obtained a t  t h i s  f a c i l i t y .  

The a i r  

12 
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0.07 

v, 0.06 

v; 
o_ 
%? 
5: u= 

t 

+5: 0.05- 

u 
U-- gs 
k 0.04 
U 
n. 

0.03 

0.02 

0.01 

0 

KEY 1 EPA 

- - 

- - 

- - 
b' - - 

I I 

MAX I M U M 
?t DATA POINT 

AVERAGE 
4+ 

MINIMUM 
DATA POINT 

(1) DOES NOT INCLUDE 48.2 Ib/hr UNCONTROLLED FUGITIVE FUMES FROM AROUND THE ELECTRODES. 

(2) DOES NOT INCLUDE 388 Ib/hr UNCONTROLLED FUGITIVE FUMES FROM AROUND THE ELECTRODES. 

Figure 4.  Particulate emissions (excluding tapping fumes and fugitive fumes) from semi-e.nClffied 
eleclric submerged-arc furnaces producing ferroal IOYS. 
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0.02 
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EPA- 
MAXIMUM ?I DATA POINT 
AVERAGE 
MINIMUM 
D A T A  POINT I 

(1) CORRECTED FOR DILUTION AIR THERMAL 
INDUCEDTHRDUGHTHE OPENBAGHOUSE 

(2) A P = 57 in. W.G. 

(3) A P=47 in. W.G. 

(4)A P = 3 7  in. W.G. 

1 1  
I ,  

6 4 DATA 
POINTS 

c)  

FURNACE L1 L 2  L 3  N T U Q ( l )  0 M ( l )  V - V E N T U R I  SCRUBBER 
CONTROL EQUIPMENT V(2) V(3) V(4) V P B B B B P - ELECTROSTATIC 

I 
PRECIPITATOR 

B - BAGHOUSE 
I FURNACE SIZE, Mw 27 27 27 7 ,: 40 18 20 27 17 

PRODUCT SiMn I H.C. I FeCrSi I 75% I S i  
FeCr FeSi 

. *  

Figure 5. Particulate concentrations in control systemexhaust from open electric submerged-arc 
furnaces producing ferroal loys. 

I 
I 
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KEY 
EPA 

AVERAGE 

(1) INCLUDES PARTIAL CONTROL OF TAPPII 

(2) A P =  57 in. W.G. 
(3) AP=47 in. W.G. 
(4) A P =  37 in. W.G. 

FUME. 

I I I I I b  I I I 
FURNACE L1 L2 L3 N(1) T(1) U(1) Q 0 M 

CONTROL EQUIPMENT V(2) V(3) v(4) v p B B B B V- VENTURISCRUBBER 
FURNACE SIZE, Mw 27 27 27 7 40 18 20 27 PRECIPITATOR 

P- ELECTROSTATIC 

PRODUCT SiMn I H.C. I FeCrSi I 75% I S i  B- BAGHOUSE 
FeSi FeCr 

Figure 6. Pariiculate emissions from open elecir ic  submerged-arc furnaces producing ferroalloys. 
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[ a t l i e  I 
FAC!?ITY A1 

S u m m y  of Resu l t s  

Run Number 
Date 
Test Time-minutes 
Average Power Input -  

S t a c k  E f f l u e n t  
megawatts 

- 

Flow r a t e  - DSCFM 
Temperpture - O F  

Water vapor - Vol. % 
C02 - Vol. % dry  
O2 - Vol. % d r y  
CO - Vol. % dry  
N2 and o t h e r  gases  - 

Vol .  % dry  

-. 

V i s i b l e  emissions a t  c o n t r o l  O - - l ' ]  
system d i scha rge  - % o p a c i t y  

1 
8/iG/1, 

288 
26 

- . .  

51 21 
85 

2.35 
42.9 

0.29 

56.2 
_ _  

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

Probe and f i l t e r  ca t ch  

gr/DSCF 
gr/ACF 
l b l h r  
1 b/Mw-hr 

To ta l  ca t ch  

gr/OSCF 
gr/ACF 
l b / h r  
1 b/Mw-hr 

0 .O?S 

0.023 
3.n.i 
0.  w 5  

0.025 
0.025 

' l . i ?  
n. 05: 

3 4 5 6 
:5/17/72 3/17/72 3/18/72 8/18/72 
288 288 

27 26 

5377 5394 
8 5  85  

3.13 3.04 
39.6 41 . , I  

0.6 0.6 
59.8 58.3 
- -  --  

9 0 

0.015 0.011 
o.no8 0.011; 
0.70 9.51 
0.026 @.WI 

!).ni7 0.012 
0.009 0.012 
0 .76  0.57 
i .oza  0.021 

288 

26 

5121 
79.3 

3.03 
4'2.6 
0.8 

56.6 
_i 

0 

0.013 
0.013 
0.55) 
0.023 

0.015 
0.914 

0.65  
(1 ..o 2 5 

324 

27 

5453 
a i  .li 

3.12 
40.5 
0 .5  

51.0 
_ _  
3 

0.006 
0.008 
0.40 
0.015 

0.010 
.o ,009 

0.4G 
0.017 

Average 
._ 

294 

26 

5322 
83.4 

2.93 
41.4 
0 .6  

57.9 
_ _  
c10 

o .o ia  
0.016 
0.83 
0.031 

0.020 

0.018 
0.90 
0.034 

Reference 1 .  
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Tab1 e 2 
FACILITY A2 

Sumnary of Resu l t s  

Run Number 1 2 

Date 8/20/72 
T e s t  Time-minutes 327 
Average Power I n p u t -  27 

Stack E f f l u e n t  
megawatts 

Flow r a t e  - DSCFM 5653 

Temperature - OF 87 
Water vapor - Vol. % 2.30 
C02 - Vol. % d r y  
O2 - Vol. % d r y  

38.4 
1.1 

63.6 CO - Vol. % d r y  

N2 and o t h e r  gases - -- 
Vol. % d r y  

V i s i b l e  emissions a t  c o n t r o l  0 
system d ischarge - % o p a c i t y  

P a r t i c u l a t e  E i i  s s i  ons 

Probe and f i l t e r  c a t c h  

gr/OSCF 
gr/ACF 
l b / h r  

1 b/Mw- h r  
T o t a l  c a t c h  

g r/DSCF 
gr/ACF 
l b / h r  
lb/Mw-hr 

0.022 
0.016(1) 
0.71 
0.029 

0.01 7 ( l )  

0.017 
0.84 
0.031 

8/21/72 
294 

27 

5464 

83 
2.22 

38.2 
i . 0  

60.8 
_ _  

0 

(1)  0.010 
0.010 
0.49 
0.018 

0.01 l ( 1 )  

0.011 
0.51 
3.019 

Average 
_ _  
310 

27 

5559 
85 

2.2G 
38.3 

1 .o 
60.7 

_ _  
0 

0.016 
0.01 3 ( l ’  
0.64 
0.024 

0.014 ( 1 )  

0.014 
0.68 

0.025 

(1 )  Two stacks sampled simultaneously.  .These numbers a r e  weighted t o  c o r r e c t  
for  unequal f l ows  i n  each system. 

Reference 1. 
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Table 3 

Sumnary of Results 
FACILITY 

Run Number 1 
Date 8/23/72 
Test Time-minutes 3 23 
Average Power I n p u t -  23 
megawatts 

.Stack Effluent 
Flow r a t e  - DSCFM 2339 
Temperature - OF 107.2 

Water vapor - Vol. % 
C02 - Vol. % dry 

CO - Vol. % dry 

V o l .  % dry 

2.62 
13;4 
0.4 

86.2 
O2 - Vol. % dry 

N2 and other gases - _-  

Visible emissions a t  control o 
system discharge - % opacity 

Particulate Emissions 

Probe and f i l t e r  catch 

gr/DSCF 0.011 
gr/ACF 0.010 
1 b/hr 0.23 
1 b/Mw- hr 0.310 

g r/DS CF 0.012 
gr/ACF 0.312 

1b/Mw-hr 0.011 

Total catch 

1 b/hr 0.25 

Reference 1. 

2 
8/23/72 

320 

22.5 

2488 

117.8 
2.65 
13.2 
0.4 

86.4 
_ _  

0 

0.008 
0.007 
0'.17 
0.008 

0.009 
0.008 
0.19 
0.008 

i 

3 
8/24/72 

320 

23 

2425 
108.1 

2.63 
13.3 
3.9 

85.8 
- -  

0 

0.011 
0.011 
0.23 
0.010 

0.012 
0.011 
0.26 
0.011 

Average 
- -  
320 

23 

.? 
241 7 
111.0 . 
2.65 
13.3 
0.6 

8E.1 

I 

_ _  

0 

0.013 

0.009 
0.21 

0.009 
z'  

0.-01 1 
4.010 
0.23 

0.010 

21 



- 
I d c ~ L. 

FACiLiSY , 
_I..... ~.,  . ..., !. u1 ts  

Date 2/23/72 ,1172 

1 

C .  

Run, Number 1 '  

Test Time-minutes GO 60 

Average Power Input-  24.0 . " .8 
megawatts 

S t ack  E f f l u e n t  
Flow r a t e  - OSCFM 15135 5 
Temperature - O F  100 1 ,  

Water vapor  - v o l .  % 1 ;83 1.26' 

C02 - Vo l .  % dry 
02 - Vol. % d r y  

N2 and other gases - Vol % -- .. 

_ _  
-- 

I 

. _ -  . .  CO - Vol .  % dry  . . 

dry 
Visible  emissions ac conirul  0 

systeni d i scharge  % opaci ty  
P a r t i c u l a t e  Emissions@) 

Probe and f i l t e r  .catch 

0.031 0.033 gr/CSCF 0.040 r ,  .-2n 

gr/ACF '3.037 0.[!19 0.029 0.028 

3 Average 
2/24/72 _ -  

G O  60 
23.5 23.8 

l b / h r  0.533 t i  '663 0.413 0.404 
Ib/Mw-hr 0.022 ?.'111 0.918 0.017 

To ta l  ca t ch  

g r/DS C F 0.3425 0.:;311 0.0342 0.0359 
gr/ACF 0.  ?+" 9 3 28 0.0361 0.0379 
1 b/hr 0.577 C . ' ; 2 3  0.464 0.433 
1 b / h - h r  0.024 0.018 0.02'1 0.021 

( 1 )  i s t i w t e d .  Carbon rwn l jx ic ie  cormni , - a t . i onc  '--J tllgller t h a n  could be 

( 2 )  Uncontrolled ei i iss. ions a t  t h e  electrc.. '! L;i?r-,,ed 48.2 lb/hr. 

Reference 2 .  

measured using the Orsat ana lyzer .  

I 

! 22 

L 

1585 1585 
1 00 100 

0.98 I .36 

1 . 5  
6.0 

_ -  
_ _  
_ _  G5(1) 

_ -  27.5 (1 )  

0 0 



Tabie 5 
FACILITY D 

Sumnary of Results 

I 

Hun Number 
Date 
Test Time-minutes 

26 Average Power Input- 

Stack Eff luent  

I 

I megawatts 

Flow r a t e  - OSCFM 3500 
Temperature - O F  -- 

-- Water vapor - Vol. % 
C02 - Vol. % dry 
O2 - Vol. % dry 

N 2  and o ther  

50 
-- 

CO - Vol. % dry . 40-44 
6-10 V95"' - Vol. % dry 

Visible emissions a t  control  0 
system discharge - % opacity 

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

Probe and f i l t e r  catch 

gr/DSCF 
gr/ACF 
l b / h r  
lb/Mw-hr 

Total catch 

gr/DSCF 
gr/ACF 
lb/hr  
lb/Mw-hr 

0.002 

0.055 
0.092 

_-  

, .  

(1)  Hydrogen content of the gas i s  3 to 4-percent .  

deference 3. 
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/ 

Run Number 
Date 
Test Time-minutes 
Average Power Input- 

Stack. E f f luen t  
megawatts 

Flow r a t e  - DSCFM 
Temperature - O F  

Water vapor - Vol. % 

C02 - Vo!. % dry  
O2 - Vol. % dry 
CO - Vol. % dry 
N2 and o the r  gases - 

Vol. % dry 
Vi s ib l e  emissions a t  cont ro l  

P a r t i c u l a t e  Emissions 
system discharge - 4: opaci ty  

Probe and f i l t e r  ca tch  

gr/DSCF 
gr7ACF 
l b / h r  
lb/Mw-hr 

Tota l  ca tch  

g r/ DS C F 
gr/ACF 
1 b / h r  
lb/Mw-hr 

Reference 3. 

24 

Table 6 
. FACILITY E 
Sumnary of Results 

1 

-- 
25 

3500 

0 

0.005 
-- 

0.150 
0.006 



Run Number 
Date 
Test Time-minutes 
Average Power Input -  

Stack E f f l u e n t  
megawatts 

Flow r a t e  - DSCFM 
Temperature - OF 
Water vapor - Vol. % 
C02 - Vol. % d r y  
O2 - Vol. % d r y  
CO - Vol. % d r y  
N2 and other gases - 

Vol .  % d ry  

system discharge - % opac i ty  
V i s i b l e  emissions a t  c o n t r o l  

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

Probe and f i l t e r  ca tch  

gr/DSCF 
gr/ACF 
l b / h r  
1 b /M-hr  

To ta l  catch 

g r/ DS C F 
gr/ACF 
1 b/hr 
1 b/Mw-hr 

Table 7 
FACILITY F 

Sumnary o f  Results 
1 
_- 
-- 

29 

2990 

_- 
20 

1 .o 
75 

4 

0 

0.002 
-- 

0.050 
0.002 

Reference 3. 

2 5  



I 
Run Number 
Date 
Test Time-minutes 
Average Power Input -  

Stack E f f l u e n t  
megawatts 

Flow r a t e  - DSCFM 
Temperature - OF 
Water vapor - Vol. % 

C02 - Vol. % d r y  
O2 - Vol. % d r y  

CO - Vol. % d r y  
N2 and o the r  gases - 

Vol. % d ry  
V i s i b l e  emissions a t  c o n t r o l  

P a r t i c u l a t e  Emissions 
system discharge - % opac i t y  

Probe and f i l t e r  ca tch  

gr/DSCF 
gr/ACF 
l b / h r  

1 b/Mw-hr 
- Tota l  ca tch  

g r /  DS C F 
gr/ACF 
l b / h r  

1 b/Mw-hr 

Table 8 

FACILITY G 
Sumnary o f  Resul ts 
1 

-- 
-- 

17 

0.009 
-- 

0.100 
0.006 

ReTerence 4. 

26 I 
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R u n  Number 
Date 
Tes t  Time-minutes 
Average Power Input- 

.Stack Eff luent  
megawatts 

Flow r a t e  - DSCFM 
Temperature - O F  

Water vapor - Vol. % 

C02 - Vol. % dry 
O2 - Vol. % dry 
CO - Vol. % dry 
N 2  and o the r  

Vol. % dry 

.. 

9 9 y  - 
Vis ib le  emissions a t  cont ro l  

- P a r t i c u l a t e  Emissions 
system discharge - % opaci ty  

Probe and f i l t e r  ca tch  

gr/DSCF 
grlACF 
1 b/ hr 
1 b/Mw- hr 

Total  catch 

gr/DSCF 
gr/ACF 
1 b/hr 
1 bfM-h.n 

Table 9 
FACILITY H 

Sumary  of Results 

1 
_- 
_-  
12 

112’3 
_- 
_- 

1.3 

1 .o 
79.5 
9 .2  

0.035 
_-  

0.336 
0.028 

-- 
_ _  
_ _  
_ _  

Gas i s  1 . 7  percent methane and hydrocarbon:. 

Reference 3. 
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Run Number 
Date 
T e s t  Time-minutes 
Average Power Input -  

S t ack  E f f l u e n t  
megawatts 

Flow r a t e  - DSCFM 
Temperature - O F  

Water vapor - Vol. % 
C02 - Vol. % d r y  
O2 - Vol. % d r y  
CO - Vol. % dry 
N2 and o t h e r  g 

Vol. % dry tTfS - 
V i s i b l e  emissions a t  con t ro l  

P a r t i c u l a t e  Emissions 
system discharge  - % opac i ty  

Probe and f i l t e r  ca t ch  

g r /  DS CF 
gr/ACF 
l b / h r  
lb/Mw-hr 

To ta l  ca t ch  

g r/DSC F 
gr/ACF 
1 b/hr  
lb/Mw-hr 

(1)  
Reference 3. 

Gas i s  8 percent hydrogen. 

Table  10 
FACILITY I 

Sumnary o f  Resui tc  

1 
-- 

26 

0.011 
-- 

0.272 
0.010 

I '  

28 



Run Number 
Date 
Tes t  Time-minutes 
Average Power I n p u t -  

Stack E f f l u e n t  
megawatts 

Flow r a t e  - DSCFM 
Temperature - OF 

Water vapor - Vol. % 
C02 - Vol. % d r y  

O2 - Vol. % d r y  
CO - Vol. % d r y  
N2 and o the r  g ses - 

Vol. % d ry .71 )  
V i s i b l e  emissions a t  c o n t r o l  0 

P a r t i c u l a t e  Emissions 
system d ischarge - % opac i t y  

Probe and f i l t e r  ca tch  

gr/DSCF 
gr/ACF 
l b / h r  . 
1 b/Mw-hr 

To ta l  ca tch  

gr/DSCF 

gr/ACF 
1 b/hr  
lb/Mw-hr 

(1 )  Gas i s  6 percent  hydrogen. 

Reference 3 .  

0.(105. 
-- 

0.300 
0.012 

Table 11 
FACILITY J 

Sumnary o f  Resul ts  

29 



Run Nuni l2 r  

Date 
Test T i .  - - i i n u t e s  
Average Power lnput -  

S t ack  E f f l u e n t  
megawat 

Flow 1 I ”  - DSCFM 
Temperature - O F  

Water v J p o r  - Vol. % 

C02 - Vol. % dry  
O2 - VL 1 .  % dry  
CO - Vo: . % dry 
N2 and (vther gases  - 

Vol. % dry 
Vi s ib l e  4 s i i o n s  a t  con t ro l  

P a r t i c u l a t e  Emissions 
sys tc  r.ischarge - % opac i ty  

Probe and ‘ f i l t e r  ca t ch  

gr/OSCF 
gr/ACF 
1 b/ hr 
1 b/Mw-iir 

To ta l  c a t c h  

g r/DS C F 
gr/ACT 
1 b/hr 
1 b/Mw-hr 

Referellie : 

30 

T a b l e  12 

Sumary  o f  Resuits 
FACILITY 

1 2 

1 O /  18/ 7 3 
31 5 

30.7 29.8. 

10/19/73 
360 

5130 5084,  . 
173 146 

24.3 23.0 
7 .0  7 .2  
0 .0  0 .2  

93.0 92.6 
_ _  _ _  

0 0 

0.001s 0.0023 
0.0012 0.0016 
0.08 0.10 
0.0025 0.0034 

0.111 0.094 
0.074 0.066 
4.58 4.07 
0.159 0.137 

3 
10/20/73 

360 

32.4 

.5060 
151 
17 .3  
8 . 5  
0 . 3  

91.2 
_ _  

0 

Average 

345 

31 .O 

_ _  

5091 
157 
21.5 
7 .6  
0 .2  

92.3 
-- 

0 

0.9013 0.0018 
0.3910 0.0013 
0.06 , 0.08 
0.0319 0.0026 

0.111 0.105 
0.084 0.075 
4.81 4.59 
0.148 0.148 



T a b l e  13 
FACILITY L1 

Summary of Resul ts  
( 1 ) ( 2 )  

Run' Number 1 
Date 7/27/71 
Tes t  Time-minutes 80 
Average Power I n p u t -  29 
. megawatts 
Stack E f f l u e n t  

Flow r a t e  - OSCFM 113,000 
Temperature - O F  140 
Water vapor - Vol. % 18.5 

2.1 

O2 - Vol. % d r y  19.2 

N2 and o t h e r  gases - 

C02 - Vol. % d r y  

CO - Vol. % dry -- 
78.7 

Vol. % d r y  
V i s i b l e  emissions a t  c o n t r o l  - -  

system d ischarge - % o p a c i t y  

P a r t i c u l e t e  Emissions (3 )  

Probe and f i l t e r  c a t c h  

gr/DSCF 
gr/ACF 
l b / h r  

1 b/Mw-hr 

T o t a l  ca tch  

gr/DS CF 

gr/ACF 
1 b / h r  
lb/l.lw-hr 

0.0103 
0.00728 
9.97 

0.34 

0.0166 
0.0117 

16.1 

0.56 

2 

7/29/71 
80 
25 

11 2 ,.zoo 
140 

15.4 
3.4 

18.3 
-_  

78.3 

- -  

0.007in 

0.00520 
6.83 

0.27 

0.0110 
0.00805 

10.5 
0.42 

3 

7/30/ 7 1 
80 
20 

122,100 
118 

12.9 
1.9 

18.6 
_ _  

79.5 

--  

0.0107 

0.00839 
11.2 

0.56 

0.0122 
0.00956 

12.8 

0.64 

4 

7/31/7 
95 
24 

5 Average 

90 85 
27.5 25.1 

7/31/71 -- 

116,900 110,200 '1'14,860 
139 140 135 

15.8 17.2 16.0 
2.8 3.3 2.7 

18.8 18.4 18.7 

78.4 78.3 78.6 

-- _-  _ _  

0.00813 
0.00594 
8.14 
0.34 

0.00967 
0.00706 
9.68 

0.40 

0.00889 o.oogn2 

0.00684 0.00673 
8.39 8.91 
0.31 0.36 

. .  

0.0105 0.0120 
0.00807 '0.00889 

9.91 11.8 

0.36 0.48 

( 1 )  Sampling was per Nrmed a long one ax'is o n l y .  

(2) 
(3 )  

Reference 6. 

Scrubber pressure drop o f  57 inches N.G. 

Does not  i n c l u d e  u n c o n t r o l l e d - t a p p i n g  fumes.wihich a r e  19 t o  48 I b / h r  d u r i n g  
tapping. 
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Table 14  

Sumnary of Resul ts  
FACILITY L2 (1) (2)  

Run Number 1 
Date 8/1/71 
Test Time-minutes 90 
. Average Power Input-  27,. 5 

megawatts 
S t ack  Eff luent  

Flow r a t e  - DSCFM 11 8,100 
Temperature - O F  135 

Water vapor - Vol. % 
C02 - Vol. % dry  
O2 - Vol. % d r y  

16.1 
3.0 

18.6 
CO - Vol. % dry _ _  
N 2  and o t h e r  gases  - 78.4 

Vol. % dry  
V i s i b l e  emissions a t  con t ro l  -- 

system d i scha rge  - % opac i ty  
P a r t i c u l a t e  Emissions (3) 

Probe and f i l t e r  ca t ch  

gr/DSCF 0.0150 

l b / h r  15 .2  
1 b/Mw-hr 0.55 

gr/ACF 0.0111 

Tota l  c a t c h  

gr/DSCF 0.0170 
gr/ACF 0.0126 
1 b /hr  17.2 
1 b/Mw-hr 0.63 

2 
8/2/71 

90 
27.0 

115,000 
127 
18.2 
3.2 

38 .6  

78.2 

_ _  

-- 

0.0180 
0.0132 

17.7 
0.66 

0.0197 
0.0144 

19.4 
0.72 

3 
8/2/71 

90 
27.5 

121,100 
134 
15.3 
3.4 

18.5 
-- 

78.1 

-- 

0.0114 
0.00831 

11.8 
0.43 

0.01 31 
0.00955 

13.6 
0.49 

Average 
_ _  
90 
27,3 

118,070 
132 
16.5 
3 .2  

18.6 
-- 

78.2 

0.0148 
0.0109 

14.9 
0.55 

0.0166 
0.0122 

16.7 
0.61 

( 1 )  Same as f a c i l i t y  L1 except  t h e  scrubber pressure  drop was only 47 inches w.g. 

(2) Sampling 'was p e r f o k e d  along one ax i s  only. 
(3 )  Does n o t  include uncontrol led tapping fumes yhich a r e  19 t o  48 lb /h r  d u r i n g  

tapping.  

Reference 6. 
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Table 15 
FACILITY L3 (1) (2)  

Summary of Resul ts  

R u n  Number 1 

Date 8/3/71 
Test Time-minutes 90 
Average Power I n p u t -  . 28.0 

Stack Ef f luen t  . .  . .  
megawatts 

Flow ' r a t e  - DSCFM .. 114,300.  
Temperature - OF 130 
Water vapor - Vol. % 17.6 

3.2 
18.8 

C02 - Vol. % dry 
O2 - Vol. % dry  

_ _  'CO - Vol. % dry 
N 2  and  o the r  gases  - 

Vol. % dry 
78.0 

Vis ib le  emissions a t  con t ro l  - -  
system discharge - % opac i ty  

P a r t i c u l a t e  Emissions (3)  

Probe and ' f i l t e r  ca tch  

gr/DSCF 0.0138 

l b / h r  13.5 
1 b/Mw-hr 0.48 

gr/ACF 0.0100 

Total  ca tch  

gr/DS C F 0.0144 
gr/ACF 0.0104 
1 b/hr 14.1 
1 b/Mw-hr 0.50 

2 
8/3/71 

90 
27 .Q 

112,000 
133 
16.7 
3.2 

18 .6  
-_  

78.2 

_ _  

0.0369 
0.0270 

35.4 
1.31 

0.0445 
0.0326 

42.7 
1 .58  

3 
8/4/71 

90 
27;5 

103,200 

1716 
3.1 

1847 

1 3 2  

-- 
78.2 

_ -  

0,0798 
0.0576 

Average 
-- 
30 
2145 

1094830 
132 

17.3 
3.2 

1817 
-- 

7811 

0.0435' 
0.0315 

70.6 39.8 . 

2.57 i , 4 5  
. .  

0.0849 0,0479 
0,0348 0,0613 

! 

75.1 441.0 
2.73 1 ;60 

i 

( 1 )  Same as f a c i l i t i e s  L1 and L2 except the  scrubber  pressure drop was only. 37 
inches w.g. 

(2). Sampling was performed-a.long one a x i s  only.  
(3)  Does not include uncontrol led tapping fumes which a r e  19 t o  48 lb /h r :  

d u r i n g  tapping. 

Reference 6 
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Table 16 

FACILITY M 

Sumnary of  Results 

Run Number 1 

d a t e  1 /1 7/72 

Test Time-minutes 367 

Average Ppwer I n p u t  - , 17 

Stack Eff luent  

' . , . I  Megawatts ,' 

Flow rate - USCFM ( l )  581,150 
Temperature - O F  180 
Water vapor - Vol. % 0 
C02 - Vol .% dry - 
O 2  - Vol.% dry - 
CO - VoI.% dry 
i'12 and o t h e r  gases - 

Vol. % dry - 
Vis ib le  emissions a t  control 

system discharge  - % 
opaci ty  0 

P a r t i c u l a t e  Emissions ( 2 ) .  

Probe'and f i l t e r  ca tch  
gr/OSCF 0.002s 

' gr/ACF 0.0021 
lb /h r  12.5 
lb/Mw-hr 0.135 

Total catch 
gr/USCF J .0032 
gr/ACF 0.0026 
1 b / h r  16.3 
lb/Mw-hr 0.959 

2 3 

1/18/72 1120172 

360 292 

17 
3 '  ',, . .  , I  i i ;i! 

17 

631,550 61 9,550 
220 200 

0 0.37 
- 0.2 ". 

- 20.7 
- - 

- ' 79.1 

I 

0 0 

0.0018 0.0017 
0.0014 0.0016 

9.75 9.03 
0.574 0.531 

0.0039 . 0.0046 
0.0030 0.0037 

21.1 24.4 
1.24 1.44 

Average 

- 
340 

I :  

17 I >, '  ' . , , , ,  

61 0,750 
., 200 i 

0.12 
- 
- .  
- 

- 

0 

0.0020 
0.0017 

10.4 
0.613 

0.0039 
0.0031 

20.6 
1.21 

(1)  Total flow from a l l  three baghouses inc luding  cool ing a i r  induced through open 

( 2 )  

Reference 7. 

3 4  

gra t e s  surrounding the tube sheets. 

Does not include uncontrol led tapping fume. 



Run Number 
Date 
Tes t  Time-minutes 

Ayerage Power I n p u t -  

Stdck E f f l u e n t  
me'gaaa t t s  

Flow r a t e  - DSCFM 
Temperature - OF 

Water vapor - Vol. % 
C02 - Vol. % d r y  

D2 - Vol. % d r y  

CD - Vol. % d r y  
Nz and o t h e r  gases - 

Vol. % d r y  

1 

2/1/72 

138 
7.2 

16,890 
137 

10,3 
4.3 

16.9 
_ _  

78.8 

V i s i b l e  emissions a t  c o n t r o l  0 
9ystem d ischarge - % o p a c i t y  

P a r t i c u l a t e  Emissions (1)  I 

Probe ahd f i l t e r  ca tch  

gr/DSCF 0.0403 
gr/ACF 0.0340 
l b / h r  5.83 
lb/Mw-hr 0.81 

T o t a l  c a t c h  

gr/OSCF 0.0489 
gr/ACF 0.0386 

l b / h r  7.08 
1 b/Mw- h r  0.98 

Tab le  17 

FACILITY N 
Surmiary o f  Resu: t s  

2 .  
2/2/72 

108 
7.2 

15,500 
131 

15.5 
4.0 

17.2 
-_ 

78.8 

0 

0.0932 
Oi0701 

12.38 
1.7 

0%101 
0.0759 

13.42 
1.9 

3 
2/2/72 

103 
7.2 

15,500 
131 

15.5 
4.0. 

17.2 
-- 

i a , 8  

0 

0.102 
0,0767 

13.55 
7 .9  

0.107 
0.0804 

14;21 

2.0 

. . . .  

15,960 
133 
13.8 
411 

17.1 
_ _  
78,a 

0 

0.0785 
Oi0603 

10.59 
l i 5  

0,0856 

0.0650 
11 :57 

1.6 

(1) P a r t i a l  con t ro l  o f  tapping fume e x i s t s .  Resul ts  inc lude the  contro1,led ; 

tap fume; 
20 percent. 

Estimated capture  e f f i c i e n c y  o f  the  tapping hood i s  

Reference 8 .  



Run Number 
Date 
Test Time-minutes 
Average Power I n p u t -  

S t ack  E f f l u e n t  
megawatts 

( 3 )  Flow r a t e  - DSCFM 
Temperature - O F  (4)  

Water vapor - Vol. % 

C02 - Vol. % dry 
O2 - Vol. % d r y  
CO - Vol. % dry  

1 ( 2 )  

1 Q/ 11/73 
108 
23.0 

162713 
359 
1.7 
1 .6  

19.7 
0.0 

Table  18 

Sumnary of  Resui ts 
FACILITY 0 (,) 

2 3 4 5 
10/11/73 10/12/73 10/12/73 10/12/73 
108 144 1 44 144 

22.9 22.8 21 .3  21.5 

164749 153126 147235 148710 
367 388 389 393 
2.2 1 .9  2.0 1 .9  
1 .6  ' .7 1 .7  1 .7  

19.7 19.9 19.9 19.9 
0.0 0.0 0.0 0.0 

N2 and other  gases - 78.7 18.7 
Vol. % dry 

Vi s ib l e  emissions a t  control 5 15 
system discharge  - % o a c i t y  

- <15 

P a r t i c u l a t e  Emissions (5P 

Probe and f i l t e r  catch 

gr/DSCF 0.01712 0.01724 
gr/ACF 0.01098 0.01089 

1 b/Mw-hr 1 . l l  1.06 
1 b/ h r  25.44 24.34 

To ta l  c a t c h  

gr/DSCF o.03090 0 . 0 2 9 ~ a  

gr/ACF 0.01982 0.01891 

Ib /hr  43.09 42.26 

1 b/Mw-hr 1 .87 1.85 

78.4 78.4 

- <15 - <15 

n.01724 0.01570 
0:01065 0.00967 

22.62 19.81 
0.99 0.93 

0.02469 0.02528 
0.01524 0.01557 

32.40 31.90 
1 , 4 2  1 .50  

78.4 

c 15 - 

0.01 724 
0.01058 

21.97 
1.02 

0.02374 
0.01458 

30.26 
1 .41 

Average 

130 
22,3 

_ _  

157886 
379 

1.9 
1.7 

19.8 
0.0 

78.5 

0.01691 
0.01055 

22.84 
1.02 

0.02691 
0.01682 

35.98 
1.61 

(1 )  

(2 )  
( 3 )  Total  from baghouse; 
( 4 )  O f  s t ack  sampled. 

(5)  

Reference 9 .  

One s tack  of three on the baghouse was sampled. 

Did n o t  include a complete tap .  

Gas flow rates were measured on the 
o the r  two. 

Does no t  include uncontrol led t a p  fumes. 
product of the concent ra t ion  measured on one s tack  and the t o t a l  gas f low.  

!lass emissions were ca lcu la ted  as  the  
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Table 19 

FACILITY 0 

SUMMARY OF VISIBLE EMISSIONS (1) 

Oate: 10/11/73 
Type of P lant :  Submerged a rc  75% f e r r o s i l i c o n  furnace 

Type o f  Discharge: 3 stacks Distance from Observer t o  Discharge Point :  200 ft 

Location o f  Discharge: Baghouse Height of Observation Point :  Ground leve l  ( 
Height o f  Po in t  o f  Discharge: c 100 ft D i rec t i on  o f  Observer from Discharge Po in t :  Southwest 
Descr ipt ion o f  Background: Sky 

Descr ipt ion of Sky: 

Wind Di rect ion:  From Southeast Wind Veloc i ty :  0 t o  10 m i l h r  
Color o f  Plume: White Detached Plume: No 
In ter ference o f  Steam Plume: None 

Duration of Observation: 1 hr.  48 min. 

. . ~  .. . I  . 
Clear w i t h  occasional clouds. 

Sumnary of Data: ( 2 )  

Opacity, ___ Percent Than Given, Opacity 
'Sec. 

Tota l  Time Equal t o  or Greater 

- Min. - 
5 

10 15 

20 
25 
30 
35 
40 45 

50 

106 
14 

1 

Opacity, 
Percent 

55 
60 
65 
70 
75 
80 
85 
90 
95 

100 

Total  Time Equal t o  o r  Greater 
Than Given Ooacitv 

Sec. Min. - - 

Sketch Showing How Opacity Varied With Time: 

I I I I I I I I I I I I I 1 

( 2 )  The h ighest  reading fmm the 3 stacks i s  reported. Observations were made concurrent ly  
w i t h  Run Number 2. Table 18. 

37 
Reference 9. 



Table 20 

Sumnary o f  Resu l t s  
FACILITY P (1 )  

2 Run Number 1 

Date 7/19/72 
T e s t  Time-minutes 60 

Average Power I n p u t -  . 46 .  

Stack E f f l u e n t  
megawatts 

Flow r a t e  - DSCFM 7307 

Temperature - O F  152") 

Water vapor - Vol .  % .6.38 ( 2) 

C02 - Vol. % d r y  

O2 - V o l t  % d r y  

2.00 
1.20 

CO - Vol.  % d r y  96.8 

N2 and o t h e r  gases - _ _  
Vol.  X d r y  

V i s i b l e  emissions a t  c o n t r o l  -- 
system d ischarge - % o p a c i t y  

P a r t i c u  l a  Le Emissions 

Probe and ' f i l t e r  c a t c h  

gr/OSCF 0.0573( ') 
W A C F  0.0468(2) 

1 b/ h r  
1 blMw- h r  0.0783(2) 

3 ~ 60") 

r o t a 1  c a t c h  

gr/DSCF 

gr/ACF 

l b / h r  

lb/Mw-hr 

0.0679 ( 2 )  

0.0555") 
4.25") 

0,0924' ') 

7/19/72 
60 

. 4 7  . 

7258' ') 

2.80 
2.00 

95.2 

0.0580(2) 

0.0475(*) 
3.60' ') 
0.0766( 2) 

Average 

-- 
60 

46.5 

7283 

151 

6.54 

2.40 
1.60 

96.0 
-- 

0.0577 

0.472 
3.60 

0.0775 

0.0687 
0.0562 

4.30 
0.0925 

(1) Ex lud ing  tapping emissions and f u g i t i v e  emissions from the e lec t rode  hol'es 
wh.ich averaged 388 l b / h r  (probe and f i l t e r  ca tch )  d u r i n g  a prev ious t e s t  of t h i s  
f a c i l i t y .  

measurements obta ined by each t e s t  t r a i n .  
( 2 )  T w o ' t e s t  t r a i n s ,  one UII each t raverse,  were used. Values a r e  averages o f  

References 2 and 10. 
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Run Number 
Date 
Tes t  Time-minutes . , 

Average Power I n p u t -  

Stack E f f l u e n t  
megawatts 

( 2 )  Flow r a t e  - DSCFM 
Temperature - OF 

Water vapor - Vol. % 
C02 - Vol. %'  d r y  
O2 - Vol. % d r y  
CO - Vol. % d r y  
N2 and o t h e r  gases - 

Vol. % d r y  

(3) 

1 
8/31/71 

120 
20 

383,000 
165 
1.03 
0.5 

20.6 
_ _  

78.9 

c4 ) V i s i b l e  emissions a t  c o n t r o l  - 
system d ischarge - % o p a c i t y  

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

Probe and f i l t e r  ca tch  

gr/DSCF ( 3) 0.0033 
gr/ACF(3) 0.0028 
l b / h r ( 5 )  11 

lb/Mw-hr 0.55 

T o t a l  ca tch  

gr/DSCF (3)  0.0115 
gr/ACF ( 3 )  0.0095 
1 b /h r  ( 5 )  37.9 
1 b/Mw-hr 1.9 

Tab le  21 

Sumnary of hesul  t s  
FACILITY Q(') 

2 
. 9/1/71 

120 
20 

' *  

. ,383,000 
175 

~, 0.527 

.. 0.5 
20.6 

_ _  
78.9 

-_  

I 

3 
9/1/71 

180 
20 

, 383,000 
176 

0.403 
0.5 

20.6 
_ _  

78.9 

_ _  

0.0029 0.0018 
9.0024 0.0014 

$9.4 5.8 
0.47 0.29 

0.0099 0.0055 
0.0082 0.0045- 

. . c  

Average ', 

_ _  
' I I  

140 , , L.,. . 
20. . . ' 

' , i , : ' ; ,  ! > . , % '  

383,000 
172 

0.653 
0.5 ' 

. ,  

20.6 
_ _  

78.9 

, , , I  

f 

0.0027 
0.0022 . 
8.7 
0.44 ' 

I ,  

$ . '  

/ '  j. 

0.0090 ' 

0.0374 
32.5 18.1 29.5 . . * 1 ' i  

1.6 0.91 1.5 >!.',>! 

( 1 )  Tes t i ng  was n o t  i s o k i n e t i c  and was conducted simultaneously b y , t h r e e  t r a i n s  each a t  
a s i n g l e  p o i n t  i n  the  baghouse mo? i to r .  -?sults do no t  inc lude uncon t ro l l ed  tap  
fumes. 

( 2 )  Obtained as sum o f  i n l e t  a i r  f low r a t e  and induced baghouse coo l i ng  a i r  measured w i t h  
a vane anemometer. 

( 3 )  Average o f  measurements o f  t h ree  t r a i n s  a t  th ree  po in ts  i n  the baghouse mon i to r .  
( 4 )  V i s i b l e  emission readings were obtained on February 20, 1974 f o r  4 hours. I ' 

(5 )  3ased on average g r a i n  load ing  and t o t a l  a i r  f l o w  a t  t h e  baghouse exhaust. 

Reference 11. 

t .  
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Table 22 
FACILITY Q 

SLNHARY OF VISIBLE EMISSIONS(~) 

Date: 2/25/74 

Type o f  Plaqt:  Submerged Arc F e r m c h m e  S i l i c o n  Furnace 

Type of Oircharge; Monitor Distance frm Observer t o  Discliarge Point :  .-. 300 f t  

Location o f  Discharge: Top o f  baghouse Height of Observation Point :  Ground leve l  

Height of Po in t  of Discharge; 

Descr l . i t io?  F f  Backgmwd: Sky 

Descr lp t ion  of Sky: Overcast w i t h  some periods of c l e a r  sky espec ia l l y  near the end of the 
observations. 

wind Direction; Frpm West and Northwest 

Color O f  P l W :  - Detached P lme :  No 

In te r fp rence of Steam P l u m :  None 

Durat.fon o f  Observation; 4 hours 

sumpM.y o f  Data: 

O i rec t i on  of Observer f r o m  Oischarg$<P,oint:, E a s t  
. I  

I 60 ft 

Wind Ve loc i ty :  I 10 ml/hr 
. .  

, Opacity. Tqtal  Time Equal t o  o r  Greater Opacity,. ,. Total  Time Equal t o - o r  Greater 
Than Given Opacity Percent Than Given Opacity 

See. Hln. Sec. - Min. - 55 
60 5 
65 IO throughout the observation period. 
70 : I5 

! 20 15 
80 25 
85 30 
90 35 
95 I O  

100 45 
50 

E n i s s m  were 0 p e x t  opaci ty 

Sketch Shw lpa  How ODacitv Varied With Tin?:' 

I I I I 

, I  

B 
G+ 
'E .  

g Q  - 

I I I I 
I 1 3 

TIME, hours 
(1) Two observers made slmultaqeous readings. 

References 12. and 13. 
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Table 23 
FACILITY R 

Sumnary o f  ‘Kesul t s  

Run Number 
Date 

1 
10/4/73 

Test Time-minutes 240 

Average Power I n p u t -  18.1, , 

megawatts 
stack E f f l i ; e n t l ” ’  L , ,  , I  L I . I .I 

Flow rate - OSCFM 1675 
Temperature - O F  78 . 
Water vapor - Vol. % 5.1 
C02 - Vol. % dry 
O2 - Vol. % dry 
‘CO - Vol. % dry 
N2 and other gases  - 

Vol. % dry 

0.9 
0.2 

98.9 

Visible  emissions a t  cont ro l  0 

P a r t i c u l a t e  Emissions 
system discharge - % opaci ty  

Probe and ‘ f i l t e r  ca tch  

gr/DS CF 
gr/ACF 
lb/hr  

0.01041 
0.00977 
0.15 

lb/Mw-hr 0.00826 
Total ca tch  

g r/DSC F 
gr/ACF 
1 b /hr  
1 b/Mw-hr 

0.01 063 
0.00998 
0.15 
0.00843 

2 
10/4/73 

240 

1 8 . 2  

/ I  

1925 
. 102 

5 .5  
0.9 
0 .2  

98.9 
-- 

0 

0.011 32 
0.01 01 3 
8.19 
0.01026 

0.01248 
0.01J18 
0.21 
0.01131 

- 

3 
10/5/73 

240 

.. .. !9,5. . , .,, . 
i ’ , , , , :  I ’  .. I . /  I*’ : .  

2028 
92 

.4 .6  
3.1 , 

0.6 
. 96.3 

-- 

d 

0.01051 
0.00966 
0.18 
0.00937 

0.01 124 
0.01 034 
0.20 
0.01002 

Average 
-- 

240 

18.6. 

. I I i 1.1 

1876 
91 

5.1 
1.6 
0.3 

98.0 
-- 

0 ‘  

0.01075 
0.00985 
0.17 
0.00930 

0.011 45 
0.01050 
0.19 
0.00992 

Reference 14. 
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Table 24 

FACILITY R 

SUMMRY OF VISIBLE EMISSIONS 

date: 1013173 through 1016173 

Type o f  P l a n t :  Sealed. Submrged Arc F e r r o c h m m  S i l i c o n  Furnace 
Type o f  d ischarge:  F l a r e  Dis tance f rom Observer t o  Oischarge Po in t :  30 t o  80 f t  
Loca t ion  o f  d iscnarge:  Stack Exiiaust f r o m  Height  o f  Observat ion P o i n t :  -125 f t .  

Heigr i t  of P o i n t  o f  J i x h a r g e :  -1s I  Pt. 

d e s c r i p t i o n  o f  L i a c k g ~ u n d :  Sky 

r ’boer  
D i r e c t i o n  o f  Observer from Discharge Po in t :  -- 

I :  

D e s c r i p t i o n  of Sky; Overcast except on 
1016173 when i t  was c l e a r  

Wind d i r e c t i o n :  Genera l ly  from ; lort i? Wind V e l o c i t y :  4.5 t o  13 rnilnr 
Color  o f  Plurre: Uetached Plume: #do 

I n t r r f e r i n c e  o f  steam Plune: idone 

Dura t i on  o f  Observat ion:  1 hour on each day, 4 hours t o t a l .  

Sunmary o f  Uata: 

dpac i t y ,  To ta l  T i m  Equal t o  OP Greater Opaci ty ,  To ta l  T ime  Equal t o  or Greater  
Percent . Than Given Opacity Pe rcen t  Than Given Opaci ty  

src. - Min. - See. - kiin. - 
5 

1d 
l a  
20 
25 
3u 
35 
40 
45 
50 

h i s s i o n s  were 0 percent 
o p a c i t y  t l i roughout  the 
observat ion pe j i ods .  

55 
ti0 
ti5 
70 
75 
80 
85 
90 
95 

100 

Sketch Showing How )pac i t y  Var ied Wi th  Time: 

Keference 14 
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Table 25 
FAC!LITY s 

Sumnary o f  Resu l t s  

Run Number 
Date 

1 2 

10/4/73 19/5/73 
Test  Time-minutes 240 
Average Power I n p u t -  17.2 

Stack E f f l u e n t  
megawatts 

Flow r a t e  - DSCFM 21 G9 
Temperature - OF 92 
Water vapor - Vo l .  % 5 .2  

1 . 5  
0 . 5  

98.0 

C02 - Vol. % d r y  

D2 - Vol. % d r y  

N2 and o t h e r  gases - 
CO - Vol. % d r y  _ _  

Vol. % d r y  

V i s i b l e  emissions a t  c o n t r o l  0 
system d ischarge - % o p a c i t y  

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

Probe and ' f i l t e r  c a t c h  

gr /MCF 
gr/ACF 

l b / h r  

1 b/Mw- h r  

T o t a l  c a t c h  

gr/DSCF 

gr/ACF 

1 b /h r  

1 b/Mw-hr 

Reference 1 5 ,  

0.0166 
0.0153 
0.31 
0.0180 

0.0189 
0.0173 
0.35 
0.0204 

240 
lG.8 

2231 
275 
0.0 
2.4 
0.2: 

97.4 
_ _  

0 

0.0448 
0.0325 
0.86 
0.0510 

0.0514 
0.0373 
0.98 
0.0585 

2411 
18.0 

2037 
114 

10.7 
2.0 
0.5 

97.5 

0 

0.0354 
0.6293 
0!62 
0.0344 

0.0383 
0.0317 
0.67 
0.0371 

249 
18.4 

2532 
123 

10.1 
2.8 
0 .3  

96.9 
_ _  

0 

0.0311 
0.0256 
0.68 
0.0367 

0.0334 
0.0274 
0.73 
0.0394 

2689 
119  
6 .8  
3 . 3  
0 . 3  

96.4 

0 

0.0316 
0.0274 
0.73 
0.0374 

0.0365 
0.0315 
9.84 
0.0431 

Average 

24 0 
18.0 

2332 
145 
6 .6  
2.4 
0.4 

97.2 
-- 

0 

0.0319 

0.0260 
0.64 
0.0355 

0.0357 
0.0290 
0.71 
0.0397 
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Table 26 
FACILITY 5 

SUMEV~KY OF VISIBLE EMISSIONS(') 

uate: i u i a i n  - i o i g i 7 3  

Type o f  P lan t :  
Type o f  oiscl iarge: F la re  Dis tance form Observer t o  discharge Po in t :  1 8  f;ctt?O,,f) 
Locat ion o f  uischarq?: 
dc ig i i t  o f  Po in t  of u isc i iarg?:  -100 ft. 

oesc r ip t i on  o f  dacrgrourid: Sky 

description of Sky: 

Wind J i r e c t i o n :  Var ied i l i n d  V e l o c i t y :  0 t o  2 mi lh r  

Lalor o f  Plum?: V i s i b l e  emissions were read a t  the t i p  
o f  t he  f l a w .  

In ter ference o f  Steam Plum?: ;(one 

dura t i on  of  JDsJPvation: 

Sealed, Submerged H ~ C  High Carbon Fe r roch row Furnace 

Stack,. Ex'iaust From 
daghouse 

He igh t  o f  Observation Po in t :  

D i r e c t i o n  of  Jbserver from Jischarge P o i n t :  

Ground l e v e l  
Northwest 

i i ) in i73 - Overcast 
1019173 - Clear 

Oetached Plume: 

1~18173  - 12:40 p.m. t o  12:52 p.m. and 2:13 p.m. t o  2:25 p.n. (24 minutes) 
1019173 - 9:OO a.m. t o  12:30 p.m. ( 3  hr. 30 min.) 

summary o f  uata:(') 
"pacity, Tota l  T i m  tqual t o  or Greater 
Percent Than Given Opacity 

Sec. - iiin. - 
Opacity, 
Percent Than Given Opacity 

Sec. 

Tota l  Tim Equal t o  or Greater 

- Min. - 
Emissions werd 0 percent  opac i t y  55 

KO 10 throughout the observat ion 
13 periods. 65 
2u 70 

30 dO 
3) 85 

90 
95 

40 
w, 
5U 100 

5 

2b 75 

Skr tc l l  S l m i n g  HOW Opacity Varied W i t n  Time: 

I I L 
I 2 1 4 

0 L----++ io/anP : 10/9/13 
TIME, hmrr 

( l  )observer  n o t  q u a l i f i r a :  

(2)Heaoingr were made concur ren t l y  w i t h  q u a n t i t a t i v e  emission measurements. See Table 25. 
Reference 15. 
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Table 27 
FACILITY T 

Sumnary o f  R s u i  t s  

Run Number 
Date 

1 2 
9/21/71 9/22/71 

Test Time-minutes 360 
Average Power Input-  32.2 
. megawatts 
Stack E f f l u e n t  

Flow r a t e  - DSCFM 148,400 
Temperature - O F  21 9 
Water vapor - Vol. % 8.4 
C02 - Vol. % d r y  1 .6  

20.2 
CO - Vol. % dry 
O2 - Vol. % d r y  

N2 and o t h e r  gases  - 
Vol. % dry  78.2 

V i s i b l e  emissions a t  c o n t r o l  

P a r t i c u l a t e  Emissions (1)  

<5 ( 2 )  
system d i scha rge  - % o p a c i t y  

Probe and f i l t e r  c a t c h  

gr/DSCF 0.0286 
gr/ACF 0.0207 
lb /h r  36.3 
lb/Mw-hr 1 .13 

Total  c a t c h  

gr/DSCF 
gr/ACF 
l b / h r  

0.0310 
0.0224 
39.4 

lb/Mw-hr 1.22 

360 
3 3 : 4  

159,300 
21 7 

9.5 
2.4 

19.8 

77.8 
<20 - 

0.0091 6 
0.00656 

12.5 
0.37 

0.0115 
0.00824 

15.7 

0.47 

3 
9/23/71 

360 
32.5 

161,030 
21 5 
8 . 9  
2 . 2  

19.4 

78.4 

<20 - 

0.01 032 
0.00748 

14.2 
0.44 

0.01247 
0.00904 

17.2 

0.53 

Average 

360 
32.7 

156,130 
21 7 
8.9 

19.8 
2.1 

78. 

< 20 - 

0.3160 
0.0116 

21 .o 
0 .65  

0.0183 
0.0132 

24.1 

0.74 

( 1 )  P a r t i a l  c o l l e c t i o n  o f , t a p  fumes e x i s t s .  
furnace gas  and i s  c o n t r o l l e d  by t h e  same con t ro l  device as the  furnace 
gas.  

Based on one five minute Veriod o f  observat ion during run  1 .  

Col lected t ap  fume i s  added t o  the  

(2 )  

Reference 16 
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Tab le  28' 

Sumnary of Resul ts  
FACILITY U (1) 

Run Number 1 2 3 4 5 

Date 10/10/73 10/10/73 10/13/73 10/14/73 10/14/73 

Tes t  Time-minutes 300 300 300 300 300 

.Ayerage Power I n p u t -  14.9 15.3 15.5 15.1 14.4 
megawatts 

Stack E f f l u e n t  
~l~~ rate - O S C F M ' ~ )  62540 60630 57700 551 20 58160 

Temperature - OF(3) 489'  496 480 489 450 
Water vapor - Vol.  % 2.3 2.2 3.3 2.9 2.4 

O2 - Vo l .  % d r y  19.9 19.8 20.1 20.1 19.8 

CO - Vol .  % d r y  

C02 - Vol. % d r y  3.0 2.9 2.6 2.6 3.5 

_ _  -- -- _ _  _ -  
N2 and o t h e r  gases - 77.1 77.3 77.3 77.3 76.7 

Vo1. % d r y '  - 

Average 
_ _  

300 
15.0 

58830 

481 
2.6 
2.9 

19.9 
_- 

77.1 

V i s i b l e  emissions a t  c o n t r a  0 0 0 0 0 

P a r t i c u l a t e  Emissiorrs (4 )  
system d i scha rge  - % o p a c i t y  

Probe and f i l t e r  c a t c h  

gr/OSCF . 0.00126 O.OQ113 0.00066 0.00073 0.00138 0.00103 

gr/ACF o.00069 o.ooo6i 0.00036 0.00039 o.00078 0.00057 

1 b/ h r  0.675 0.585 0.328 0.343 0.686 0.523 

1 b/Mw-hr 0.0453 0.0382 0.0212 0.0227 0.0476 0.0350 

T o t a l  c a t c h  

g r/ DS C F 0.00552 (1.00931 0.00517 0.00552 0.006oo 0.00690 

gr/ACF 0.00303 0.00509 o.oo279 0.00~97 0.00338 0.00345 

1 b/hr  2.73 4.84 2.55 2.60 2.99 3.14 
1 b/Mw-hr 0.183 0.316 0.165 0.172 0.208 0.209 

(1) One stack o f  t h ree  on the baghouse was sampled. 
measured on the  o the r  two. 

Gas f low r a t e s  were 

(2 )  T o t a l  f rom baghouse. 
(3 )  Of s tack sampled. 
(4 )  Inc ludes c o n t r o l l e d  t a p  fumes which a r e  captured by  the  tapping hood. Mass 

emissions were c a l c u l a t e d  as t h e  p roduc t  o f  t he  concen t ra t i on  measured on one 
s tack and t h e  t o t a l  gas f low. 

Reference 17. 
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Table 29 
FACILITY U 

SUMMRRY OF VISIBLE E M I S S I O i i S  

Date: 10110173 aiid 10/14/73 

Type o f  P l a n t :  

Type o f  i i s c n a r g e :  3 s tacks Dis tance from Observer t o  Uischarge P o i n t :  20 t o  30 ft. 

i l e ig t i t  o f  P o i n t  o f  Uischarge:lOO ft. 

Llescr' ipf iol i  of Background: .. Observat ions were made 

Submerged Arc i l i g h  Carbon Ferrochrome Furnace 

Loca t ion  of  d ischarge:  Baghouse H e i g h t  o f  Observat ion P o i n t :  go. t o  100 ft. 
U i r e c t i o n  of  r rbserver  from Uiscliarge, Poi,nt:  Var ied 

a g a i n s t  t h e  dark background 
o f  d i s t a n t  mountains and 
a g a i n s t  t he  sky a t  va r ious  
t imes. 

Var ied fmm c l e a r  t o  p a r t l y  c l o u d l y .  d e s c r i p t i o n  o f  Sky: 

Aind d i r e c t i o u :  Va r iab le  Wind V e l o c i t y :  0.9 t o  11 m i l l i r  
i u l o r  O f  Plume: Detached Plume: ilo 
I n t e r f e r e n c e  o f  Steam Plume: :lone 

du ra t i on  o f  ubse rva t i on :  10/111/73 - 7 ihrs. 

S u m r y  o f  uata: 

10/14/73 - 5 314 h r s .  

Opaci ty ,  T o t a l  T i m  Equal t o  o r  Grea te r  Opaci ty ,  T o t a l  T i m  Equal t o  o r  Greater  
Percent  Than Given Opaci ty  Percent  Than Given Opaci ty  

sec. - Eiin. - See. - Min. - 

.. 
3U 
3s 
411 
4s 
5; 

Sketch Shar ing H O W  O2aci ty  Va r ied  W i t "  T i m :  

55 
60 
6S 
70 
75 
80 
85: 
90 
9 s  

100 

- 1  I 

I I I I I /  I I I I I 
0 2 4  6 8  " 0  2 4 6 8 

TIME, hpvrr 
I O i l O i 7 3  lOflln3 
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Table 30 
FACILITY V 

SUMWW $F VisiaLE E M I S S ~ O ~ ~ ~ ~  

u*te: 2/26/74 

Type of  P lan t :  
Type of Lliscilargu: Moni tor  Dis tance from i jbservsr  t o  r i ischarge Po in t :  "900 ft. 
t o c a t i o l i  of Uischarge: Top of Baghouse Height  o f  Observation Po in ts :  and 20 ft. 

i i e i g h t  of p o i n t  o f  di:c;iargL: -60 ft. 

l l e r c r i p t i u n  o f  aac lgr iund:  Sky 

Su"riEPged-4Pc S i  licomanganese Furnace 

2 laces used] 
D i r e c t i o n  o f  Observer from uischarge Po in t :  k h e a s t  

desc r ip t i on  of Sky: i n i t i a l l y  overcast, b u t  
c l e a r  by about 11:30 a.m. 

blind d i r e c t i o i l :  From South 

Lolor o f  Plume: UPOWll 

h i te r fe re r i ce  o f  Steam Plum.:: .lone 
uura t i on  of Observatiot l :  10:20 a.m. t o  4:20 p.m 

s d m r y  o f  data: 

(36O minutes) 

Opacity, Tuta l  Time Equal t o  or Greater 
P r r c r i l t  Tnan 6 i  ven Opacity 

% % .. 
275 0 
Id3 0 

14 30 
1 30 
0 0 

10 

0 

: i ind Ve loc i t y :  0 t o  5 m i l h r  

Detached Plunie: No 

Opacity, Tota l  T i n e  Equal t o  or Greater  
Tnan Given Upaci t y  

see. - Min. - 
55 
60 
65 .~ 
78 
75 
80 
85 
90 
95 

1 W  

I I I I I I 
I 2 1 4 5 6 

TIME. houri 

("Two ouservers niddi simultaneous reaaings. The grea te r  of t h e i r  readings was used. R e l a t i v e l y  h i g h  

(2 ' iverage values fu r  3-minute per iods were p l o t t e d .  

References 13 and Id .  

v i s i b l e  emissions are c r e d i t e d  t o  numerous smal l  leaks i n  bags. 
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Table 31 

FACILITY V 
SUMMARY OF VISIBLE EMISSIONS(') 

bate: 2/26/74 
Type o f  P l a n t :  Submerged-Arc Si l icomanganese Furnace 
Type o f  u i s c n a r y r :  F u w  escaping Tapping Hood/Distance from Observer t o  Oischarge P o i n t :  

l l e i g l i t  o f  P o i n t  o f  J i xcha rge :  5 ft. 
D e s c r i p t i o n  o f  Backgrmnd:  Readings were made i n s i d e  t h e  furnace 

b u i l d i n g  a g a i n s t  a background of t h e  
furnace and va r ious  o t h e r  su r faces  
beh ind  t h e  hood. 

40 f t  
Loca t ion  u f  d i scna rg? :  Tapping Hood H e i y h t  o f  Observat ion P o i n t :  0 ft. 

D i r e c t i o n  o f  Observer f rom Oischarge P o i n t :  Eas t  

U e s c r i p t i o n  of Sky: No t  A p p l i c a b l e  
Wind u i r e c t i o n :  (done Wind V e l o c i t y :  None 
Color o f  Plume: Brown Detached Plume: l o  
I n t e r f e r e n c e  o f  Steam Plume: None 

Uura t i on  o f  Observa t i , i n :  Two taps o f  19 and 30 minutes d u r a t i o n ,  r e s p e c t i v e l y .  
obse rva t i on .  

T o t a l  o f  49 minutes of 

Sumnary o f  data:  
Opaci ty ,  ro ta1  Time Equal t o  o r  Grea te r  O p a c i t y  , T o t a l  Time Equal t o  or Grea te r  
-. Than Given Opaci ty  Pe rcen t  Tnan Given Opaci ty  

Sec. - Min. - IMi n . - See. - 
1u 5 

20 13 

23 
30 
35 
40 
45 
50 

14 
IO 
5 
2 
2 
2 
2 
2 
1 
1 

30 
0 

15 
30 
0 
0 
0 
0 

45 
30 

Sketcn S i l w i l i y  dow j p d c i t )  Va r ied  Wi th T i m :  (2) 

55 
60 
65 
70 
75 
80 
85 
90 
95 

100 

0 
0 
0 

45 
30 
0 

(FIRST TAP) (SECOND TAP) 
TIME, minuter 

( ' h a  observers niide s in iu l  taneous read ings .  The g r e a t e r  o f  t h e i r  read ings  i s  repo r ted .  

(Z)-i;,r t a p  liood Liaj m o v 4  as ide  f o r  t h e  l a s t  45 seconds of t h e  second m inu te  and the f i r s t  45 seconds of the 

Referelices 1 3  and 16. 49 
13 th  mi , iur r  o f  did observa t i ons  d i l r i n g  t h e  f i r s t  t ap .  



F a c i l i t y  V 

Summary of  Resul ts  

(V i s ib l e  emissions only)  

Vis ib le  emissions were read a t  t h i s  f a c i l i t y  on February 26, 1974. 

Vis ib le  emissions fran the  baghouse monitor d i d  not exceed 25 percent 

opac i ty ,  b u t  v i s i b l e  emissions occurred q u i t e  s t e a d i l y  a t  5 t o  15 percent 

opaci ty  throughout the 6 hours of  readings.  

emissions ( f o r  a baghouse) a r e  a t t r i b u t e d  t o  numerous small l eaks  i n  the 

bags.  

Two compartments were q u i t e  dusty on the  clean s i d e ,  and a t h i r d  was 

not iceably so. 

These r e l a t i v e l y  high v i s i b l e  

The baghouse was inspec ted ,  and severa l  minor bag leaks were found. 

V i s ib l e  emissions from the roof monitor of the b u i l d i n g  reached a 

maximum of 15 percent  opac i ty ,  b u t  were g r e a t e r  than 0 percent  opac i ty  f o r  

l e s s  than 8 minutes during t h e  s ix-hour  observat ion.  

The furnace hood was observed f o r  about 1 1 / 2  hours ,  and furnace 

hood capture e f f i c i e n c y  was cons i s t en t ly  es t imated as 100 percent .  

Two tapping periods were observed, and v i s i b l e  emissions which 

escaped t h e  t a p  hood were read.  

was moved away twice f o r  unknown reasons; f i r s t ,  for about 45 seconds d u r i n g  

the second minute of t h e  t a p ,  and,, secondly,  for about 45 seconds d u r i n g  

the  t h i r t e e n t h  minute of the t a p .  

escaping the  tapping hood ranged from 25 t o  60 percent opac i ty  d u r i n g  the 

f i r s t  two minutes while the tapping hood was i n  place.  

During the f i r s t  t a p  per iod,  the hood 

Dur ing  t h e  f i r s t  t ap ,  v i s i b l e  emissions 

Thereafter, visible 
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emiss ions  d i d  n o t  exceed 20 p e r c e n t  o p a c i t y  (one r e a d i n g )  and were 0 p e r c e n t  

o p a c i t y  most o f  t h e  t ime.  

second tap .  Our ing  t h e  second tap ,  maximum v i s i b l e  emiss ions  escap ing  

t h e  t a p p i n g  hood d i d  n o t  exceed 15 p e r c e n t  o p a c i t y ,  and were 0 p e r c e n t  

o p a c i t y  most o f  t h e  t ime .  

The t a p p i n g  hood was i n  p l a c e  th roughou t  t h e  

I 

References 13  and 18. 
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Table 32 

FACILITY W 

SUMMARY OF VISIBLE EMISSIONS 
( ' 1  

Uate: 2/22/74 

Type of Plant:  
Type of Oiscilarge: Monitor Distance from Observer t o  Discharge Point :  %500 ft. 

Height of Point  o f  Discharge: 
Uescr ipt ion o f  Background: Sky 

Submerged Arc S i l i con  Metal Furnace 

Location o f  a i  scharge: Top of Baghouse Height o f  Observation Po in t :  20 ft. 

*75 ft. D i rec t i on  of Observer from Discharge Point :  South 

Descr ipt ion of Sky: i a r i a o l e  s ~ j  conoi t ions ranging from loa  dark clo~os to c lea r .  
ranging f rom l i g n t  t o  neavy. 
accwate  v i s i b l e  emission readings are omit teo from t m s  smnary.  

8or.e r a i n  
i imes dnen weather conair ions pron io i ted  

Wind U i rec t ion :  Varied, from West Wind Ve loc i t y :  

Color o f  Plume: White 

Interference o f  Steam Plume: None 

Duration of Observation: 4 h r ,  28 min. 

Detached Plume: and North 

Sunmary o f  aata: 

Opacity, 
Percent 

5 
10 
15 
2Q 
25 
30 
35 
40 
45 
50 

Total  Time Equal t o  or  Greater 
Than Given Opaci t v  

Sec. MA. - 
30 7 

5 30 
0 0 

Sketch Showing Mow Opacity Varied With Time: 

Opacity, 
Percent Than Given Opacity 

Total Time Equal t o  o r  Greater 

Min. -. 
55 
60 

_ _  Referelices 13 and 19. 

5 2  

b15 to  25 m i lh r  

No 

._  
80 
85 
90 
95 

100 

1 

1 2 3 4 
TIME, hours 

Tdo observers made simultaneous readings. The grea ter  of t h e i r  readings i s  reported. 



Facili ty W 

Sumnary of Results 

(Visible emissions only) 

Visible emissions were read a t  t h i s  f a c i l i t y  on February 22 ,  1974. 

Visible emissions from the baghouse monitor were observed for  6 hours, 

b u t  during th i s  time, there were several periods when weather conditions, 

o r  fume from uncontrolled furnaces made reading vis ible  emissions impossible. 

Ouring the time readings were possible, v i s ib l e  emissions from the baghouse 

monitor did n o t  exceed 10 percent opacity and were 0 percent opacity most 

of the time. 

end of the baghouse monitor. 

bags were observed. 

the observations were being made. 

When vis ible  emissions did occur, they were localized a t  one 

On inspection of the baghouse, some leaking 

Eight bags in two compartments were replaced while 

An uncontrolled furnace existed in the same building as the controlled 

furnace. 

from tapping tne uncontrolled furnace or from pouring of the al loy.  

emissions from the building monitor were observed a t  u p  t o  20 percent 

opacity, b u t  the building monitor was obscurred most of the time by dust 

from uncontrolled furnaces. 

Visible emissions from the building roof monitor probably resu l t  

Visible 

The furnace hood was observed for  30 minutes, and the furnace hood 

capture efficiency was estimated t o  be 100 percent. 

The tapping hood was observed for  par t  of one tap, and i t  appeared t o  

achieve complete collection of the tapping fume. 

References 13 and 19. 
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