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SECTION 1.0 

1NTW)DUCTION 

An i n t e n s i f i e d  e f f o r t  has  occurred i n  the l a s t  3 years  t o  update t h e  i r o n  
and s t e e l  indus t ry  p a r t i c u l a t e  emission f a c t o r s  presented i n  AP-42 and t o  add, 
f o r  the f i r s t  time, f u g i t i v e  source emission f ac to r s .  The emission f a c t o r s  i n  
Ap-42 f o r  the i r o n  and s t e e l  indus t ry  a r e  da ted  Apr i l  1973.- 1/ 

The i n t e n s i f i e d  e f f o r t  began i n  August 1975 when Gary McCutchen of the  
Environmental P r o t e c t i o n  Agency's (EPA's) Emission Standards and Engineering 
Division (ESED), Off ice  of A i r  Qual i ty  Planning and Standards (OAQPS) compiled 
a t ab le  of p a r t i c u l a t e  p o i n t  and f u g i t i v e  emission f a c t o r s  f o r  e i g h t  gener ic  
c a t e g o r i e s  of sources. By March 1976, a t a sk  force  c o n s i s t i n g  of t h e  American 
I r o n  and S t e e l  I n s t i t u t e  (AISI) Fugi t ive  Emi.ssion Committee and s p e c i f i c  EPA 
personnel had been formed a t  ' the  request  of t h e  d i r e c t o r  of OAQPS. 

I n  J u l y  1976, AISI presented a c p i l a t i o n  of p a r t i c u l a t e  source test 
da ta  performed a t  A I S I  member p l a n t s . 2  This  compilation and i t s  support  docu- 
mentation provided s i g n i f i c a n t  new tes t  d a t a  and became t h e  foca l  p o i n t  of 
d i scuss ions  f o r  t h e  following 2 years.  From l a t e  J u l y  u n t i l  November 1976, 
P e t e r  Westlin, Test  Support Section, OAQPS, reviewed the  support  d a t a  and cor- 
responded with B i l l  Benzer of A I S I  t o  acquire  a d d i t i o n a l  information necessary 
t o  w a l u a t e  the  AISI compilation of t e s t  r e s u l t s .  By mid-November, M r .  Westl in 
had se lec ted  a major por t ion  of t h e  t e s t s  presented i n  t h e  AISI compilation 
a s  acceptable.  The t a s k  f o r c e  d iscuss ions  s i n c e  November 1976 centered mainly 
on t h e  development of a methodology which would r e s u l t  i n  s i n g l e  emission fac-  
t o r  va lues  t o  represent  each process  s tack,  process  fug i t ive ,  and open dus t  
source. 

I t  i s  t h e  o b j e c t i v e  of t h i s  r e p o r t  t o  p r e s e n t  the  resu l t s  of t h i s  d a t a  
gather ing and a n a l y s i s  e f f o r t .  The r e p o r t  i s  d iv ided  i n t o  t h r e e  major areas .  
F i r s t ,  background information w i l l  be presented r e l a t e d  t o  t h e  processes  i n  
the  i r o n  and s t e e l  i n d u s t r y  along with a process  flow c h a r t .  Second, a l l  of 
the p a r t i c u l a t e  source test d a t a  w i l l  be presented  and s m a r i z e d  i n  c h a r t  
form. Third, t h e  methodology f o r  s e l e c t i n g  s i n g l e  source s p e c i f i c  emission 
f a c t o r s  and t h e  r e s u l t i n g  p a r t i c u l a t e  emission f a c t o r s  w i l l  be Presented. 

1 



A l l  of t h e  p a r t i c u l a t e  emission source t e s t  d a t a  t h a t  were i n  t h e  posses- 
s ion  of t h e  EPdAISI t a s k  f o r c e  on June 1, 1979, have been included i n  t h e  
eva lua t ion  and emission f a c t o r  development. If you, a s  the  reader,  f e e l  you 
a r e  i n  possession of documented source t e s t  d a t a  t h a t  would f u r t h e r  enhance 
t h e  understanding of emissions from processes  within t h e  i r o n  and s t e e l  in-  
dustry,  p l e a s e  send a copy t o  t h e  present  EPA t a s k  coordinator :  

Charles C. Masser (MD-14) 
Environmental Pro tec t ion  Agency, OAQPS 

Monitoring and Data Analysis Division 
Research Triangle Park, North Carolina 27711 

. 

As with a l l  average o r  " typical"  emission f a c t o r s ,  they a r e  obtained from 
a wide range of d a t a  of vary ing  degrees of accuracy. The reader  must be cau- 
t ioned not  t o  u s e  t h e s e  emission f a c t o r s  indiscr iminately.  That i s ,  t h e  f a c t o r s  
g e n e r a l l y  may not  y i e l d  p r e c i s e  emission es t imates  f o r  an ind iv idua l  i n s t a l l a -  
t ion .  Only  o n - s i t e  source t es t s  can provide d a t a  s u f f i c i e n t l y  accura te  and pre- 
c i s e  t o  determine a c t u a l  emissions f o r  t h a t  source. W s s i o n  f a c t o r s  a r e  most 
appropr ia te  when used i n  d i f f u s i o n  models f o r  t h e  es t imat ion  of t h e  impact of 
proposed new sources upon t h e  ambient a i r  q u a l i t y  and f o r  community o r  nat ion-  
wide a i r  p o l l u t i o n  emission estimates.  

This r e p o r t  represents  t h e  combined e f f o r t s  of EPA and s t e e l  industry 
exper t s  t o  e s t a b l i s h  reasonable  p a r t i c u l a t e  emission f a c t o r s  with ranges f o r  
a l l  known s tack  and f u g i t i v e  sources wi th in  an i n t e g r a t e d  s t e e l  m i l l .  The EPA 
t a s k  coord ina tor  wants t o  thank t h e  AIS1 Fugi t ive h i s s i o n  C o d t t e e ,  t h e  EPA 
ESED, t h e  I n d u s t r i a l  Environmental Research Laboratory (IERL), Research Triangle 
Park, t h e  Enforcement Division of the  EPA Regional Off ices ,  and t h e  EPA Division 
of S ta t ionary  Source Enforcement i n  Washington, D.C., f o r  t h e  d a t a  and review 
c m e n t s  which r e s u l t e d  i n  t h i s  report .  

L 
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SECTION 2.0 

BACKGROUND 

P a r t i c u l a t e  emission sources i n  t h e  i r o n  and s t e e l  indus t ry  can be gener- 
i c a l l y  c l a s s i f i e d  a s  ( a )  process s tack  emission sources, ( b )  process  f u g i t i v e  
emission sources,  and ( c )  open d u s t  sources.  Process s t a c k  emissions a r e  any 
emissions exhausted t o  t h e  atmosphere through a s tack  duct,  o r  f lue .  Process 
f u g i t i v e  emissions and open dus t  sources  a r e  both def ined a s  any emissions not 
enter ing t h e  atmosphere frcm a duct ,  s tack ,  o r  f lue .  Open d u s t  sources t r a d i -  
t i ona l ly  have included ( a )  vehicu lar  t r a f f i c  on paved and unpaved roads, ( b )  
raw m a t e r i a l  handling outs ide  of bu i ld ings ,  and ( c )  wind eros ion  from s torage  
p i l e s  and exposed t e r r a i n ,  while a l l  o t h e r  nonducted sources have been c l a s s i -  
f i ed  a s  process  f u g i t i v e  emissions. 

Figure 1 por t rays  a process  flow diagram f o r  a r e p r e s e n t a t i v e  i n t e g r a t e d  
i ron  and s t e e l  p lan t .  Industry-wide m a t e r i a l  flows a r e  presented i n  Figure 2. 
The Appendix presents  t yp ica l  m a t e r i a l  quant i ty  conversion f a c t o r s  u s e f u l  i n  
c a l c u l a t i n g  m a t e r i a l  flows. 

Table 1 shows t h e  main sources of p a r t i c u l a t e  emissions i n  t h e  i n t e g r a t e d  
i ron  and s t e e l  industry.  Not a l l  sources a r e  l i s t e d ,  but those of most common 
i n t e r e s t  a r e  shown. Such sources a s  dry quenching, hot  metal  d e s u l f u r i z a t i o n ,  
and argon-oxygen decarbur iza t ion  w i l l  no t  be considered, s i n c e  l i t t l e  or no 
data  a r e  c u r r e n t l y  ava i lab le .  

2 .1  BY-PRODUCT COKE OVEN PROCESS 

Coking i s  t h e  process  of hea t ing  coa l  i n  an atmosphere of low oxygen 
content,  i.e., d e s t r u c t i v e  d i s t i l l a t i o n .  During t h i s  process,  organic  com- 
pounds i n  t h e  coa l  break down t o  y i e l d  gases  and a res idue  of r e l a t i v e l y  
nonqola t i le  nature. 

The i n t e g r a t e d  i r o n  and s t e e l  indus t ry  produces coke using t h e  by-product 
process. This process  w i l l  not  be found a t  p l a n t s  which produce s t e e l  only 
v i a  t h e  e l e c t r i c  a r c  furnace  process. P l a n t s  producing s t e e l  v i a  the  b a s i c  
oxygen furnace o r  open h e a r t h  furnace process  w i l l  normally have a coke p l a n t  
but t h i s  i s  not always t h e  case s i n c e  some p l a n t s  have t h e i r  coke brought i n  
by r a i l  or barge. 

3 
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TABLE 1. PARTICULATE EMISSION SOURCES I N  THE IRON AND STEEL 
INDUSTRY 

Ll. s i n t a r  p1ancs 

in .  314.1 furnace, 

' ill. Scarhri i  

II. V e h i c l e s  

* C h a r g i n g  oi coa l  
* Oven door Leaks 
* Cora p u s h i n g  
* ilsc c o k e  q u e n c h i n g  
* Oven combustion stacks 
f C o a l  P r e h e a t i n g  
* Tapaide Leaks 

f ':indbox 
* D i s c h a r g e  (crurhar and hoc  

screen, 
* c 0 0 1 c r  
* cold  screen 

Coal  tunloading from r a i l  or  
barge 
Coal 9tOc.g. p i l e  l o a d - i n  
Coal 'icoraga p i l e  load-ouc. 
Coal 3roraqe p l l e  vind erosion 
Coal Col lLy~yOc ir.",fcr rc . t ions  

Sinter  p l a n t  i m u c  p i l e  load-ia 
Sinrc :  plant input p i l e  load-0°C 
s i n t e r  p l a n t  inpuc  p i l e  vind 
erL-310" 

m a r g i n g  
Steel r e f i n i n g  m d  m e l t i n g  !scrap pre- 
heat, O? bluuinq, : u r n d o ~ ~ l  
s l a g  dumping 
S c e e l  capping 
Teeming 
5c:ap c h i r g i n q  
S t e e l  r e f i n i n g  and m e l t i n g  
81.3 iumping  
Stee l  Capping 
Teeming 
301 mera1 cranreer co 
c h a i g l n g  Ladle 
S c r i p  and/or h o t  n e c a i  
c h a r g i n g  
steel r e f i n i n g  and X e l c i n g  
Slag dumping and . tee1 

t w i n s  
reeming 
!land scar f ing  
x a c h i n s  scarfing 

Bailer, 
S o a k i n g  p i i s  
Rehenc furnace3 

* T r a f f i c  on paved and unpaved 
roads 

L 
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,. 

The by-product process  i s  or iented toward t h e  recovery of t h e  gases pro- 
duced during t h e  coking cycle.  The rec tangular  coking ovens a r e  grouped to- 
ge ther  i n  a s e r i e s ,  a l t e r n a t e l y  in te rspersed  with heat ing f l u e s ,  c a l l e d  a 
coke ba t te ry .  Coal i s  charged t o  t h e  ovens through por t s  i n  t h e  top, which 
a r e  then sealed.  Heat i s  supplied t o  t h e  ovens by burning some of t h e  coke 
gas produced. Coking i s  l a r g e l y  accomplished a t  temperatures of 1100 
1150'C (2000° t o  2100'F) f o r  a period of about 16 t o  20 hr. A t  the  end of t h e  
coking period, t h e  coke i s  pushed from t h e  oven by a ram and cooled by quench- 
ing with water o r  v i a  a dry quenching process. 

2.2 SINTERING PROCESS 

0 t o  

S in te r ing  provides a method of agglomerating t h e  f i n e - s i z e d  raw m a t e r i a l s  
t h a t  a r e  input  t o  t h e  b l a s t  furnace.  This reduces t h e  occurrence of "bridging" 
i n  t h e  b l a s t  furnace and t h e  subsequent occurrence of b l a s t  furnace s l i p s .  

S i n t e r i n g  i s  the  process  of f u s i n g  f i n e  i r o n  ore, coke, f luxs tone ,  m i l l  
0 scale ,  coke, and f l u e  d u s t  a t  temperatures between 1300 

2700°F). The s i n t e r  bed i s  i g n i t e d  on t h e  top  sur face  i n  t h e  furnace. The 
combustion f r o n t  i s  propagated a s  t h e  windboxes draw a i r  down through t h e  bed. 
The fused s i n t e r  i s  discharged from t h e  end of t h e  s i n t e r  machine where it i s  
crushed and screened. The l a r g e r  m a t e r i a l  i s  cooled and screened again before  
being input  t o  t h e  b l a s t  furnace. 

and 148OoC (2400' and 

2.3 IRON MANUFACTURING PROCESS 

~ ~ F e ~ ~ e ~ i n - b - l - a s r ~ m a c e s ,  which a r e  large re f rac tory- l ined  
chambers i n t o  which i r o n  i n  t h e  form of n a t u r a l  ore,  or agglomerated pro- 
duc ts  such a s  p e l l e t s  o r  s i n t e r ,  coke, and l imestone a r e  charged and allowed 
t o  r eac t  with l a r g e  amounts of hot a i r  t o  produce molten i ron.  Slag and b l a s t  
turnace gases a r e  by-products of t h i s  operation. The production of 1 u n i t  weight 
of i ron  r e q u i r e s  an average charge of 1.7 u n i t  weights of i r o n  bearing charge, 
0.55 u n i t  weight of coke, 0.20 u n i t  weight of limestone, and 1.9 u n i t  weight of 
air. Blast  furnace by-products c o n s i s t  of 0.3 u n i t  weight of s lag ,  0.05 u n i t  
weight of f l u e  dus t ,  and 3.0 u n i t  weights of gas per u n i t  of p i g  i r o n  produced. 
The coke used i n  t h e  process  i s  produced i n  by-product coke ovens. The f l u e  
dust  and o t h e r  i r o n  a r e  f i n e s  from t h e  process  a r e  converted i n t o  u s e f u l  b l a s t  
furnace charge v i a  s i n t e r i n g  operations.  

2.4 BASIC OXYGEN FURNACES 

The b a s i c  oxygen process i s  employed t o  produce s t e e l  from a furnace 
charge composed, on t h e  average, of 70% molten b l a s t  furnace metal  and 30% 
scrap metal  by use of a stream of commercially pure oxygen t o  o x i d i z e  t h e  
impur i t ies ,  p r i n c i p a l l y  carbon and s i l i con .  Cycle time f o r  t h e  b a s i c  oxygen 
process ranges from 25 t o  45 min. 
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Most of t h e  b a s i c  oxygen furnaces (BOF) i n  t h e  United S t a t e s  have oxygen 
blown through a lance  i n  t h e  top of t h e  furnace. However, t h e  +BOP which i s  
growing i n  use, has oxygen blown through tuyeres  i n  t h e  bottom of t h e ,  
furnace. 

There i s  much CO produced by t h e  r e a c t i o n s  i n  t h e  furnace. This CO can 
be combusted a t  t h e  mouth of t h e  furnace  and then vented t o  gas  c leaning de- 
v i c e s  a s  i s  t h e  case with t h e  open hood, o r  t h e  combustion can be suppressed 
a t  t h e  furnace mouth a s  i s  t h e  case with the  closed hood. The term "closed 
hood" i s  a c t u a l l y  a misnomer s ince  t h e  opening i s  l a r g e  enough t o  a l low approx- 
imately 10% t h e o r e t i c a l  a i r  t o  en ter  a t  t h e  furnace mouth. Nearly a l l  t h e  
Q-BOPS i n  the United S t a t e s  have c losed  hoods and most of the new t o p - b l a m  
furnaces  a re  being designed w i t h  c losed hoods. Most of the furnaces  i n s t a l l e d  
p r i o r  t o  1975 were of the open hood design. 

2.5 ELECTRIC ARC FURNACES 

4 

E l e c t r i c  a r c  furnaces  ( E M )  a r e  used  t o  produce carbon, a l loy ,  and s t a in -  

) 
i 

less s t e e l .  A l l  t h e  s t a i n l e s s  s t e e l  made i n  t h e  United S ta t e s  i n  1976 was v i a  
e l e c t r i c  a r c  furnaces.  Cycles range from 1 - 1 / 2  t o  5 h r  f o r  carbon s t e e l  and 
from about 5 t o  10 h r  o r  more t o  produce a l l o y  s t ee l .  

The charges t o  an e l e c t r i c  a r c  furnace  i s  near ly  always 100% scrap. Heat 
i s  furnished t o  melt  t h e  scrap normally v i a  d i r e c t - a r c  e lec t rodes  extending 
through t h e  roof of t h e  furnace. An oxygen lance  may o r  may not  be used t o  
speed t h e  melt ing and r e f i n i n g  process. 

2.6 OPEN HEARTH FURNACES 

In  t h e  open h e a r t h  furnace  (OHF), a mixture of sc rap  i r o n  and s t e e l ,  and 
hot metal (molten i r o n )  i s  melted i n  a shallow rec tangular  basin,  o r  "hearth." 
Burners producing a flame above the charge provide the hea t  necessary f o r  m e l t -  
ing. The mixture of sc rap  and hot metal  can vary from 100% scrap t o  100% hot 
metal  but 50% scrap and 50% hot  metal  i s  a reasonable industry-wide average. 
The process may o r  may not  be oxygen lanced and t h i s  e f f e c t s  t h e  process cyc le  
time which i s  approximately 8 h r  o r  10 hr ,  respect ively.  

2.7 SCARFING 

Scarf ing i s  a method of s u r f a c e  prepara t ion  of semi-finished s t e e l .  A 
s c a r f i n g  machine removes sur face  d e f e c t s  from t h e  s t e e l  b i l l e t s ,  blooms, and 
s l a b s  before  they  a r e  shaped o r - r o l l e d  by applying j e t s  of oxygen t o  t h e  sur-  
face of t h e  steel which i s  a t  orange hea t  thus  removing a t h i n  upper l a y e r  of 
t h e  metal by rap id  oxidat ion.  Scarf ing i s  normally performed by machine on hot  
semi-finished steel o r  by hand on cold o r  s l i g h t l y  preheated semi-finished 
steel. 

' 

- 
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2.8 MISCELLANEOUS COMBUSTION SOURCES 

Iron and s t e e l  p l a n t s  r e q u i r e  energy in t h e  form of hea t  or  e l e c t r i c i t y  
f o r  every p l a n t  operation. Some energy i n t e n s i v e  operat ions t h a t  produce par- 
t i c u l a t e  emissions on p l a n t  property a r e  b o i l e r s ,  soaking p i t s  and s l a b  f u r -  
naces burning such f u e l s  as  coal,  No. 2 f u e l  o i l ,  n a t u r a l  gas, coke oven gas,  
or, b l a s t  furnace  gas. 

In soaking p i t s ,  i n g o t s  a r e  heated such t h a t  t h e  temperature d i s t r i b u t i o n  

I 
\ 
l 
I 
, 

across  t h e  c ross -sec t ion  of t h e  i n g o t s  i s  acceptable  and t h e  sur face  tempera- 
t u r e  uniform f o r  f u r t h e r  r o l l i n g  i n t o  semi-finished products such a s  blooms, 
b i l l e t s ,  and slabs.  I n  s l a b  furnaces,  a s l a b  i s  heated before  being ro l l ed  
i n t o  f i n i s h e d  products  such a s  p l a t e ,  sheet ,  o r  s t r i p .  

2.9 OPEN DUST SOURCE PROCESSES 

As w a s  previously s t a t ed ,  open dus t  sources  inc lude  ( a )  vehicu lar  t r a f f i c  
on paved and unpaved roads, (b)  raw m a t e r i a l  handling outs ide  of bui ldings,  
and ( c )  wind erosion from s t o r a g e  p i l e s  and exposed t e r r a in .  

Vehicular t r a f f i c  c o n s i s t s  of p lan t  personnel and v i s i t o r  vehic les ,  p l a n t  
s e r v i c e  vehicles, and t r u c k s  f o r  haul ing raw m a t e r i a l s ,  p l a n t  deliverable?., 
s t e e l  products,  and waste mater ia l s .  

Raw m a t e r i a l  i s  handled by clamshell  buckets, bucket-ladder conveyors, 
r o t a r y  r a i l c a r  dumps, bottom r a i l c a r  dumps, front-end loaders ,  t r u c k  dumps, 
and a t  conveyor t r a n s f e r  s t a t i o n s .  A l l  these a c t i v i t i e s  d i s t u r b  t h e  raw mater- 
i a l s  and expose t h e  f i n e s  t o  t h e  wind. 

Even f i n e  m a t e r i a l s  r e s t i n g  on f l a t  a r e a s  or  i n  s t o r a g e  p i l e s  a r e  exposed 
t o  t h e  wind. It i s  not  unusual t o  have s e v e r a l  m i l l i o n  tons  of raw m a t e r i a l  
s tored  at  a p l a n t  nor  i s  i t  unusual t o  have i n  the  range of 10 t o  100 acres  of 
f l a t  exposed a r e a  a t  a p lan t .  These types  of sources  a r e  subjec t  t o  wind ero- 
sion. 

9 
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SECTION 3.0 

EMISSION FACTORS AND SWPOKL' DATA 

I 

This  s e c t i o n  p r e s e n t s  a l l  the known p a r t i c u l a t e  emission f a c t o r s  (EFs) 
appl icable  t o  i r o n  and s t e e l  indus t ry  sources  and a l s o  the d e t a i l s  of process  
opera t ion  and t e s t  methodology necessary t o  eva lua te  the  r e l i a b i l i t y  of the 
EFs.  A r e l i a b i l i t y  r a t i n g  i s  given t o  each EF based on the  following sca le :  

Rating d e s c r i u t i o n  

A EF was based on a sound test  methodology and a l l  test methodology 
and process  opera t ion  suppor t  d a t a  were presented i n  d e t a i l .  

B EF was based on a sound test methodology, bu t  a l l  tes t  methodology 
and process  opera t ion  support  d a t a  were not  presented i n  d e t a i l ,  

C 

D 

EF was based on quest ionable  o r  unreported test  methodology. 

EF based on c a l c u l a t i o n s  and/or  experienced est imate .  

Some t e s t s  a r e  l i s t e d  a s  unrateable.  This i s  because no emission fac tor ,  
was repor ted  or a b l e  t o  be c a l c u l a t e d  from the  reported data.  An unra teable  
category does not  i n d i c a t e  t h a t  t h e  t e s t  was not  performed properly but 
simply i n d i c a t e s  t h a t  t h e r e  was no emission f a c t o r  t o  r a t e .  

3.1 BY-PRODUCT COKE OVENS 

P a r t i c u l a t e  emissions -occur during the coking opera t ion  from t h e  following 
sources:  ( a )  charging of coal,  (b )  oven door leaks,  ( c )  coke pushing, (d )  
coke quenching, (e )  oven combustion s tacks ,  ( f )  coal  preheat ing,  and (9) 
tops ide  leaks.  The present  p r a c t i c e  i s  t o  r e p o r t  EFs i n  pounds per  t o n  of 
coal  so t h a t  t h e  v a r i o u s  sources can be compared. 

3.1.1 Coal  Cha reinw 

One of t h e  coa l  charging va lues  p r e s e n t l y  included i n  t h e  d a t a  base orig- 

c 

i n a t e d  i n  a document which was very r e l e v a n t  f o r  i t s  t i m e  but i s  now techni-  
c a l l y  o u t d a t e d 2 '  By es t imates  and by measurement techniques using greased 
p l a t e s  t o  quant i fy  depos i t ion ,  a range of 0.1 t o  2.4 l b / t o n  of coal  charged 
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was acquired. There were no support ive test  d e t a i l s  l i s t e d  i n  t h e  document. 
Up-42 p r e s e n t l y  uses  1.5 l b / t o n  which i s  an average of t h e  EFs presented i n  
Reference 5. This EF i s  given a D r a t ing .  

6 /  
Measurements were a l s o  performed a t  Bethlehem S t e e l ' s  Burns Harbor Plant.- 

Measurements were taken before  and a f t e r  a scrubbing system. The uncontrol led 
emissions were measured a s  0.52 I b / t o n  coa l  and t h e  c o n t r o l l e d  emissions as  
0.02 l b / t o n  coal. The uncontrol led emissions do not  represent  a l l  t h e  emis- 
s ions  from charging s i n c e  emissions from t h e  chuck door during l e v e l i n g  and 
from t h e  coal  hoppers a f t e r  emptying were not  captured by t h e  system. Speci- 
f i c  d e t a i l s  of t h e  tests a r e  not  a v a i l a b l e  i n  t h e  reference.  This EF i s  given 
a C ra t ing.  

The,most r igorous work i n  measuring the.mass of charging emissions was 
performed under U.S. EPA Contract a t  t h e  P i t t sburgh  Works of t h e  J&L S tee l  
Corporation.%! Rnission f a c t o r s  f o r  charging wet coa l  from a Vi lput te  l a r r y  
ca r  fo r  uncontrol led coal  chars ing and from a s p e c i f i c a l l y  designed .semi- 
automated sequent ia l  charging c a r . c a l l e d  t h e  AISI/EPA c a r  were determined. 
Mass emissions were measured with a s p e c i a l i z e d  sampling t r a i n  containing an 
in-s tack  probe followed by an ,out -of -s tack  heated cyclone and f i l t e r  followed 
by a heated l i n e  connected t o  a condensate t rap .  The t r a i n  was s i m i l a r  t o  a 
Method 5 t r a i n  although t h e  sampling 'flow r a t e  and ' t ime permitted a much smal- 
l e r  sample vo.lume t h a n . i s  recommended by Method 5. The s i x  emission poin ts  on 
t h e  Wilputte c a r  and t h e  t h r e e  on t h e  AISI/EPA car.were each t e s t e d  t h r e e  t o  
four  times. Given a charging r a t e  of 16.7 tons of coa l  , p e r  charge,=' t h e  
Wilputte c a r  uncontrol led wet coal  charging process  yielded an emission fac- 
t o r  of 0.11 l b / t o n  of coa l  while t h e  AISI/EPA c a r  yielded a c o n t r o l l e d  emis- 
s ion f a c t o r  of .0.016 l b / t o n  of coa l  f o r  s e q u e n t i a l  charging. Because of t h e  
non-isokinet ic  n a t u r e  o t  t h e  sampling, bo th  emission f a c t o r s  were given a C 
r a t i n g  . 

None of t h e  re ferences  provides d e f i n i t i v e  data,  but, i n  t h e  absence of 
such da ta ,  an average of 0.85 l b / t o n  coa l  w i l l  be used t o  represent  uncon- 
t r o l l e d  charging emissions. This average EF i s  given a C r a t ing .  

3.1.2 Door Leaks 

A I S 1  submit ted 'data  f o r  door leaks from P l a n t  A which showed r e s u l t s  of 
t h ree  coke-side shed t e s t s  performed when no pushing was occurring.2' I f  one 
concludes t h a t  the  emissions measured must then represent  door leaks,  the av- 
erage door leak EF on the  push s ide  of t h e  t e s t e d  b a t t e r y  was 0.18 l b / t o n  
coa l  (range 0.14 t o  0.24 l b / t o n  coal) .  These t e s t s  were conducted before  the  
scrubber using tes t  method WP-50. The d e t a i l s  of the t e s t i n g  e f f o r t  a r e  not  
known. I f  the  value of 0.18 l b / t o n  c o a l  i s  doubled t o  allow f o r  door leaks on 
both s ides ,  then a value of 0.36 l b / t o n  coa l  r e p r e s e n t s  t h e  t o t a l  door leak- 
age emissions. 
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A s i m i l a r  value was found i n  another  coke-side shed t e s t  series.-!/ The 
r e s u l t s  of t h r e e  t e s t s  yielded an average of 0.22 l b / t o n  dry coa l  (range 0.04 
t o  0.41 l b / t o n  dry coa l  based on p a r t i c u l a t e  captured i n  the  f r o n t  h a l f  of  t h e  
sampling t r a i n ) .  Doubling t h i s  r e s u l t  t o  a l low f o r  door leaks on both s i d e s  
y i e l d s  0.44 l b / t o n  dry coal.  

I n  a coke-side shed t e s t i n g  e f f o r t  a t  a t h i r d  plant,.?/ p a r t i c u l a t e  emis- 
s ions  sampled during the  nonpushing cyc le  ranged from 0.20 t o  0.52 lb / ton  dry 
coa l  with an average over  th ree  tests of 0.36 l b l t o n  dry coal.  These values 
a r e  based on p a r t i c u l a t e  c o l l e c t e d  i n  t h e  f r o n t  h a l f  of the sampling t r a i n .  
Assuming t h a t  the  nonpushing emissions were mainly comprised of door leaks 
and allowing f o r  leaks  on the  o ther  s i d e  of t h e  ba t t e ry ,  the emissions from 
door leaks  averaged 0.72 l b / t o n  dry coal.  

I 

A f a c t o r  of 0.5 l b / t o n  dry coa l  r e p r e s e n t s  t h e  average door leak EF. Un- 
f o r t u n a t e l y ,  the  percent  of doors leak ing  i s  not  known f o r  t h e s e  tests so t h a t  
a p p l i c a t i o n  t o  o t h e r  b a t t e r i e s  i s  d i f f i c u l t .  This average EF i s  given a B 
ra t ing.  

3.1.3 Coke Pushing 

The t e s t  d a t a  f o r  coke pushing c u r r e n t l y  a v a i l a b l e  i n  t h e  d a t a  base a r e  
shown i n  Table 2. Average EFs and t h e i r  r e l i a b i l i t i e s  along with process param- 
e t e r s  and t e s t  methodology a r e  presented. There a r e  f i v e  A-rated EFs, four teen  
B-rated EFs and s i x - G r a t e d  EFs i n  Table 2. 

3.1.4 Coke Quenching 

The test d a t a  f o r  coke quenching c u r r e n t l y  a v a i l a b l e  i n  t h e  d a t a  base a r e  
shown i n  Table 3. Average EFs and t h e i r  r e l i a b i l i t i e s  along with process param- 
e t e r s  and t e s t  methodology a r e  presented. There a r e  f o u r  A-rated EFs and f i v e  
C-rated EFs i n  Table 3. 

The reasons f o r  the la rge  d i f f e r e n c e s  shown i n  Table 3 between the  A-rated 
quench t e s t  resul ts  a t  Dofasco's Hami1tonY Ontario,  p l a n t  and those a t  U.S. 
S t e e l ' s  Lorain Works a r e  c u r r e n t l y  t h e  t o p i c  of much debate. There a re  f ive  
hypothesized independent v a r i a b l e s  which may expla in  the  wide v a r i a t i o n  i n  
emission f a c t o r  measurements: 

1.  The v e r t i c a l  speed of the  combined a i r  and water vapor mixture,  

2 .  The water  a p p l i c a t i o n  technique, ,: 

3. The t o t a l  suspended s o l i d s  i n  t h e  quench water ,  

4. The amount of v o l a t i l e s  remaining i n  the  coke, and 

5 .  The e x i s t e n c e  and design of b a f f l e s .  
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I TABLE 2, SUMMARY OF EMISSION FACTORS I FOR COKE PUSHING OPERATIONS 

I 
A 

I R 
/ I  

Reference 
i I Process parameters / I  Test methodolopy Average Average 

emission factor- b/ E.F. Company/ Battery Test height coke/ (Coke capture flow rate of pushes/ time 1 concentration factor Percent 
emission 

(lblton coal) 

I measured Average Oven Tons of I Gas No. No. of Sample Emission 

Comments (lblton coal) reliability location designation date (ft) pus&/ quality system (dscfm) runs run bin) isokinetic (grldscf) 
I I I 

2.0 (Total emis- 
sions from 

- 0.7 pushing as 
measured 

1.5  directly 
over car) 

B 

B 

B 

- 
C 

B 

A 

C 

A 
A 
B 
B 

- 

Northwest - a/ 
Indiana 

12/77 
and 
4/78 

12 - a/ I Gqeen 

Clean I 
I 

Overall 

i 

- a/ 

- a/ 

- a/ 

2-6 

20 

288 

60 

- a/ 

None 175,400.d 

2 1 0 , 4 0 d  

186,400 

749,000) 
(50,000 - 

171,000- 
308,000 

171,000- 
308,000 

268,000- 
Continuous 
sampling ; 
257,000- 

a/ 1.44 2.0 Cross-sectiona k shape of - 
(0.09-9.0) plumes determined with 

2 motion pict a/ 0.787 0.7 

a/ 1.18 1.5 

- 
(0.05-2.0) 

- 
(0.05-9.0) 

10 . 39 1 232d' High-volume / [' 

(81-534) ((3 scfhl) 
117 isokinekic 25 1 

191 64 1 

center pf plume. 
Used 8 $n. x 10 
in. glass fiber 
filter.[ cup 
anemometer for 
velocity mea- 
surements. 

1, 1 
0.49 No. 1 10174 20 

20 

20 

23.5 

23.5 

22-24 

Moderate 
to Green 

Coke- 
side 
shed 

3 -  1- 3 
during 
peak 
emissions 

a/ 0.145 
I 

- 0.49 160 

115- 
170 

- a/ 

124 

Anderseh in- 

lector. 

condensate I trap. 

EPA Met t od 5 
lector. 

; \  
! 

0.68 

I 

a/ 0.186 - 
11 
PP* 7,11932-34 

' Bethlehem No. 1 
Steel, Burns 
Harbor, Indiana 

11/74 a1 - I  
2 -  10 
during 
peak 
emissions 

0.68 Coke- 
side 
shed 

Tests by Clay n Environmental Consultants. L Suspended emission 
factor includes I fugitive and shed 
captured part 

0.69d-Suspended 

0.45 - Dustfall 
emissions 

bucket catch frvm 
all push side 
operations 

.- 0.5521 without sprays 
O.39=/ with sprays 
1.4&/ without sprays 
1 . 2 3 € /  with sprays 

8 
p.63 and 12 
p. 3-25 

3/75 No. 1 a/. 
- 1  

Coke-side 
shed; 85% 
capture 
efficiency 

3 -  23-25 
continuous 
3 -  20 
during 
peak 
emissions 

sampling during 
peak emissions 

- a/ - a/ a/ 0 . 5 5 ~ 1  
Without 
sprays; 
0.39~1 

- 13 Special tests to determine effects 
of water spra as control. 

No. 1 3176- 
4/76 

20 23.5 Coke- 
side 
shed; 85% 
capture 
efficiency 

4- 8 
without 
sprays; 
15- 
with 
sprays 

- a/ 

With sprays 
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I TABLE 2. (Continued) 
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Process  parameters I( T e s t  methodology Average Average 
Oven Tons of Emission Gas Gas Sample measured emission No. No. of Average - -_ 

emission facto&/ E.F.  Company/ Bat te ry  T e s t  he ight  coke/ i Coke capture  flow r a t e  temp. 
( lb / ton  coa l )  r e l i a b i l i t y  l o c a t i o n  des igna t ion  d a t e  ( f t )  pus&/ q u a l i t y  system (dscfm) e F) n 

I 

time Percent1 concent ra t ion  f a c t o r  of pushes/ mpling 
hodology runs run ( m i d  i s o k i n e t i c  ( l b l t o n  coa l )  cor (g r ldsc f )  .ents  Reference 

l e  taken a t  20 
c t .  Emission 
cludes uncaptured 
and shed-captured 
t e  f o r  pushing 

9 - page 47 and 
1 2  - page 3-25. 

0.25dSuspended 
emissions 

1.1 D u s t f a l l  
bucket ca tch  from 
a l l  push s i d e  
opera t ions .  

A 

C 

A 

BPI 

E d  

C 

C 

Great Lakes 
Carbon 
S t .  Louis, 
Missouri  

4 / 7 5  11 10.5  

1 2  

11 .3  

11 .3  

24 

24 

- a /  

Coke-side 119,000- 
shed; 91% 132,000 
avg. cap ture  
e f f i c i e n c y  

69-85 

130-209 

8 1  

1 1 3  

118  

108  

254 

i f i e d  EPA 
hod 5 i n  
t lead ing  
c o l l e c t o r .  

3 

9 

28 

4 

10-15 

16  or 24 

8 

24 

7-13 

7-13 

1 

192-288 99.9-102.9 0.017- e/  

pushing pushing c y c l e  
cyc le  

non-pushing 
cyc le  

16  o r  24 100-108.6 1.67- e /  

168-192 

0.25- e /  
suspended 

1.1 
dus t  fa 11 

2 .  el 

Each sac 
p t s  i n  ( 
f a c t o r  2 

p a r t  icu:  
only.  

Hood cai 
est imat c 
32 t o  8( 
removed 
was cap1 

fugi t ivc  

Unclear 
e a s t  am 
scrubbei 
with pu2 

Unclear 
e a s t  anc 
scrubbei 
with pus 

Plume ci 
section2 
de t ermir 
graphic2 
temperat 
a t  sing1 
a hot  w j  

i a/ 
P 
P 
d 
t 

P 
M 
d 
t 

k 
1 
C 

( 
i 
t 

A 
i 
t 

W 

A 
S 

e 
S 

S 
S 

P 
i 
S 
4 

. 

e l  2.3- Tota l  uncon- 
t r o l l e d  emissions 
from pushing a s  
measured d i r e c t l y  
over ca r .  

6 / 2 4 / 7 5  1 3  
t o  

7 / 1 6 / 7 5  

Ford Motor 
Company, 
S t e e l  Divis ion 
Dearborn, 
Michigan 

Avg . 
between 
green 
and 
c lean .  

- a /  

T r a v e l l i n g  77,000- 
hood f i t t e d  82,800 
d i r e c t l y  
over ca r .  

u r e  e f f i c i e n c y  
ranged from 
. Scrubber 
9.3% of what 
red.  

1 4  - pp. 11, 9 8 ,  
1 8 2 ,  220 

i f i e d  EPA 
iod 5 i n  
t lead ing  
scrubber. 

0.29  Company A 
(AISI Data) 

9175- 
1 1 / 7 5  

2176- 
3 / 7 6  

1 2 / 7 3  

1 2 / 7 3  

8110176 
t o  

8 / 1 7 / 7 6  

Coke-side 175,100 
shed 

15 5.0 i n  duct 
ding t o  
l e c t o r  

PA-approved'' 
i u c t  l ead ing  
c o l l e c t o r )  

24 

- a /  

0.063 0.29 

0 .26  

O.& 

0.26  Company A 
(AISI Data) 

Coke-side 168,900 
shed 

15 0.060 

0 . 4 d  28-78 - a! 0 . d  Company B 
(AISI Data) 

Enclosed coke 61,300 
c a r  & guide t o  
v e n t u r i  scrubbers  
v i a  s t a t i o n a r y  main. 

rl PTC-21 6 
i u c t  l ead ing  
eas t  and 
t scrubbers .  

ow t e s t i n g  
west 
i n g  coincides  process.  

16 - p. 4 

16 - p. 4 0 . 0 2 E /  0.072?/ 
l 

28-78 - a /  0 . 0 2 4 d  Company B 
(AISI Data) 

rl PTC-21 i n  6 
cks e x i t i n g  
t and w e s t  
ubbers. 

ow t e s t i n g  
west 

co inc ides  
ing  process.  

a /  
1 -  

Same a s  above 66,500 

14.4%/ Lb/push . B  CF&I 
Pueblo, 
Colorado 

1 4 . e /  
lb/push 

- a /  

I 

52,400 
scfm 

3le point  1 2  
> l e  through 
)e' suspended 
the plume. 
> led  a t  
51 scfm. 

14-30 - a /  
sec  

1.852 gr /scf  136 ss- 
a r e a  

d photo- 
l y .  Plume 
re measured 
poin t  with 

e anemometer. 

14 



a/  - - a /  

Emission 
s e n t s  
by shed 

f a c t o r  repre-  
emissions captured 

1 

I 
T b L Z  2. (Concluded) I I 
I 
I 

I 
I - 

Average Average 
measured emission 

concent ra t ion  f a c t o r  
Reference I Comrpents 

I 
( l b / t o n  coa l )  (g r / sc f  ) 

i -  T e s t  methodology 

I 
Process  parameters __ -. _. 

No. No. of Sample 
t i m e  Percent  

Tons of Emission Gas Gas 

r e l i a b i l i t y  l o c a t i o n  des igna t ion  d a t e  ( f t )  pus&/ I q u a l i t y  system (dsc f m) (OF) methodology runs run (min) i s o k i n e t i c  

Average Oven 
Bat te ry  Test he igh t  coke/ Coke c a p t u r e  flow ra te  t e m p .  anipling of pushes/ emission factor- b /  E.F.  Company/ 

( l b l t o n  coa l )  
I I 

0.34p1 B 

B 

B 

B 

0.48 - d u s t f a l l  C 

B 

Bethlehem 
S t e e l ,  
Burns Harbor, 
Indiana 

No. 1 7 / 7 4  

No. 1 7 / 7 4  

No. 1 7 / 7 4  

- a/  - a/ 

- a/  - a /  

Ba t t e ry  .C 3 / 7 5  

1 7  

1 7  

17  

12 
p. 3-25 

12 
p. 3-25 

12 
p. 3-25 

Coke- - a/ 
s i d e  
shed 

2 

2 

7 

23 

- a/ 

-2 

8-12 

8-12 

8-12 

8-10 

- a /  

8 

16-24 

16-24 

16-24 

16-20 

- a /  

24 

f a c t o r  repre- 
s s i o n s  captured 

0.3451 

by shed s n g l e  po in t  

E , A  i t r a i n  w i t h  

. r  

I 

I 23.5 

I 
I 
I 

23.5 

i 
a /  l 

I - 

- a /  

- a /  - 

I 

l a/ , 0 . 4 E /  Bethlehem 
S t e e l ,  
Burns Harbor, 
Indiana 

Coke- 
s i d e  
shed 

- a /  

I 

a/ I 

a /  I 
i 

I 

I 
- 

NA 

0.56 ( f r o n t  and 
back ha l f  of 
sampling t r a i n )  

- a /  0.56 Bethlehem 
S t e e l ,  
Burns Harbor, 
Indiana 

Coke- 
s i d e  
shed 

Emissioi 
s e n t s  el 
by shed 

0.53  Bethlehem 
S tee l ,  
Burns Harbor, 
Indiana 

0.63 f a c t o r  repre- 
s s i o n s  captured 

Coke- 
s i d e  
shed 

- a /  

Bethlehem 
S t e e l ,  
Burns Harbor, 
Indiana 

f a c t o r  repre-  
Lssions s e t t l i n g  
I i n  shed 

Ccke- 
s i d e  
shed 

- a /  NA 0.48 Emissio 
sents e 
on grou 

0.32- e l  
. .  0.016 el 0.32- I n  stac 

w i t h  sc  
a f t e r  sc rubber  

ibber o f f  

i 
- a /  
b /  
c /  Average f o r  66 tes ts .  
d /  
e /  
f /  
g/ 

Keference provides  i n s u f f i c i e n t  d a t a  o r  cor robora t ion  of da t a .  
Used 0 . 7  tons  coke per  ton of c o a l  a s  conversion where necessary.  

t\vcrage temperature f o r  33 tests.  
Rased on p a r t i c u l a t e  c o l l e c t e d  i n  f r o n t  ha l f  of sampling t r a i n .  
Includes 1 . 2 5  l b l t o n  coke f o r  tests without  sprays  and 1.1 lb / ton  coke f o r  tests wi th  sprays  as determined by d u s t f a l l  buckets .  
/\IS1 - compiled tests s e l e c t e d  as acceptab le  by Peter West l in ,  Test Support Sec t ion ,  OAQPS. 

- 

- 
- 

- 

- 
15 



I 
TABLE 3. SUMMARY OF EMISSION FACTORS FOR COKE QUENCHING OPERATIONS 

_ .  _____ I _. 
- T e s t  methodology 

Sample Average Average 
emission Sample  t ime/  No. of measured 

- - _-- 
Process parameters 

Average Tower I 
dimensions Tons of Exhaust Exhaust Gallons 

Sam 
emiss ion 

H 2 0  per Sampling factor  E.F. Company/ Test a t  sampling coa l /  . flow rate temp.  
( lb l ton  coal)  r e l i a b i l i t y  loca t ion  da te  l e v e l  hi? (dscfm) ( O F )  quench methodology loc 

I 

f ac to r  concentration quenches Percent -"g No. of KUII 

Cor .on runs (min) per run i sokine t ic  (gr /dscf)  ( lb /hr )  ( l b l ton  coal)  
I 

ien t s References 

ermined from 
l i n e ;  12 c lean 

s t s  and 13 d i r t y  
S t S .  

18,19 - a /  

1 4 2  

- a/ 

- a/ 

155 

155 

i55  

150 

150 

6,000- 
12,000 

- a /  

- a i  

- a /  

- a /  

- a /  

- a /  

4,000 

4,000 

High volume, 2 c f m  A f t  
s inglepoint  sampling 
using EPA Method 5 
t r a i n  with pre- 
cyclone. 

b a f f l e s  25 1.4 + E . F .  de  
best-f i  0.00018 x 

TDSb,e/ water t 
water t 

1.4 + A U . S .  S t ee l  8/76 Tapered, 
0.00018 x T D S u /  Lorain, cy l ind r i ca l  
1.461 - clean Ohio 14 f t  I D  a t  

water tests 100 f t  l e v e l  
2.6d/ - d i r t y  

water tes ts  
0.7- c /  C Bethlehem 4/74 1 6  f t  x 16 f t  

S t e e l  
Lackawanna, 

41-55 181,900 Only during 4 91.1-109.5 - a /  - a /  
quench ( 2  
t o  3 min 
each) 

20 0 . 1 4  101.  $1 0.7- c l  Sampled 
tower h 
Battery 

I 
149 382,300 

w e t  scfm 

6 
b a f f l e s  

sprays 

About 3 min 18 67-77 
per quench. 

north quench 
Lndling mainly 
9 coke ovens. 

Single  point sam- 
pl ing using EPA Aft 
Method 5 sampling w i t  
t r a i n  New York 

C France 

C Poland 

0 . 4 4  

0.40 

5 ,  P. 6 

5, p. 19 

NA 

- a /  

- a/ E s t  i m a  t 

- a /  Also co 
from co  

Greased d isks  - a /  

- a /  - a /  t a ins  emissions 
e pushing. 

I 
16T coa l  15?,000- 

quench 308,400 
- 

Using n 
water. 

d /  0.25- 9 9-14 6 92-107 rmal recycle 2 1  
0.25!Y High volume, 2 cfm 5 f 

sampling a t  2-6 abo 
poin ts  using cy- baf 
clone and heated 
probe i n  the tower 
and heated f i l t e r  
puts ide the tower 
followed by conden- 
sate t r a p  

Same as  above 5 f  
abc 
baf 

A Dofasco 
Hamilton, 
Ontario 

8/77 18 f t  x 37 f t  

1s 

I 

, d /  106-108 0.065$/ 3.417- d /  0.21- 2 Using n 
water w 
sprays 

Using o 
water. 

rmal recycle 
t h  b a f f l e  
perat ing.  

0 . 2 M  
11-13 6 2 1  I 

16-1 16!,100- 
auench 

A Dofasco 
Hamilton, 
Ontario 

18 f t  x 37 f t  

2s 

81-108 0.061$/ 3.73@/ 0 . 2 3  d/  6 6-13 3-6 ce through bay 2 1  
0.23! i /  Same a s  above 5 f  

abc 
baf 

A Dofasco 
H a m i l  ton,  
Ontario 

8/77 18 f t  x 37 f t  

12/67 15 f t  x 1 5  f t  

16T coa l  148,300- 
quench 2718,700 
___ 

?S 

a /  zer with - 
f f l e s  

der with - 
zree 
ES spaced 
t o  3 in .  
. Baffles 
ashed 
per s h i f t  
sprays. 

a l  

I 
186 391,000 

w e t  scfm 

391,000 
wet scfm I 

1 

186 

I 

NA - a /  6 lblquench 0.32 

- a /  0.75 lblquench 0.04 NA 

2 2  

22 

- a /  

- a /  

- a /  

- a /  

Greased p l a t e  I n  
no 

Greased p l a t e  I n  
45- 
baf 
1-1 
apz 
arc 

0.32 

0.04 

C U . S .  S tee l  
Cla i r ton ,  P a .  

C U.S .  S t e e l  12/67 15 f t  x 15 f t  
Cla i r ton ,  P a .  

- a/  
b /  TDS = Total  dissolved s o l i d s  i n  quench water i n  pa r t s  per mil l ion by mass.1 

&eference provides induff ic ien t  d a t a  on corroboration of data .  

16 
- 
- c /  

- d /  
- e/ 

Unclear whether value is b a s e d  on pa r t i cu la t e  co l lec ted  i n  f ron t  ha l f  of  iampling t r a i n  o r  i n  f ron t  and back 

Based on pa r t i cu la t e  col lected i n  f ront  half  of sampling t r a in .  
Based on pa r t i cu la t e  c o l l e c t e d  i n  f ront  and back halves of sampling t r a i n .  

halves combined. 
one 
w i t  



Additional source t e s t i n g  i s  requi red  t o  develop an equat ion r e l a t i n g  emissions 
t o  the independent var iab les .  

3.1.5 Coke Oven Bat te ry  Combustion Stacks 

The t e s t  d a t a  f o r  coke oven b a t t e r y  combustion s t a c k s  c u r r e n t l y  a v a i l a b l e  
i n  the d a t a  base a re  shown i n  Table 4. Average EFs and t h e i r  r e l i a b i l i t i e s  
along with process parameters and test methodology a re  presented. There a r e  
2 1  B-rated EFs, four  C-rated EFs, and one unra teable  EF i n  Table 4. 

3.1.6 Coal Preheaters  

135/ 
some l imi ted  d a t a  e x i s t  on emissions from Cerchar coa l  preheaters.- 

Uncontrolled emissions of t o t a l  p a r t i c u l a t e  w e r e  measured during 18 tests a t  
one p lan t  and ranged from 5.3-8.8 l b / t o n  c o a l  wi th  an average of 7.0 l b / t o n  
coal .  Controlled emissions of t o t a l  p a r t i c u l a t e  were measured during 18 tests 
a t  Venturi scrubber o u t l e t s  and ranged from 0.25-1.82 l b / t o n  coa l  wi th  an 
average of 0.65 l b / t o n  coal.  The o r i g i n a l  t e s t i n g  r e p o r t s  were not  a v a i l a b l e  
t o  i d e n t i f y  t h e  test  methodology; consequently,  the  va lues  a re  C-rated. 

3.2 BLAST FURNACES 

Emissions occur during t h e  production of i r o n  when b l a s t  furnaces s l i p  
and when m i s s i o n s  escape t h e  c a s t  house monitor. 

3.2.1 slips 

S l i p s  occur when a s t r a t a  of t h e  m a t e r i a l  charged t o  a b l a s t  furnace does 
n o t  se t t le  with the  input  m a t e r i a l  below it, thus leaving a g a s - f i l l e d  space 
between the two p o r t i o n s  of t h e  charge. When t h i s  u n s e t t l e d  s t r a t a  of charge 
c o l l a p s e s ,  t h e  displaced g a s  may cause t h e  top gas  pressure  t o  increase  above 
the s a f e t y  l i m i t ,  thus  opening a counterweighted b leeder  valve which i s  open 
t o  the  atmosphere. 

The only EFs a v a i l a b l e  t o  quant i fy  s l i p  emissions were est imated by 
B a t t e l l e A l  An EF range of 0.0046 t o  0.046 l b / t o n  of ho t  metal  reported by 
the  B a t t e l l e  researchers  was est imated by t h e  following method., 

The amount of d u s t  emit ted per  s l i p  was est imated by assuming t h a t  the  
s l ip- induced d u s t  loading would be 10 t o  100 times the maximum normal d u s t  
loading of b l a s t  furnace of f -gas ,  which i s  i n  t h e  range of 7 t o  30 g r / s c f -  271 
Therefore,  300 t o  3,000 g r / s c f  would be contained i n  the s l ip-genera ted  gas 
volume. This gas  volume was q u a n t i f i e d  using t h e  dimensions of a t y p i c a l  
furnace (30-f t  diameter)  and assuming a 2 - f t  s l i p  height ,  an a c t u a l  tempera- 
t u r e  of 927OC, and an a c t u a l  pressure  of  2 atm absolute.  The g a s  volume ca l -  
cu la ted  v i a  the  i d e a l  gas  law was 18,200 normal l i t e r s  (643 scf ) .  The e n t i r e  
volume of s l ip-generated gas  was then assumed t o  be geleased through the  

17 
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-- 

di r ty-gas  bleeder  valve.  Thus, the  q u a n t i t y  of dus t  emit ted per s l i p  would 
range from 27.6 t o  276 lb. 

Of t h e  t o t a l  of 135 b l a s t  furnaces opera t ing  i n  the  United S t a t e s  i n  
1974 t o  1975, i t  was assumed t h a t  22 were "problem" furnaces which averaged 
30 s l i p s  per  month. The remaining 113 furnaces  were assumed t o  average four  
s l i p s  per month. Therefore,  the t o t a l  number of sl ip-induced bleeder  valve 
emissions i n  the  United S t a t e s  i n  1974 was 13,350. Using t h e  27.6 t o  276 
l b / s l i p  range and the  1974 n e t  hot  metal  production r a t e  of 79.9 x 10 6 tons,  

the E F s  f o r  s l ip- induced emissions a re  found t o  range from 0.0046 t o  0.046 
l b l t o n  of h o t  m e t a l  produced. The d o c e n t  q u a l i f i e s  t h i s  as  a f i r s t  at tempt 
order  of magnitude c a l c u l a t i o n .  

3.2.2 Cast House Monitor 

'Ihe test d a t a  f o r  c a s t  house emissions c u r r e n t l y  a v a i l a b l e  i n  t h e  d a t a  
base a r e  shown i n  Table 5. Average EFs and t h e i r  r e l i a b i l i t i e s  along with 
process parameters and t e s t  methodology a r e  .presented. There i s  one A-rated 
EF, f i v e  E r a t e d  EFs,  and f o u r  G r a t e d  EFs i n  Table 5. 

3.3  SINTERING 

h i s s i o n s  occur a t  severa l  po in ts  i n  t h e  s i n t e r i n g  process. h e  p o i n t s  
of p a r t i c u l a t e  genera t ion  a r e  ( a )  t h e  .windbox, ( b )  t h e  discharge ( s i n t e r  
crusher  and hot  screen) ,  ( c )  the  cooler ,  and ( d )  the  cold screen. In  addi- 
t i o n  t o  t h e s e  sources,  t h e r e  a r e  in-plant  t r a n s f e r  s t a t i o n s  which genera te  
emissions and can be c o n t r o l l e d  by loca l ized  enclosures.  A l l  t h e  above sources,  
except t h e  cooler ,  a r e  normally vented t o  one o r  two c o n t r o l  systems. 

The main problem with t h e  EFs r e l a t e d  t o  s i n t e r i n g  compiled i n  Table 6 
i s  t h a t  t h e  sources  cont r ibu t ing  t o  t h e  f a c t o r  are not  de l inea ted  i n  many 
cases. There a r e  f i f t e e n  A-rated EFs  i n  Table 6, twenty-seven E r a t e d  EFs, 
e igh t  C-rated EFs, and t e n  unra teable  f a c t o r s .  

3.4 BASIC OXYGEN FURNACES 

There a r e  s e v e r a l  sources  of p a r t i c u l a t e  emissions i n  t h e  bas ic  oxygen 
-furnace steelmaking process. The emission sources  a r e  ( a )  emissions from t h e  
furnace mouth during r e f i n i n g - c o l l e c t e d  by l o c a l  f u l l  (open) or suppressed 
(c losed)  combustion hoods, (b )  hot metal t r a n s f e r  t o  charging l ad le ,  ( c )  
charging s c r a p  and hot metal ,  (d) -dmping  s l ag ,  and ( e )  tapping s t e e l .  

Table 7 l i s t s  EFs from severa l  of t h e  above sources. The roof monitor 
errrissions a r e  a composite of t h e  por t ion  of charging, tapping, slagging, 
and hot metal. t r a n s f e r  emissions t h a t  escape t o  t h e  atmosphere. 

20 
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f a c t o r  E.F. Furnace Tons hot Duration 
( l b / t o n  r e l i a -  (Company/ desig-  T e s t  meta l /  of c a s t  
hot me ta l )  b i l i t y  ' l oca t ion  na t ion  d a t e  c a s t  (min) 

Exhaust Gas Emission Sample Percent  Measured f a c t o r  

(scfm) ( O F )  system methodology runs (min) k i n e t i c  ( g r / s c f )  ( l b l h r )  ho t  meta ) Comments Reference 
r a t e  temp . cap tu re  Samp 1 i n g  No. of t imefrun  I s o -  concent ra t ion  ( 1 b/ t on: 

P 

I TABLE 5. SUMMARY OF EMISSION FA ORS FOR BLAST FURNACE CAST HOUSE OPERATIONS 

E 

No. 1 

No. 1 

No. 1 

E 

- a /  

No. 1 

J 

9/76 

8- 111 76 

10176- 
11/76 

- a /  

8176- 
11/76 

11176- 
12/76 

- a /  

- a /  

- a /  

277 

321 

283 

180 

- a/  

- a/ 

39 1 

111 

108 

125 

134 

140 

155 

82 

- a /  

- a /  

95 

30-40 

35-65 

31-35 

35 

22 

33 

33 

- a /  

32-70 

- a /  

- a/ 

- a/  

10 1 

106-111 

111-116 

- a/  

- a/ 

- a/  

0.05&/ 3 5 . d  

0,04 lz/ 98. 

0.09 7 5 /  120 

0.142r/ 3 6 t d  

0.1265/ 2995l 

0.20&/ 3 2 d  

0.0295/ 60.95' 

0. E/ B 

0 . 2 6 d  B 

0.25- C /  B 

0.7&/ A 

0 . 4 d  C 

0.6Ed C 

I 
Bethlehem 
S t e e l ,  

I 
Fami 1 ton, 
p n t a r i o  
Canada 

83,500 

283,700 

144,100 

i 308,300 

I 293,600 

1 208,100 

1289,900 

i 

- a/ 

300,000 
acfm 

458,400- 
695,200 

I 
i 
I 

.- EPA Method 5, 3 
cap tu re  Sampled i n  duc t  
75-90% a f t e r  hood and 3 
cap tu re  be fo re  any 
80-95% c o n t r o l  device  3 
cap tu re  

< 75% 28; Capture e f f i c i e n c y  based on 
v i s u a l  observa t ion  of canopy 29, 
hood c o l l e c t i o n  system. EF pp. 52-53 
r e p r e s e n t s  only l o c a l l y  cap- 

emissions.  
t aphole  and t rough 

I 
I 100% open EPA Method 5,  2 ,  

l e ad ing  t o  bag- 2 
f a n  s e t t i n g  Sampled i n  duc t  

70% open 

0.78- c'/ ] T o t a l  cast house evacuation. 29 
(One tes t  per  cast .  P. 45, 

p. C-lff  0.4& 

0.6& 

0.2@ 

0.25 

0.31 

f a n  s e t t i n g  house 
40% open 

f a n  s e t t i n g  

Total  cast EPA-5 
house evac- 
ua t ion  t o  
baghouse 

- a /  Time l apse  
photography 

I 
Bethlehem 
S t e e l ,  
bohns town, 
Pa. 

CF&I, 
Pueblo, 
Colorado , 

0.2&/ B One tes t  per  c a s t .  29 
Sampling i n  duc t  lead ing  p. 52,53, 
t o  baghouse. D- 1 

0.25 

0.52 

- a/ 

157 

C - a/  

0.028 

29 Study done by  Celesco 
Ind. (Report No. 156). p-  52 

Weight of Bui lding 
evacuat ion p a r t i c u l a t e  
t o  baghouse captured by 

t h e  baghouse 

None Hi-Vols sus- 
pended i n  
bays of t h e  
roof monitor 

C Dofasco, 
Hamilton, 
Ontar io  
Canada 
, 

Does no t  i nc lude  weight 29 

baghouse. 
o f  emissions passed by PP. 45-46 

E&/ Beth l e  hem 
S t e e l ,  
Sparrows 
Po in t ,  Md. 
[ 

0.31 29 
p. 52; 

30 
.- 

I I 
l 

a/ Reference provides  i n s u f f i c i e n t  d a t a  o r  cor robora t ion  of  d a t a .  - 
b/  AIS1 - compiled tests s e l e c t e d  as accep tab le  by P e t e r  k les t l in ,  T e s t  Support  Sec t ion ,  OAQPS. 

I 
! 

- 
z/ Based on p a r t i c u l a t e  I c o l l e c t e d  i n  f r o n t  h a l f  of sampling t ra in .  

I 
I 

I 



TABLE 6. TABLE OF EMISSION FACTORS FOR SINTER PLANTS 

__ 
Test methodology Test results Average Process conditions 

emission Emission Process Gas G,& of Location of 
factor factor Company / Test flow rate Gas sam?liny, sampling Sampling production 

Emission factors Gas No. Measured concentrations Sampling time 
Percent per run flow rate of runs Range Avg . Range Avg . 

Reference isokinetic (min) (dscfm) performed (grldscf) (grldscf) (lb/ton sinter) (lb/ton sinter) Comments (lb/ton sinter) reliability Source location date rate (dscfm) temp. (OF) device device methodology 

In stack thimble In windbox - a/ 10.8tJ (leaving B Uncontrolled windbox Company D 3/75 1,368-2,369 tons 140,000-224,000 188-287 
exhaust stack grate) exhaust stack (AISI data) sinterlday 

- a/ - a/ - a/ 17 0.082-0.19&/ 0.135 5.1-19.&/ 10.8111 31 

15 6.&/ B Uncontrolled strand Company D 314-5175 ~,500-2,340 tons 34,000 112-151 10 min tests- In discharge stack 10 min tests - single pt in stack a/ 4 tests-2 hr each; a/ - 
discharge emissions (AISI data) sinterlday 47 nun glass 2 hr tests - 24 pt traverse 11 tests-10 min 

fiber filter each 
2 hr tests- 
alundlun thimble 

0.97-1.9&/ 1.54 grlacfkf 5.3-8.3kJ 6.&/ 
grlacf 

32 Tests performed after cyclone-efficiency of 79% determined 
by weighing cyclone catch. This efficiency used to calculate 
uncontrolled emissions. 

Uncontrolled windbox Company C 10/1/69 150 tons sinterthr 165,000 
exhaust stack (AISI data) 

260 - a/ 6 0.16-0.3&/ 0.21 gr/acf 8.8-17. &/ 
gr/acf 

11.811/ 11.8b/ (leaving B 
grate) 

In 9 ft s q  duct before a/ 
fan and after coarse 
particulate control 
devices. 

Alundurn thimble - a/ - a/ Tests performed after inertial trap, multiclones and police- 33 
man. Efficiency of 75% determined by unspecified method. 
This efficiency used to calculate uncontrolled emissions. 

1. &/ In 8 ft 0 stack, 85 ft 
above ground and 15 Et 
from top 

Single point in stack 3170-4/70 150 tons sinter/ 125,000-135,000 206 Alundum thimble E s t  Controlled windbox Company C 
exhaust stack (AISI data) hr wet scfm 

- a /  16 0.13-0.3b/ 0.21- b/ 
grtwet scf 

0.64-1.5k1 34 Smapled after cyclones. 

b/ 8.7- AS/ Company N 10/75-11/75 113-132 tons 240,000-284,000 102-215 - a/ Uncontrol 1 ed emissions 
from unspecified source 
(assume windbox) 

sinterthr (AISI data) 
EPA Method 5 

35 
Sampled at precipitator inlet. 0.176-1.0&/ 0.47- b /  b/ 8.7- 

1.9k/ 

3.1-18.9bl 

0.83-3.8111 

101-108 90 

92-199 120 
C$/ bl Controlled emissions Company N 10175-11/75 113-132 tons - a/ 1.9- (avg of all 

2. .&I (avg of A source (assume wind- 

239.000-312,000 128-208 
tests) from unspecified (AISI data) sinterlhr 

isokinetic tests) box) 

- a/ EPA Method 5 Samples taken at ESP outlet. Five tests were well above the 35 
+lo% nonisokinetic sampling tolerance. 

0.043-0.l7b/ 0 . d '  

a/ 2 0.188-0.21&~ o.&/ 0.4-0.7- bl - 
36 

37 

0.55111 In-stack thimble a/ 256,000-274,000 147-175 - C (Assume controlled Company N 4118-25174 10.604-11,167 
windbox)?/ (AISI data) tons sinterlday 

82-99 - a/ 

Uncontrolled emissions were observed to be the worst the 
plant had experienced. 

107%/ Standard EPA- In 4.ft x 14.5 ft tile- Modified EPA Method 5. Each test 108-113 97-133 
from windbox (AISI data) sinterlday lined plenum was a traverse along a different approved train 

12/29/72 1,350 tons 296,000-302,000 90-95 A Uncontrolled emissions Company P 

single axis. 

18-22851 0.4019-5.02075/ 2.367d 0.4-0.54 3 

0. 7%/ EPA Method 5 In 8 ft 0 stack Standard EPA- Ad Controlled emissions Company P 12/29/72 1,350 tons 305,000-308,000 70-73 
from windbox (AISI data) sinterlday approved train 

99-103 100 0.65-0. 7fi1 0.014-0. 01575l 0.014d 0.53 3 0.7%: 

4 7 d  

Control consists of water spray followed by tray-type 
scrubber. 

37 

38 - a/ 2(3rd test suspect 2.9049-3.7493SI 3.327I.S' 42-5EI 
due to temporary 
line shut-down) 

Uncontrolled emissions Company P 3/27/73 1,471 tons sinter/ 111,800 acfm - a/ - a/ 47c/avg of 2 tests B 
3 E f  avg including B ~ /  from unspecified (AISI data) day 
suspect test source 

Directly after bend EPA Method 5(unspecified number - a /  - a/ 
of points in traverses) in duct leading to 

baghouse 

In 3 ft stack 1 ft 
beyond fan and 2 ft 
from stack exit. Bag- ports 1 Et beyond fan) 
house had 14 stacks, 
llcompartment 

EPA Method 5 (unspecified number a/ - a /  
of points in traverse-sampling 

0.3551 Be/ Controlled emissions Company P 3/27/73 1,471 tons sinter/ 111,000 acfn - a/ - a/ 
from unspecified source (AISI data) day 

After Mikropul baghouse. 

22 

38 - a/ 2(3rd test suspect) 0.02275-0.0249d 0.023GI 0.32-0.39C1 0.3%/ 



TABLE 6. (CONTINUED) 

T e s t  r e s u l t s  T e s t  methodology - Average Process  c o n d i t i o n s  
emission Emission Process  Gas Type of Locat ion of 

f a c t o r  f a c t o r  Company/ T e s t  product ion f low r a t e  Gas sampling sampling 
Gas No. "easured c o n c e n t r a t i o n s  Emission f a c t o r s  Sampling time 

Sampling Percent  per  run Range Avg . Range Avg . f low rate of runs  
Comments Reference ( l b / t o n  s i n t e r )  ( l b l t o n  s i n t e r )  methodology i s o k i n e t i c  (min) (::r/dscf) ( g r l d s c f )  (dscfm) performed ( l b / t o n  s i n t e r )  r e l i a b i l i t y  Source l o c a t i o n  d a t e  rate (dscfm) device  d e v i c e  temp. ( O F )  

90 EPA-approved t r a i n  I n  4 f t  x 1 4  f t  scrubber  Modified EPA Method 5 (2  tests a t  a /  - 130 75 tons s i n t e r l h r  300,000 9 ~ 1  most a c c u r a t e  B Uncontrol led emissions Company P 2/73 
4&/ avg of a l l  4 tests from windbox (AISI d a t a )  only a s i n g l e  p o i n t ;  1 t e s t  us ing  

a p a r t i a l  t r a v e r s e ;  1 test  us ing  a 
f u l l  t r a v e r s e  i n  one d i r e c t i o n .  
Temp. of probe and f i l t e r  kept  t h e  
same a s  duc t  gas .  

i n l e t  duc t  a t  a bend 
- a/ 4 98 (most a c c u r a t e  Number of t r a v e r s e  p o i n t s  i n  t h e  "most accura te"  test 39 0.379-2.8c1 2.86 t e s t )  (most ./ a c c u r a t e  1 3 - 9 G l  

test):/ unc lear .  Lab a n a l y s i s  performed so as not  t o  d r i v e  o f f  
condensible  hydrocarbons. Report noted t h a t  Method 5 
a n a l y s i s  emissions.  produced f a c t o r  of 2 lower t o t a l  p a r t i c u l a t e  

O.!& B Cont ro l led  emissions Company P 2/73 75 tons s i n t e r l h r  250,000-289,000 100 
from windbox (AISI d a t a )  

EPA-approved t r a i n  After t r a y  type  scrubber  
(assume 8 f t  .0 s t a c k )  

YDdified EPA Method 5 (probe and 
f i l t e r  temp. se t  to c o i n c i d e  
Kith f l u e  gas  temp.) 

0 . 0 1 9 5 - 0 . 0 3 8 d  0.029%/ Tray-type scrubber  p r e s s u r e  drop of 9 t o  11 i n .  H20. 
Lab a n a l y s i s  performed so as not  t o  d r i v e  o f f  conden- 
s i b l e  hydrocarbons.  

39 90 0 . 6 - 1 . E I  0.914 3 

Thimble - a /  40 B Uncontrol led emissions Company A 1 / 7 1  3,400 tons  s i n t e r /  a/ 
from d i s c h a r g e  and (AISI d a t a )  day 
o t h e r  unspec i f ied  
sources  

B Cont ro l led  emissions Company A 1 / 7 1  3,400 tons  s i n t e r /  138,200 
from d i s c h a r g e  and (AISI d a t a )  day 
o t h e r  unspec i f ied  
sources  

B Cont ro l led  emissions Company A 5/75 3,600 tons  s i n t e r /  288,000 
from windbox (AISI d a t a )  day 

- a /  WP-50 Emissions from hot  s c r e e n  hood, s i n t e r  breaker ,  and two 
unknown sources .  

1 iione None 

120 

300 

A f t e r  baghouse Thinble  IP-50 - a/ - a/ - a /  

0.5 

iIone 0 .0odJ  

0.034-0.04&1 0.03&/ 

None o.o& 

0.56-0.74kl 0.631?1 

40 

41 Model EPA-2 I n  153 i n .  0 s t a c k  
emissions para- 
meter .  ana lyzer  by 
Western P r e c i p i -  
t a t i o n  Div. of 
Joy Manufacturing 

a f t e r  ESP 

a! Induced d r a f t  s tack.  
M t e r  % c o l l e c t o r ,  f i l t e r  packed mult icyclones,  and 

with f i n e  g l a s s  
wool. Wet impinger. policeman. 
Water t rap .  

Aluridum thimble - 

192 EPA Elethod 5.  48 p o i n t s  a long 2 87-91 
parpendicular  l i n e s .  

2 .&/( in  s t a c k )  
l b / t o n  feed  

10.5b/ ( l e a v i n g  
g r a t e )  l b / t o n  
f e e d  

B Uncontrol led windbox Armco, Inc .  8170-11/70 150 tons f e e d / h r  a/ 
B 

(every windbox has a t  Ashland, KY ( feed h e r e  i n c l u d e s  
l e a s t  an i n e r t i a l  h o t  r e c y c l e  f i n e s  
c o l l e c t o r  f o r  l a r g e  from windbox and 
p a r t i c l e s )  ho t  s c r e e n )  

- a/ - a /  - a /  - a/ 40 - a /  0.2-0.44k1 0.31- b /  g r / s c €  

g r l s c f  
42 2.6 l b / t o n  feed 

( i n  s t a c k )  
75% of d u s t  l e a v i n g  g r a t e  i s  captured  by S - c o l l e c t o r s  m u l t i -  
cyclones and policeman. Only d u s t  emissions a r e  repor ted ,  n o t  o i l .  

Cont ro l led  windbox Armco, Inc .  8170-11/70 150 tons feed/hr  - a /  
s/ 

Ashland, KY 
- a/ After p i l o t  sc rubber  - a t  Same a s  above - a/ - a /  Concentrat ion varies from high t o  low as p r e s s u r e  drops  a c r o s s  

scrubber  was increased  from 23 t o  76 i n .  of H20. 
42 - a /  - a/ 

98.4 60 

- a /  

0.6 

0.005-0.021k1 - a/ 

0 . o d  
O.O012b/ 

Inland S t e e l  7/75 159 tons  s i n t e r /  118,500 
E. Chicago, I L  h r  

- a /  A 
A 

118 In  s t a c k  a f t e r  baghouse EPA Elethod 5 Standard EPA 
sampling t r a i n  0.0040-0.005eJ 0.0047s1 

0 . ~ 0 1 2 - 0 . 0 0 1 6 ~ /  0.0014&/ 

43 12 sample p o i n t / r u n j  5 minlsarnpling poin t ;  s t a i n l e s s  s tee l  0.026-0.03e-1 0 . 0 3 g 1  
probe on t e s t s  1 and 2 ,g lass  l i n e d  probe i n  t e s t  3. 0 .0079-0.01~/  23 0.0092b/ 



TABLE 6 .  (CONTINUED) 

Average 
emission Emission 

Test methodology Test results Process conditions 
Emission factors Process Gas Tvoe of Location of Sampling time Gas No. Measured concentrations _.  

factor factor Company/ Test production flow rate Gas sampling sampling Sampling Percent per run Range Avg . Range Avg . flow rate of runs 
(lblton sinter) reliability Source location date rate (dscfm) device device isokinetic (mid (dscfm) performed (grldscf) (grldscf) (lblton sinter) (lblton sinter) Comments Reference methodology temp. (OF) 

4 . d  
3. 8b/ 

C Controlled Windboxes Bethlehem Steel 12/75 
Johnstown, PA 

105 tons feedlhr 184,600 
(including recycled 
fines but excludes 
hearth layer) 

1194 tons input/ a/ 
day 

225 

- a/ 

- a/ 

123-180 

87 

268 

Nodif ied EPA 
sampling train 

In stack after Research 
Cottrell ESP 

105 120 EPA Method 5 0.6 1 NA 0.3221 NA 
0.256bl 

4.8~1 
3. 8b/ 
IbITons input 

Emission factor based on tonnage input and not sinter output. 
12 sampling points; 10 minlsampling point. 

44 

lbltons input 

a/ 55 - 

a/ 55 - 

0.35-0.72 15 

Uncontrolled windbox - a/ 
- a/ 0.205b/ 0.02-0.33b/ 

grlwet scf grlwet scf 
Armco, Inc. 7/71 
Houston, TX 

45 Concentrations represent only dust emissions and not 
condensed hydrocarbons. 

Kodified EPA 
sampling trains 
w/2 impingers 

Modified EPA 
sampling trains 
w/2 impingers 

Glass probe 
in stainless 
steel housing, 
glass cyclone, 
and glass fiber 
filter 

In inlet to pilot sized 
venturi scrubber 

- a/ 

- a/ 

Modified EPA Method 5 

Controlled windbox - a/ 0.003-0.0125b/ 0.003&/ 
grlwet scf grlwet scf 

Armco, Inc. 7/71 
Houston, TX 

1194 tons input/ a/ 
day 

45 Pressure drops were varied between 23 and 61 in. H20 
during the 55 tests. 

In out from pilot 
sized venturi 

al Controlled emissions 
(Assume windbox 
emissions) 

- Alan Wood Steel 5/71-6171 
Conshohocken, PA 

- a/ 2000-3000 - a/ 46 After hydro-clean 
scrubber pilot unit 

47 0.49LI C Combined effluent 
from sinter machines 
1, 2 ,  and 3 

Controlled effluent 
from two windboxes 

Alan Wood Steel 4/74 
Conshohocken, PA 

73.5 tonslhr of 279,200 scfm 
sinter (including 
recycled fines) 

120 tonslhr of 200,300 
sinterltwo 
machines 

94.2 120 

a/ 144 - 

1 NA 0.0155/ NA .495/ Standard EPA 
sampling train 

In stack after hydro 
cleaners 

EPA Method 5 

EPA Method 5 0.43!2/ 
0.9d 

B 
B 

48 Bethlehem Steel 6/75 
Bethlehem, PA 

Modified EPA 
sampling train 

In stack after ESP 

0 . N  B 0.19-0.22bl 0.2bl Controlled effluent 
from 4 sinter machine 

Bethlehem Steel 5/75 
Bethlehem, PA 

239 tonslhr of 138,100 
sinterlfour 
machines 

a/ 3 - 237 

302 

In stack after baghouse EPA Method 5 Modified EPA 
sampling train 

- a/ 120 

96.2 180 

48 

140 

breakers and hot screens 

Controlled effluent Kaiser Steel 6/75 
from sinter draft Fontana, CA 
system from machine 
No. 2 (Includes wind- 
box and discharge 
emissions) 

A 
A 

160 tonslhr. of 132,700 
sinter 

Microchemical In stack after baghouse EPA Method 5 
Specialties Co. 
M:Lsco Model 
7200 CM glass 
lined stainless 
steel probe and 
glass fiber 
fLlters 

0.9 3 0.21-0.38bI 0.30k/ 
0.4151 0.31-0.52~l - 

24 



TABLE 6. (CONTINUED) 

T e s t  resu l t s  Average Process conditions T e s t  methodology 
emission Emission Process Gas Type of Sampling time Gas No. Location of Emission factors  Measured concentrations 

sampling sampling Sampling Percent per run flow r a t e  of runs Range Avg . Range Avg . factor  factor  Company/ T e s t  production flow r a t e  Gas 
Comments Reference (lb/ton s in te r )  ( lbl ton s in te r )  ( lblton s in t e r )  r e l i a b i l i t y  Source location date  r a t e  (dscfm) temp. (OF) device device i sokine t ic  b i n )  (dscfm) performed, (grldscf) (grldscf) methodology 

2.&/ 

2 -321 

A 

A 

C 

C 

A 
A 

- a t  

- a/ 

- a/  

Controlled effuent 
from windboxes. 

CF&I 6/75 
Pueblo, CO 

329 ton/hr feed 232,400 
r a t e  (including 
recycled fines) 
164 ton s in te r lhr  

329 ton/hr feed 247,500 
r a t e  (including 
recycled fines) 
164 ton s in te r lhr  

102 tons/ h r  of 199,000 
s in t e r  

2 2 1  - a /  EPA Method 5 I n  stack a f t e r  multi- 
clones and ESP 

101.6 143 

117 io8 

0.4 3 1.8-2. oh/ 2.&/ 

2.16 -2.7- C/ 2.34- C /  

49 

49 

50 

51 

51 

52 

6.87- b/ 

6.9fE1 
lb/ ton feed 

lb/ ton feed 

0 . 3 2 /  
0.72.21 

CF&I 6/75 
Pueblo, CO 

Uncontrolled eff luent  
fran windobxes. 

195 -. a/  In ducting before m u l t i -  
clones and ESP 

EPA Method 5 0.510-1.494b/ 1.053b/ 0.4 3 0.544-1.52a~/ i.07ac/ 

- 

3.01-10.63b/ 6. a7g/ 
3.21-10. a7./ lb/ton 6.9621 feed 

lb/ton feed 

0.2a-0.37b/ 0.32b/ 
0.64-0. a 0 . 7 2 ~ 1  

4 of the s i x  t e s t s  w e r e  above 110% isokinetic.  

149 

407 

419 

320 

99 176 

99 i a o  

99.6 i a o  

51 i a o  

- a/  3 

a/ 5 - 

- a/  5 

0.5 3 

Controlled eff luent  
gases from windboxes 

Granite City 5/75 
Steel  Division 
Granite City, I L  

Jones & Laughlin8/72 
Steel 
Aliquippa, PA 

Jones & Laughlin8/72 
Stee l  
Aliquippa, PA 

Jones & Laughlin2/73 
Stee l  
Aliquippa, ?A 

Standard EPA In stack a f t e r  venturi  EPA Method 5 
sampling t r a in  scrubber 

Controlled emissions 
(source unclear). 

- a/  146,200 "A" Duct leading t o  main EPA Method 5 
stack a f t e r  precipi ta tor  

Controlled emissions 
(source unclear). 

- a/  138,200 "B" Duct leading t o  main EPA Method 5 
stack a f t e r  precipi ta tor  

Controlled effluent. 
Portion of windbox 
emissions. 

Modified EPA 
sampling t r a in  

After precipi ta tor  EPA Method 5 0.195-0.997 lb/hr  0.565 lb/hr Test on ESP p i lo t  uni t .  

2,130 113 - a/  125 - a/  6 0.03 (sol id  part.) C Controlled effuent. 
portion of windbox 
emissions. 

Jones & L a u g h l i d 7 4  
Stee l  
Aliquippa, FA 

Stainless  s t e e l  After precipi ta tor  
probe, impingers 
f iberglass  f i l t e r  

0.0065-0.0174 0.0115 
(sol id  part. and cond. HC) 
0.0011-0.0033 0.0092 
(sol id  par t iculate)  

0.005-0.0206 0.0092 
(sol id  par t iculate)  
0.0333-0.0472 0.039 
(sol id  part. and cond. HC) 

0.04-0.08 0.16 

0.03 

Test on Mikropul p i lo t  wet ESP. 
Sample not analyzed by EPA Method 5. 

53 

0.13 (sol id  part.) B 

- a/  

1,632 246 .Sample taken a t  center 
point of duct 

- a/  60-120 - a/ 7 - a/ 54 Controlled eff  leunt. 
Portion of windbox 
emissions. 

Jones & Laughlin4173 
Steel  
Aliquippa, PA 

Stainless  s tee l  A f t e r  gravel bed 
probe, impinters 
(no f i l t e r )  

0.13 

0.56 

T e s t  on pi lo t  gravel bed f i l ter .  Sample not 
analyzed by EPA Method 5 since drying f i l t e r  
and evaporating impinger water drives off 
condensible hydrocarbons. 

- a/  351 - a /  120 0.49 1 NA Controlled eff luent  
from windboxes . Jones & Laughlin5175 

Stee l  
Aliquippa, PA 

- a/  EPA Method 5 East breeching 15 f t  
downstream of fan out le t  
& a f t e r  mechanical col- 
l ec tors  

Standard EPA 
sampling t r a in  

NA 0.15b/ 55 
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Test results Average Test methodology 
emission Emission Process Gas Type of Location of Sampling time Gas No. Measured concentrations Emission factors 
factor factor Company/ Test production flow rate Gas sampling sampling Sampling Percent per run of runs Range Average Range Average flow rate 

Reference (dscfm) tem p C'F) ._ device device isokinetic (mid (dscfm) performed _ _  (R rldscf) (grldscf) (lblton sinter) (lblton sinter) Comments methodology Ilb/tan sinter) reliability Source location date rate 

- a/ - a/ Controlled emission5 Jones h Laughlin 5/75 - a/ 207,400 310 Standard EPA West breeching 15 ft EPA Method 5 - a/ 120 0.47 1 NA 0.1911 NA - a/ 55 
from windboxes Steel sampling train downstream of fan out- 

Alquippa, PA let and after mechani- 
cal collectors 

0.185b/ 
lb/ton feed 

- a/ 

2/76 

7/75 

184 tons feedlhr 351,900 

- a/ 118,500 

0.0085-0.0132~/ 0.0113bI 3 

0.004-0.0051~/ 0.0047b/ 3 

0.13-0.21b/ 
lb/ton feed 

- a/ 

Method 5 analytical procedures were modified to 
include chloroform-ether extractions of the im- 
pinger fraction. 

56 B Controlled emissions Facility C 
from windboxes 

Modified EPA Method 5 229 - a/ After baghouse 0.185bI 
lblton feed 

- a/ Controlled emissions Facility C 
from discharge hood, 
breakers, hot fines 
bin, two transfer 
points and vibrating 
feeder to cooler 

B Uncontrolled emis- Facility F 
sions from windboxes 

Modified EPA Method 5 After baghouse 169 - a/ at - Same as above 56 

6.86b/ 
lb/ton feed 
6.86~1 
lblton feed 

2.0b/ 

2.2C/ 
lb/ton feed 

lb/ton feed 

0.13b/ 
lb/ton feed 

lb/ton feed 

0.093bl 

0.192/ 

6/75 

5/75 

329 tons feedlhr 247,500 

257 tons feedlhr 179,000 

194 - a/ Cyclone inlet 

Scrubber inlet 

Modified EPA Method 5 

Modified EPA Method 5 

3 1.05kl 

1. osc/ 

0.94-1.16b/ 

0.94-1.16~/ 

5.86-7.3711 
lb/ton feed 

lblton feed 

1.9-2.2bI 
lblton feed 
2.0-2.44 
lb/ton feed 

0.11-0.16~l 
lb/ton feed 
0.15-0.21~l 
lblton feed 

5.9-7.44 

6.8611 
lb/ton feed 
6.86~1 
lb/ton feed 

2. 011 

2.2.1 
lb/ton feed 

lb/ton feed 

0.1311 
lb/ton feed 

lblton feed 

0.093b/ 

0.1711 

0.19s/ 

0.21cl 

l.l8c/ 
0.956&/ 

Same as above 

Same as above 

Same as above 

56 

56 

56 

B Uncontrolled emis- Facility C 

B 
sions from windboxes 

272 - a/ 0.323-0.362y 0.338b/ 

0.349-0.392~/ 0.369:l 

4 

Modified EPA Method 5 B Controlled emissions Facility G 5/75 257 tons feedlhr 199.000 

B 
fron windboxes 

Scrubber outlet 149 - a/ L 

B Controlled emissions Facility R 4/76 473 tons sinterlhr 272.200 

55 tons sinterlhr 49,600 B Controlled emissions Facility S - a1 
B f r o m  windboxes 

A Controlled emissions Geneva Works, 
from windboxes f a r  USS 
east sinter strand 

Controlled emissions Geneva Works, 
from windboxes for USS 
wesi sinter strand 

from windboxes 

6/7-9178 61 tons sinterlhr 192,000 

617-9178 58 tons sinterlhr 181,000 A 

6/7-9178 119 tons sinterlhr 41,200 A Controlled emissions Geneva Works, 
from discharge ends USS 
of east and west 
sinter strand 

125 - a/ Scrubber outlet 

105 a/ Met ESP outlet - 

Modified EPA Method 5 

Modified EPA Method 5 

0.019-0.022b/ 0.01981/ 

0.003-0.022b/ O.Ol&/ 
0.003-0.017c/ 0.012~/ 

0.0273-0.04371/ 0.0359tJ 
0.0334-0.05132/ 0.04422/ 

a/ - - a/ - a/ - a/ 3 

a/ 38 - a/ - - a/ 
56 

56 - a/ 
- a/ 
0.81 2- 1.111 
0.993-1.29121 

103 E ~ A  Methad In north orifice 
5 train scrubber outlet 

stack 

105 EPA Method In south orifice 
5 train scrubber outlet 

stack 

104 EPA Method In orifice scrubber 
5 train outlet stack 

0.49-0.57 3 98.4-100.9 120- 144 EPA Method 5 at 48 
points 138 

EPA Method 5 at 
32 points 

98.9- 102.4 112-128 0.54-0.57 3 0.0265-0.0439b/ 0.035411 
0.0342-0.0553~/ 0.0451cJ 

0.72- 1.13bl 
0.93- 1.423~1 138 

EPA Method 5 at 48 
points 

0.46-0.49 3 95.7-102.2 120-144 0.293-0.809~/ 0.286-0.782&/ 138 

- a/ 
- b/ - c/ - d/ 
- e/ 

Reference provides insufficient data o r  corroboration of data. 
Based on particulate collected in the front half of sampling train. 
Based on particulate collected in the front and back halves of the sampling train. 
Unclear whether value is based on particulate collected in front half of sampling o r  in front and back halves combined. 
AISI-compiled tests selected as acceptable by Peter Westlin, Test Support Section, OAQPS. 
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TABLE 7. SUMMARY OF EMISSION FACTORS FOR BASIC OXYGEN FURNACES 

Average Process condi t ions T e s t  methodology T e s t  r e s u l t s  
emission Emission Emission f ac to r s  Measured concentrations 

( lb l ton  s t e e l )  r e l i a b i l i t y  Source loca t ion  da te  ra te  (dscfm) c F) (fpm) device device methodology i sok ine t i c  ( m i d  (dscfm) f \  (e r ldsc  f \  ( l b l ton  s teel)  f lb l ton  steel)  corn en t s  (er ldsc performed 

Type of Location of Sampling No. Sampling t i m e  Process Gas Gas Gas 
f ac to r  f ac to r  Company/ T e s t  production flow rate temp. ve loc i ty  sampling sampling Sampling Percent per  run flow rate of runs Range Avg . Range Avg . 

References 

30 l b l t o n  of 
input 

D Uncontrolled Company B - a/ - a/ 
melting and (AISI data)  
r e f in ing  

Estimate; open hood - a /  - a/ - a/ - a/ 30 lb / ton  
of input 

57 

3.28 f o r  22-50 37 

steel 4.96 
f o r  a l l o y  
steel 

2 - Si l icon  steel 2.83-5.57 
3 - Alloy s tee l  s i l i c o n  

Sampling during blowing; open hood 58,59 37 B Uncontrolled Company H 8129-30172 80 tons of s teel  159,000 380-440 - a /  
melting and (AISI da ta )  per hour scfm 
re f in ing  

a/ - a/ Approx. 20 min 
t o  30 min 

- ASTM sampling I n  8.5 f t  0 ASTM D2928 
t r a i n  assembled duct before  
a s  components scrubber 

o.o&f None O.llb/lb/ton of 
input 

A Controlled melt- Company B 
ing  and r e f in ing  (AISI data)  
emissions col-  
l ec ted  from 4 hea ts  

ce/ Controlled melt- Company B 
C ing and r e f in ing  (AISI da ta )  

emissions col-  
lected from 4 heats  

12/19/74 

12/8-10/71 

919-10175 

- a/ 

11/6-7174 

11/16-18/71 

10/20-22/75 

290.9 tons of 
input t o  
furnace per  
hour 

- a /  

269,000 245 

- a /  

- a /  

82-122 

140-155 

- a /  

202-207 

Lear-Siegler 
P M l O O  manual 
s t ack  sampler 

3,564 avg EPA Method 5 In 18 f t  0 
stack follow- 
ing ESP 

106 2.3 hr during 0.53 
4 h r  of produc- 
t i o n  

1 None 0.lltJ lb/ ton Open hood 
of input 

60 

I n  17 f t  0 EPA Method 5 
s tack follow- 
ing ventur i  
scrubber 

In 8.5 f t  0 EPA Method 5 
duct a f t e r  
scrubber 

In  stack a f t e r  ASME PTC 27 

81.1-93.3 120 - a /  3 0.0199- Oe0293i/ 0.0705- 

0.0281- 0.03692/ 0.0998- 
0.0353bI 0.106bJ 

0.0424~/ 0.1272/ 

a/ - a/ 0.07- - 
0.28 

0.09hl I n  two of t h e  3 tests, some 57 
pa r t i cu la t e s  passed around 
f i l t e r  and passed i n t o  impingers; 
open hood 

O.llZ/ 

RAC 2343 
Staksamplr 

214,000- 
224,900 

- a /  

245,000- 
262-500 

67,900- 
69,200 

56,600- 
62,400 

227,000- 
258.000 

0.21 reported 
0.15 avg 

a/ - a /  - a/ - CS/ Controlled melt- Company H 
B ing  and re f in ing  (AISI da ta )  

emissions 

80 tons of 
s t e e l  per  
hour 

216-230 tons of 
steel  per heat  

0.15 Scrubber operated between 50 and 58 
60 i n .  H20. 

0.033 a/ 69 - a/ - 0.033 Sampled during blowing of 4 heats; 
Scrubber operated between 65 and 
76 in.  H20; open hood. 

61 B Controlled melt- Company A 
ing and r e f in ing  (AISI da ta )  
emissions 

ASME sampling 
t r a i n  

0.004-0.02 0.011 0.012- 
0.059 only during 

blowing 
quencher and 
scrubber 

I n  6.5 f t  0 
stack 

- a/ 

I n  12 f t  0 
s tack a f t e r  
dry ESP 

0.OlScJ Ce/ 100-102 59-75 3 0.013- 
O.O15g/ 

0.014g 0.0138- 
O.O163g/ 

O.O15i/ 62,143 Af te r  unknown gas cleaning system; 
Closed hood; sampled during blowing 
of 4-5 hea ts  per run. 

Controlled melt- Company A 
ing and r e f in ing  (AIS1 da ta)  
emissions 

200 tons of 
s t e e l  per hour 

Unspecified 
but EPA 
approved 

2,660 EPA Method 5 

63,143 Same as above. Controlled m e l t -  Company A 
ing  and r e f in ing  (AISI da ta )  
emiss ions 
Controlled melt- Company J 
ing and r e f in ing  (AISI da ta )  
emissions 

- a/ 

EPA Method 5 

0.007 

0.105kJ 

C 

AS/ 

200 tons of 
s t e e l  per hour 

170 tons of 
steel  per  hour. 
(42 min avg cycle 
time) 

_. a/  - a/ 101-113 - a /  

100-108 140 

0.005-  
0.014 

0.012- 
0 * 01&/ 

0.008 0.004- 
0.0089 

0.007 

0.105 1.06-1.09 
acfm 

RAC Staksamplr 3,100-3,600 Sampled during blowing of consecutive 
heats ;  open hood 

64 0.012 0.0926- 
0.115 
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TABLE 7. (CONTINUED) 

Test results Average Process conditions Test methodology 
emission Emission Process Gas Gas Gas Type of Location of Sampling time Sampling No. Emission factors Measured concentrations 

factor factor Company/ Test production flow rat,? temp. velocity sampling s amp 1 ing Sampling Percent per run flow rate of runs Range Avg . Range Avg . 
Reference Comments (gr/dscf) (lb/ton steel) (lb/ton steel) device methodology isokinetic (mid (dscfm) performed (gr/dscf) - (lb/ton steel) reliability Source location date rate (dscfm) (OF) (fpm) device 

A Controlled melt- 
ing and refining 

A emissions 

Bethlehem Steel, 
Bethlehem, PA 

1/72 274 tons of steel 
per heat 
344 tons of steel 
per hour 

493500 200 2,955 RAC Model 2343 
Staksamplr modi- 
fied with EPA 
approval 

RAC Model 2343 
Staksamplr 
Modified 

211900 240 1,555 

I n  18 ft 0 Modified EPA 
stack after 
ESP 

Method 5 
106.5 120 0.72 3 0.0231 - 0.03475/ 0.161-0.402c/ 0.26E/ 

0.0516d 
65 Sampling from end of charge to 

beginning of tap; covered 4 
heats; open hood. 0.0156 - 0.027- b/ 0.109-0.35&/ 0 . 2 N  

0.045l!2/ 

0 . 0 8 d  0.010~/ 0.0631-0.107~/ 0.00831 - 
0.013d 

0. 00939h1 
0.052??/ b/ 0.037-0.07$/ 0.00499 - 0.0067- 

Controlled melt- 
ing and refining 
emissions 

Alan Wood Steel, 
Conshohocken, PA 

11/ 71 146 tons of steel 
per heat 
160 tons of steel 
per hour 

190 ft up in EPA Method 5 
16.5 ft 0 
stack after 
ESP 

C 

C 

116.2 
(113.7 - 
119.2) 

94 0.42 3 Sampling from beginning of scrap 
preheat to beginning of tap; 
covered 4 heats/run; open hood. 

66 

161 0.72 3 RAC Model 2343 57650 126 2,597 Staksamplr 

Modified 

103.4 A 

A 

Controlled melt- 
ing and refining 
emissions 

U.S. Steel, 
Lorain, Ohio 

1/72 230 tons of steel 
per heat 
276 tons of steel 
per hour 

After cyclone EPA Method 5 
and venturi 
scrubber. 

0.00375 - 0.00495/ 0.00335-0.00612~/ 0.00475/ 
0.00637d 

67 Sampling from beginning of blow to 
beginning of tap; 6 heats covered; 
closed hood. 0.002&/ 0.00147-0.00484k/ 0.002&/ 0.00164 - 

0.00503!?/ 

0.76 3 58770 RAC Model 2343 
S taksamp lr 

120 2,620 After cyclone EPA Method 5 
and venturi 
scrubber. 

106.4 160 0 . 0 0 8 d  0.00515-0.013~/ 0.0079d 

0.003&/ 0.00202-0.00827L’ 0.004&’ 

0.00466 0.0145d - 

0.00222 - 
0.007!?/ 

A 

A 

Controlled melt- 
ing’ and refining 
emissions 

U . S .  Steel, 
Lorain, Ohio 

11/71 230 tons of steel 
per heat 
276 tons of steel 
per hour 

Sampling from end of charge to 68 
beginning of tap; G heats covered; 
newly installed scrubbers; closed 
hood. 

Modified 

- a/ EPA Method 5 - a/ B Controlled melt- Inland Steel, 4/75 
ing and refining E. Chicago, 
emissions Illinois 

Model No. AP- 
5000 Modular 
Stack-0-Lator 

123.2 2,160 6 0.004 - 
0. oo&/ 

Sampling from beginning of blow to 
beginning of tap; 2 heats/run; 
closed hood. 

69 257 tons of hput 
per heat 

50580 

6 0.014d a/ - 
0. oo&/ 

0.007 - 
0.02751 

0.006 - 
O.O1l!2/ 

- a/ 

B Controlled melt- Inland Steel, 5/75 
ing and refining E. Chicago, IL 
emissions 

257 tons of input 
per heat 

54250 139.8 2,382 Model No. AP- 
5000 Modular 
Stack-0-Lator 

- a/ EPA Method 5 Sampling from beginning of preheat 
to beginning of tap; 2 heats/run; 
closed hood. 

69 

15-20 2 Precipitator - a/ 47 mm filter 
attached to front stacks 
of probe followed 
by condensate trap 

0.01134 - a/ 
gr/scf 

Sampling during one blow period/run; 
open hood. 

70 C Controlled melt- Kaiser Steel, 7/72 
ing and refining Fontana, Calif. 
emissions 

190900 340 

28 



TABLE 7.  (continued) 

Average Test results 
emission Emission Process conditions Test methodology Measured concentrations Emission factors 

Process Gas Gas Gas Type of Sampling time Sampling No. Location of 
Company I Test production flow rate temp. velocity sampling Sampling Percent per run flow rate of runs Range Avg . Range Avg . sampling 
location date rate (dscfm) (OF) (fpm) device device methodology isokinetic bin) (dscfm) 

factor factor 

(lb/ton steel) Comments Reference (gr/dscf) (lblton steel) (grldscf) performed (lblton steel) reliability Source 

0 . 0 1 5 d  

0.01321?/ 

200 tons of A Controlled melt- Armco Steel, 10171 

A 
ing and refining Middletown, Ohio steel per 
emissions heat 

0.015=/ 
bl 0.0132- 

39,300 148 1,835 RAC Model 2343 BOF Stack No. EPA Method 5 103 237 
Staksamplr con- 1 5 ,  after 
forming to venturi 
Method 5 scrubbers 

0.49 3 0.0125-0.016&/ 0 . ' 0 1 4 9 /  0.015@/ 0 .0115-0 .014 lk~  
0.0112-0.0145!?/ 0.0125k/ 

71  Sampling from end of charge to 
beginning of tap; 6 heats per 
test; closed hood. 

C 

C 

Controlled melt- 
ing and refining 
emissions 

National Steel, 1 2 / 7 1  
Weirton, IiVA 

138 0.65 3 
72 0.0998-0.127%/ 0 . 0 2 8 1 - 0 . 0 4 2 d  0 .036E1 

0 .  0353k1 0.035&/ 0.106w 
0 . 1 1 4 3 d  
0.10&/ 

Sampling from end of charge to 
beginning of tap; 4 heats per 
run; open hood. 

340 tons of 
steel per 
heat 

219,000 87 (only one 137 In stack after EPA Method 5 1,304 RAC Model 2343 
Staksamplr venturi test between 
Modified with scrubber 
EPA approval 

90 and 110) 

0.0556b/- 
primary hood 
0.05CI4k1- 
secondary hood 

0.0548-0.0564b1 0.0223b/ (primary hood) (primary hood) 

0.037-0.0638b1 O.O089b/ 
(sec. hood) (secondary hood) 

0.0556b1 (primary hood) 

0.0504b1 
(second. hood) 

6 heats per run; secondary hood 
collects charging and tapping 
emissions; primary hood collects 
blowing emissions; closed hood. 

Controlled melting, Republic Steel, 8/77 
refining, charging and Chicago, IL 
tapping emissions from 
a Q-BOP 

90,000- 140- - a/ 
primary hood primary hood 

secondary hood secondary 
180,000- 120- 

hood stack 
gas 

2-primary 0.0221-0. (primary hood) 0225k1 
hood 
Z-secondary 0.0066-0.0112-, b/ 
hood (secondary hood) 

73 A 

A 

247 tons of 
input per heat 
247 tons of 
input per hr 

98 - a/ In stack after EPA Method 5 
venturi scrubber with approved 

modifications 

O.O092d/ lb per 
ton of input 

C U.S. Steel, 11 /74  Controlled melting 
refining, charging and Fairfield, AL 
tapping emissions from 
a Q-BOP 

74  227 tons of input 68,600 
per heat 
332 tons of input 
per hr 

- a/ 76,300 

- a/ 0.013-0.015dl 0.014dl Closed hood; pressure drop 
across scrubber is 57 in. H20; 
sampled during oxygen blow. 

0.0092dl 145 In stack after a/ 
gravity collector, 
quencher, and 
scrubber 

101 60 3 

3 0.02180k/ A/ 0.02108- 
O.O23llb/ 

Sampled during oxygen blow; 
closed hood. 

75 - a/ Controlled melting U.S. Steel, 10178 
refining, charging and Fairfield, AL 
tapping emissions from. 
a Q-BOP 

- a/ Controlled melting, U.S. Steel 10178 
refining, charging and Fairfield, AI. 
tapping emissions from 
a Q-BOP 

ing and refining 
emissions 

ing and refining Fontana, Calif. 
emissions 
Controlled melt- Interlake Steel, 1975 
ing and refining Chicago, IL 
emissions 

- a/ Controlled melt- Bethlehem Steel 1974 
Burns Harbor, IL 

- a/ Controlled melt- Kaiser Steel, 1972 

- a/ 

163 3,352 Standard EPA After scrubber EPA Method 5 
Method 5 train controlling 

primary hood catch 

3,752 Standard EPA After scrubber EPA Method 5 
Method 5 train controlling pri- 

mary hood catch 

98.7 60 

Sampled from beginning of blow to 75 

beginning of tapping (therefore, 
includes turndown); closed hood. 

0.00997- O.O1006b! a/ 
0.01573b1 

- a/ 92,700 3 158 105 63 

- a/ bl 0.022- Open hood; pressure drop across 
scrubber is 55 in. H20. 

76 300 tons per heat a/ After venturi EPA Method 5 
scrubber 

60 

60 

60 

0.53 

0.53 

0.53 

Open hood. 76 120 tons per heat a/ - a/ - a/ After ESP - a/ 

Open hood. 76 80 tons per heat a/ 
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TABLE 7 (continued) 

- _- 
Test methodolopy Test results Process conditions - Average 

emission Emission Process Gas Gas Gas Type of Location of Emission factors Measured concentrations 

methodology isokinetic (min) (dscfm) performed (ar/dscf) (arldscf) 

Sampling time Sampling No. 
sampling S amp1 ing Percent per run flow rate of runs Range Avg . Range Avg . factor factor Company/ Test production flow rate temp. velocity sampling 

Comments -- Reference (lb/ton steel) (lb/ton steel) w o n  steel) reliability Source location date rate (dscfm) (OF) - (fpm) .__ device device 

4/ 10- 17/78 

4110-17/78 

2/11,12, 
17/76 

1218-10175 

4128-29/75 

41 28- 291 7 5 

5/1/75 

- a/ 

Feb. and 
March 1975 

120 tonslheat 90,600-104,400 458-515 4,780-5,550 In-stack alundum In duct before ESP ASME PTC 27 
thimble 

90-109 72-79 0.3 

75-83 0.6 

144 - a/ 

7.26- 9.3241 8.14/ 

0.00935-0.022&/ O.O125L/ 

24.241 21.4- 2 7.741 Sampled during blowing and reblowing; 
open hood. 

Sampled during blowing and reblowing; 
open hood. 

137 

137 

24.241 

O.O614b/ 

A Uncontrolled melt- CF&I Steel, 
ing and refinin!: Pueblo, CO 
emissions. 

refining emissions. 
A Controlled melting and CF&I Steel. 120 tonslheat 151,500-169,900 4,040-4,410 Method 5 train In stack after ESP EPA Method 5 (undetermined 92-100 247-289 

No. of points) 
0.0426-0.11224/ 0.0614&/ 

Pueblo, CO 

Company J 
(AISI data) 

Company J 
(AISI data) 

Company D 
(AISI data) 

Company D 
(AISI data) 

Company D 
(AISI data) 

Company A 
(AISI data) 

Company A 
(AISI data) 

G.137dl lblton of C5/ Controlled melting 
input and refining emis- 

sion 

305 tons charged 383,000- 
per hour 399,000 
45 min. avg 
cycle time 

- a/ 268,000- 
287,000 

250-282 5,900- - a/ 
6.400 

In 12 ft 0 
stack after 
dry ESP 

EPA Method 5 85-94 dl 0.137- d/ 0.12-0.15- 
lblton input 

0.0115- 0.016&/ 
0.01&/ 

7.3 Sampled during oxygen blow of 
consecutive heats. Open Hood 

G.162d! lbltori of Ce! Controlled melting 
and refining emis- 
sion 

input 

O. 291 B- el Tapping 

d/ 0.162- d/ 0.14-0.21- 
lb/ton input lblton input 

Open hood 247-269 4,400- - a/ 
5.000 

- a/ EPA Method 5 After dry ESP 5 

15 

0.014- 
0 . 0 2 d J  

0.0195u 79 

60 196-216 tons of $1 
steel per heat 

In-stack filter; tapping - a/ 
emissions captured by 
primary hood. 

0.291 0.051-0.891 Value represents uncontrolled 
emissions factor calculated 
assuming 93% avg capture effi- 
ciency. 

value represents uncontrolled 
emission factor calculated 
assuming 78% avg capture effi- 
ciency. 

Assumed 100% capture efficiency. 

81 

82 

0.0218- 
0.387 
grlacf 

0.0935 
grlacf 

el 0.142 lb/ton of  5- 
hot metal charged 

Charging 147-182 tons of a/ 
hot metal charged 
per heat 

- a/ In-stack filter; charging 
emissions captured by primary 
hood. 

15 0.0675- 
0.526 
grlacf 

0.210 
gr/acf 

0.142 

metal lblton charged hot 

0.025-0.369 

metal lb/ton charged hot 

0.056 lb/ton oE e51 
metal poured 

Hot metal transfer 160-184 tons of a/ 
hot metal poured 
per heat 

In-stack filter; emissions - 
captured by reladling station 
hood. 

a/ 8 0.0690- 
0.237 
grlacf 

0.13 
gr/acf 

0.029-0.098 0.056 
lblton hot 
metal poured 

lblton 
hot metal 
poured 

a/ - a/ - 
0.28 C llonitor emissions - a/ Hi-Vols and In roof 

hot wire monitor 
anemometers 

Divided monitor into 12  equal 

each section. 

a/ 
area sections and sampled in 

- 53 1 in each of ./ 
12 sections. 

- a/ 

0.34-Emissions escaping 
monitor during 1 hr 
time 

0.16-captured charging 
emissions 

0.5-captured charging 
emissions and uncap- 
cured monitor emis- 
sions 

Uncontrolled monitor 
emissions 

6,400 tons of 30,700-104.000 
steel per day acfm (through 

169-378 3 Gelman Hurri- In front of 
fpm (through cane air samplers openings in 

room monitor openings) and Datametrics 
air flow multi- and side of 

building meters (hot- 
wire anemometers) 

Divided building into 8 zones. a/ 

an east and west monitor 
opening and an opening in the 
east side of the building at 
at intermediate level. Sampled 
all 3 openings simultaneously. 
Repeated process for each 
zone. 

Each zone has 3 openings: 
- This BOF shop had a secondary hood 84 

capturing charging emissions. 0.16 
lb/ton was captured in the hood. 

33-57 1 hrlzone acfm 0.28-0.44 0.34 3 simultaneous 0.0026- 
runs/zone and 0.0389 
8 zonesltest grlacf 
and 3 tests. 

an opening within 
a zone) 
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TABLE 7. (CONCLUDED) 

Test Resul t s  Process condi t ions  T e s t  methodology 
Average 
emission Emission 

Fmission f a c t o r s  Measured concent ra t ions  No. Sampling t i m e  Sampling 

(dscfm) (' F) (fpm) device device methodology i s o k i n e t i c  (min ) (dscfm) 

Process Gas Gas Gas 5 P e  of Location of 

of runs Range AVg Range AVg production f low rate temp. v e l o c i t y  sampling s m p l  ing  sampling Percent  p e r  run f low rate f a c t o r  f a c t o r  Company/ Test 

Reference performed ( g r l d s c f )  (Fr /dscf )  ( l b / t o n  s teel)  ( lb / ton  s t e e l )  Comments 
0 r e l i a b i l i t y  Source l o c a t i o n  d a t a  r a t e  ( l b l t o n  s t e e l )  

0.3 Open hood 05 0.26- 0.31 - a /  - a /  1 r u d z o n e  0.02- 0.008 1 Gelman H u r r i c a n e h  f r o n t  of opening Divided bui ld ing  i n t o  9 a/ 0.3 ce/ Monitor emissions Company A 
(AISI d a t a )  711-2175 

- a /  

1212-4/75 

1 2 1  2-4/75 

1212-4/75 

1212-4/75 

April ,  May 
1978 

March, May 
1978 

March 1978 

- a /  

- a/ 

12,000 tons  of 
s t e e l  p e r  day 

152,000-33,150 
330,150 acfm 
(through an 
opening) 

- a/ 

300 

- a /  

- a/ 

- a /  

- a/ 

135-248 

168-234 

173-313 

380-1,080 
fpm (through 
openings) 

a i r  sampler 
and a f lowtronic  
Model 55B1 hot- 

zones. Each znne has 
only one opening. 

i n  roof monitor g r l a c f  and 9 zones/ 0.037 
test  and 3 g r l a c f  
t e s t s  

wire anemometer 

Grate i n  roof monitor 
above opera t ing  80T BOF. 

Roof monitor 
openings 

- a/ 

High volume samplers 

0.06 acfm - a /  - a /  

95 - a/ - a/ 

- a/ 

488-775 

MSA personnel 
samplers 

- a /  

- a /  0 0027 
g r l a c f  

0.019- 0.024 
0.028 

- a/ 100 tons of 
s t e e l  p e r  h r  

120 tons /  heat  

- a /  Made m u l t i p o i n t  nonsimultaneous v e l o c i t y  measure- 06,07 0.147 
ments with thermal and vane t y p e  anemometers. 

Short  term tests f r u n  charging i n i t i a t i o n  t o  t i m e  - a/ when b u i l d i n g  c l e a r s .  00 

I n t e r l a k e ,  Inc. 
Riverdale,  I L  

CF&I S t e e l  
Pueblo, Cola 

Monitor emissions 0.147 

- a /  

C 

- a /  
6 

1.62 x LO6- 
2.58 x 10 
s c f m  

2.44 x 10 
s c f m  

6 
2.24 x lo6 
2.53 x 10 
scfm 

2.35 x IO6-  
2.45 x 10 
scfm 

6 

6 

- a /  Uncontrolled 
monitor emissions 

- a /  

- a/ 

Roof monitor High volume samplers 
openings 

Roof monitor High volume samplers 
openings 

95 - a/ - a/ 

95 - a/ - a/ 

1 0.005 729 

669-757 

- a /  a/  Test  r a n  over  c y c l e  marked by t h e  t ime t h e  bui ld ing  
c l e a r s  a f t e r  charging. 

T e s t s  r a n  over  c y c l e  marked by s lagging  
i n i t i a t i o n .  

- 
00 

e a/ 
00 

120 t o n s l h e a t  a/ - 

- a /  

Uncontrolled 
monitor emissions 

CF&I S tee l  
Pueblo, Cola 

CF&I S t e e l  
Fueblo,Col. 

3 0.005- 0.009 
0.012 

120 t o n d h e a t  - a /  Uncontrolled 
monitor emissions 

Roof monitor High volume samplers 
openings 

95 - a/ - a /  721-736 - a /  0.005- 0.006 
0.007 

c a /  a /  Tes ts  r a n  over  c y c l e  marked by charge i n i t i a t i o n .  08 - 120 t o n s l h e a t  Uncontrolled 
monitor emissions 

CF&I S t e e l  
Pueblo,Col. 

- a /  

3,840-4y530 Method 5 t r a i n  I n  hot  metal  t rans-  EPA Method 5. 8 p o i n t s  
f e r  hood branch dus t  sampled p e r  t e s t .  
leading t o  ESP 

I n  secondary hood Single  p o i n t  
duct lead ing  t o  wet sample 
scrubber; probe loca- 
ted 1.5 dia .  downstream 
of bend i n  duc t  

EPA Method 5. 10-12 
Sane a s  above p o i n t s  sampledl tes t  

- a /  - a /  

- a /  - a /  

91.1-109.7 1.3-3 -0 2.8-5.1 0.0844- 9.682kJ 1.6567bI 

0.1095-9.6994~/ 1 . 6 7 6 9 ~ 1  

0.379- 2.3591/ 0.917&/ 

0.4445-2.39022/ 1.0118C/ 

- - 

- 

Tests r a n  over  1-2 t r a n s f e r  operat ions.  Avg EF i n  133 0.118il Ib/ ton hot  meta l fa r  l e f t  column i s  ad jus ted  t o  account f o r  

0.119~/ uncaptured emissions. 
l b / t o n  hot  metal 

l b / t o n  hot  metal  traverse f o r  each t e s t  so t h a t  only t h e  avg of 
0 .66~/  
l b / t o n  hot  metal  

Sampling was done a t  a d i f f e r e n t  po in t  along the 134 0.61/ 

t h e  s i x  t e s t s  i s  r e p r e s e n t a t i v e  

29.1-90.4 tons  
of hot  metal/min 
of pouring 

33,000-46,000 0-009-0.51lb/ 
l b / t o n  0.012-0.512b/ ho t  metal  - 

l b / t o n  hot  metal  

l b / t o n  hot  metal  

l b l t o n  hot  metal  

0.2- 1.2&/ 

0.23-1 .22~/  

0.15- 2.28IJ 
0.18-2.32~J 

0.3-0.4 

Wisconsin S t e e l  
Chicago, I L  

Hot metal  t r a n s f e r  0.19&/ l b / t o n  metal  A 
0 . 1 9 2 ~ /  l b / t o n  hot  metal  

97.2-107.5 2.2-4.3 2.0-4.5 49.5-91.6 tons  268,000- 
of hot metallmin 463,000 
of charging 

4,610-7,600 Method 5 t r a i n  Republic S t e e l  
Chicago, I L  

0.6b/ l b / t o n  hot  metal  A 
0 . 6 6 ~ 1  l b / t o n  hot metal  

Charging 

1.0-2.0 3 134 92.6- 102.5 4.7-6.0 

37.6-48 tons  of 106,000- 
s t e e l  tappedlmin 196,500 

Method 5 t r a i n  Republic S tee l  
Chicago, I L  

0.9211 
0.96~1 

0.3-0.4 

0.15- 0.2 

A Tapping 

- a /  

- a/ 

- a /  

- a /  

Estimate 

Estimate 

77 

77 - a/ 

- a /  

- a /  

- a /  

a/ 

- a /  

- 0.15-0.2 0.17 - a /  

- a/ 

D 

D 

Charging 

Tapping 

~ - a /  Reference prov 1s i n s u  . i e n t  d a t a  o r  cor robora t ion  of data .  
- b/ 
- c /  - d/  
- e /  

Based on p a r t i c u l a t e  c o l l e c t e d  i n  f r o n t  ha l f  of sampling t r a i n .  
Based on p a r t i c u l a t e  c o l l e c t e d  i n  f r o n t  and back halves  of sampling t r a i n .  
Unclear whether v a l u e  i s  based on p a r t i c u l a t e  c o l l e c t e d  i n  f r o n t  h a l f  of sampling t r a i n  o r  i n  f r o n  and back halves  combined. 
AISI-compiled t e s t s  s e l e c t e d  as acceptab le  by P e t e r  Westlin, T e s t  Support Section, OAQPS. 31 



There a re  a l s o  s p e c i f i c  charging and tapping EFs l i s t e d  i n  Table 7. There a re  
seventeen A-rated EFs, n ine  B-rated f a c t o r s ,  s i x t e e n  C-rated f a c t o r s ,  t h ree  
D-rated f a c t o r s ,  and nine unrateable  tests i n  Table 7. 

Also shown i n  Table 7 ,  where d a t a  were a v i l a b l e  i s  whether the furnace 
was t o p  or  bottom blown and whether the  hood was open or  c losed.  Under the 
t a b l e  heading e n t i t l e d  Source, a top  blown furnace should be i n f e r r e d  unless  
t h e  furnace i s  s p e c i f i c a l l y  i d e n t i f i e d  as  a Q-BOP. Whether the  hood i s  open 
o r  c losed i s  a f a c t  t o  be found under the t a b l e  heading e n t i t l e d  C m e n t s .  

The exact processes included i n  the  source l i s t e d  a s  Melting and Refining 

( a )  scrap preheat ,  ( b )  blowing o r  r e f in ing ,  
i n  Table 7 a r e  of importance i n  u t i l i z i n g  t h e  emission f a c t o r  value given. 
There a r e  t h r e e  p o s s i b l e  sources:  
and ( c )  turndown, i .e. ,  t h e  per iod during which a sample of the  heat i s  taken 
and analyzed. Where t h e  d a t a  were ava i lab le ,  what p r e c i s e  processes were t e s t ed  
a r e  l i s t e d  under the t a b l e  heading e n t i t l e d  Comments. 

3.5 ELECTRIC ARC FURNACES 

There a r e  severa l  sources of p a r t i c u l a t e  emission i n  t h e  e l e c t r i c  a r c  
furn  ce  steelmaking process. The emission sources a r e  ( a )  emissions from t h e  
melt ing and r e f i n i n g  of t h e  hea t  i t s e l f ,  o f t e n  vented through a hole i n  t e 
furnace roof ,  (b )  charging scrap,  ( c )  dumping s l ag ,  and ( d )  tapping s t e e l .  4 

l \ 
There a r e  severa l  p o s s i b l e  conf igura t ions  of cont ro l  systems t o  cdpture  

and remove emissions. Figures 3 and 4 show some of the  more common configura- 
t ions.  Configuration 1 i n  F i g u r e  3 i s  t h e  bui lding evacuation system; Configu- 
r a t i o n  2 i n  Figure 4 i s  d i r e c t  s h e l l  evacuation (DSE) of mel t ing and r e f i n i n g  
emissions and canopy hood capture  of charging, tapping, and slagging emissions 
with both vent ing  t o  a common baghouse. There a r e  several  v a r i a t i o n s  on Con- 
f i g u r a t i o n  2: (a )  t h e  roof monitor can be open t o  r e l e a s e  those emissions not  
captured by t h e  canopy hood o r  closed, o r  ( b )  the  canopy hood and t h e  DSE sys- 
tem can be vented t o  separa te  c o n t r o l  devices  r a t h e r  than a common emission 
removal device. 

In  i n t e r p r e t i n g  emission f a c t o r  da ta  f o r  EAFs, i t  i s  important t o  know 
which conf igura t ion  w a s  sampled and where t h e  sample was c o l l e c t e d .  For ex- 
ample, suppose Configurations 1 and 2 shown i n  Figures 3 and 4 a r e  both 
sampled a t  t h e  baghouse i n l e t .  The value obtained from Configuration 1 would 
represent  a l l  melting, r e f i n i n g ,  charging, tapping, and slagging emissions 
which ascended t o  t h e  bui ld ing  roof while the  va lue  obtained from Configura: 
t i o n  2 would r e p r e s e n t  n e a r l y  a l l  t h e  melt ing and r e f i n i n g  emissions but only 
t h a t  p o r t i o n  of t h e  charging, tapping, and s lagging emissions which were cap- 
tured by t h e  canopy hood. 

- 
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Table 8 l i s t s  EFs f o r  p a r t i c u l a t e  sources  i n  EAF shops. Melting and re- 
f in ing ,  r e f e r r e d  t o  i n  Table 8, imply mainly emissions captured by d i r e c t  s h e l l  
evacuation through a hole  i n  t h e  furnace roof.  Monitor emissions include t h e  
por t ion  of charging, tapping, and s lagging emissions t h a t  escape i n t o  t h e  atmos- 
phere. When t h e  secondary c o n t r o l s  a r e  not  s p e c i f i e d  f o r  a monitor t e s t ,  i t  i s  
d i f f i c u l t  t o  judge t h e  typ ica lness  of or  t o  u t i l i z e  t h e  results. 

Listed i n  t h e  comnents column of Table 8 a r e  two of t h e  important parameters 
which e f f e c t  t h e  emission f ac to r s :  
bon o r  a l l o y  s t e e l  (two s i g n i f i c a n t l y  d i f f e r e n t  processes) ,  and (b)  what c o n t r o l  
device conf igura t ion  was used. 

( a )  whether t h e  process  was t o  produce car- 

There a r e  f o u r  A-rated EFs i n  Table 8 and twenty-one C-rated EFs. The 
d e a r t h  of A- and B r a t e d  EFs i s  due t o  poor sampling methods or a f a i l u r e  
t o  r e p o r t  t h e  sampling method. The poor sampling methods were o f t e n  not  t h e  
f a u l t  of t h e  t e s t  des igner  b u t  coupled more wi th  t h e  problems encountered i n  
sampling a pressure  baghouse. 

3.6 OPEN HEARTH FURNACES 

There a r e  severa l  sources of p a r t i c u l a t e  emission i n  t h e  open h e a r t h  fu r -  
nace steelmaking process. The a c t i v i t i e s  genera t ing  emissions a r e  ( a )  t rans-  
f e r r i n g  hot metal ,  ( b )  mel t ing and r e f i n i n g  t h e  heat ,  (c )  charging of sc rap  
and/or hot metal ,  (d )  dumping s lag,  and (e) ' tapping s t e e l .  

Table 9 l i s t s  EFs f o r  p a r t i c u l a t e  sources  i n  OHF shops. Monitor emissions 
r e f e r  t o  t h e  por t ion  of t h e  hot metal t r a n s f e r ,  charging, tapping, and slagging 
emissions t h a t  e n t e r  t h e  atmosphere through t h e  shop roof monitor. There a r e  only 
10 t o t a l  EFs p r e s e n t l y  included i n  t h e  d a t a  base. Four of these  a r e  A-rated, one 
i s  B-rated, and f i v e  a r e  G r a t e d .  The main problem i s  f a i l u r e  t o  repor t  not  only 
the  d e t a i l s  of t h e  t e s t s ,  but t h e  t es t  methodologies themselves. 

3.7 TEEMING 

Only one i n  e s t i g a t i v e  e f f o r t  t o  quant i fy  an emission f a c t o r  f o r  teeming 
i s  ava i lab le .  lUy The emission f a c t o r s  were measured v i a  s tack  t e s t i n g  i n  t h e  
ductwork.leaving a s i d e  d r a f t  hood which captured emissions from a teeming 
operation. Emissions were measured simultaneously before  and a f t e r  t h e  bag- 
house removing t h e  captured emissions. 

Tests  were performed during t h e  teeming of leaded and unleaded s t e e l .  
Only the m a t e r i a l  captured by t h e  hood could be measured v i a  s tack  t e s t s .  
The m a t e r i a l  captured v a r i e d  from n e a r l y  100% of t h a t  emitted t o  a much 
lower e f f i c i e n c y  (not  q u a n t i f i e d )  when t h e  wind w a s  blowing from d i r e c t i o n s  
where bui ld ing  openings occurred. 

' 

.. 
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TABLE 8. SUMMARY OF EMISSION FACTORS FOR ELECTRIC ARC FURNACES 

Process  condi t ions  Test methodology T e s t  r e s u l t s  
Emission f a c t o r s  Measured concent ra t ions  

t i m e  Range Average Range Average 
( m i d  (dscfm) performed ( g r l d s c f )  ( g r l d s c f )  l b / t o n  s teel  l b / t o n  s t e e l  

Gas Gas Type of Sampling Gas Number Location of 

device 

Process  Average 
emission Emission product ion flow rate T e s t  

r e l i a b i l i t y  Source l o c a t i o n  d a t e  

flow rate of runs temp.  samplinr 8 amp l i n g  Sampling Percent  

Reference Comments methodology i s o k i n e t i c  
Company/ f a c t o r  f a c t o r  rate (dscfm) (OF) device  

( l b / t o n  s t e e l )  
I n  sho r t  s t a c k s  98 Method 5 

EPA t r a i n  af ter  baghouse 
18T s t e e l l h r  452,000 I:bldg 

evacuat ion sys- 
tem included)  

Babcock and 10/18-20/72 
Wilcox 
Beaver F a l l s ,  PA 

Control led EAF melt ing,  
r e f i n i n g ,  charging, tap- 
ping, and s lagging  
emi s s i ons . 
Uncontrolled EAF melt ing,  
r e f i n i n g ,  charging, tap-  
ping, and s lagging  
emissions. 

0.3d/(Alloy - S t e e l )  

0 . 5 8 ~ 1  

i i . 3 d /  - (Alloy S t e e l )  

1 1 . 7 ~ 1  

7.6 

A 

A 

A 

A 

C 

C 

C 

C 

EPA method 5 except 96-104.7 
probe was not  heated 

240 0.75-0.79 9 0.0005- 
O.O032i/ 

0.0047eI - 
0.0014- 

O.ll-0.66dI 0.3 Shop has  1/50 T and 1 /75  T a l l o y  - o.o014c/ - 89 

89 

90 

0.0027e/ - Stee l  EAF; c o n t r o l  device 
conf igura t ion  1 

98 Method 5 I n  12 f t  0 
EPA t r a i n  duc t  before  

baghouse 

452,000 (bldg 
evacuat ion sys- 
tem included)  

97.4-99.5 EPA Method 5 
except probe 
was n o t  heated 

240 0.72-0.79 3 0.0386- 
0.0605dI 

0 . 0 6 1 8 ~ /  
0.0397- 

Babcock and 10/18-20/72 
Wilcox 
Beaver F a l l s ,  PA 

18T s t e e l / h r  Shop has  1 /50  T and 1 /75  T a l l o y  
s t e e l  EAF; c o n t r o l  device  
conf igura t ion  1 

11.3d/ - 

11.7eI - 

0.05iagi  8-13.6d/ 

0 . 0 5 3 7 ~ /  8 .2-13 .9~1 

- a/ - a/ 14.4T i n p u t j h r  

13.6-23.5TIhr 

23,920 1 None Uncontrolled EAF 
mel t ing  and re-  
f i n i n g  emissions. 

50 T furnace. Unclear whether 
carbon o r  a l l o y  steel. 

None 7.6 0.5373 

281-297 a/ 

297 - a/ 

- a/ 

0.333 

6.9-18.6 11.0 

2.04-7.65 4.8 

90 

90 

91,143 

50 and 75 T furnace. 
whether carbon o r  a l l o y  s t e e l .  

Unclear Uncontrolled EAF 
mel t ing  and re- 
f i n i n g  emissions. 

Control led EAF m e l t -  
i ng  and r e f i n i n g  
emissions. 

Uncontrolled EAF 
mel t ing  and r e f i n -  
i n g  emissions. 

11.0 

I n  s t a c k  a f t e r  
scrubber 

13.6-22 T i n p u t /  25,900 
h r  

2 0.109- 
0.556 

50 and 75 furnace.  Scrubber 
c o n t r o l  e f f i c i e n c i e s  of  37 and 70%. 
Unclear whether carbon or a l l o y  s t e e l .  

Carbon s t e e l  

4.8 

Weighed c o n t r o l  - a/ 
device c a t c h  and 
divided by ingot  
tons produced 

None 19.5 l b /  15; 1-34. ingo t 8 
l b /  ingo t 

ton t o n  

- a /  10 None Company K 
(AISI d a t a )  

19.5 l b / i n g o t  ton 

Jan.-April 78,000-83,000 - a /  C Uncontrolled EAF Company J 
1976  T s tee l lmonth  mel t ing  and r e f i n -  (AISI d a t a )  

i n g  emissions. 

- a /  - a /  Weighed c o n t r o l  - a /  
device catchand 
divided by tons 
of steel  melted 

, 28.8 lb/T of input  
( s t a i n l e s s  and a l l o y )  

4 None None 31.7 lb/T 29-34.2 s teel  lb/T s teel  92 

- a/ - a/  C Uncontrolled EAF Company H 10118-25/75 4,080 T s t e e l  
mel t ing  and r e f i n -  (AISI d a t a )  and 6/8/76 tapped over 7-day 
ing  emissions. t es t  per iod.  536 

T steel  tapped 
over weekend. 

Weighed c o n t r o l  - a /  
device c a t c h  and 
divided by tons 
of steel  tapped 

2 None None 1 7 . 1  13.4-20.8 Alloy s t e e l  93,143 1 7 . 1  
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TABLE 8 .  (continued) 

Test results Test methodology Average Process conditions 
emission Emission 
factor factor 

Process Gas Gas Type of Location of Sampling Gas Number Measured concentrations Emission factors 
Company/ Test production flow rate temp . sampling sampling Sampling Percent time Range Average Range Average flow rate of runs 

device device isokinetic bin) (d s c f m) performed (grldscf) (grldscf) lb/ton steel lb/ton steel Comments Reference methodology (lblton steel) reliability Source location date rate (OF) (dscfm) 

0.043 C- b/ Controlled EAF melt- Company L 1 0 / 9 / 7 4  33 ton steel/hr 247,000- - a/ Rader pneumat- In north ex- Single point 150-204 140-245 17.3 
ing and fugitive emis- (AIS1 data) 256,000 ics high vol- haust plenum sampled 
sions and uncontrolled, 
uncaptured monitor emis- 
sions. 

ume sampler. of baghouse. 

94 Canopy hood is 70 ft above 
furnace. Estimated that 25% 
of total emissions escaped 
capture and left monitor; O2 
lanced carbon steel; control 
device configuration 2 

0.00065- 0.0009 0.041-0.045 0.043 2 
0.00121 

Uncontrolled EAF melt- - a/ - a/ 
ing and refining emis- 
sions. 
Uncontrolled EAF melting - a/ - a/ 
and refining emissions. 

Uncontrolled EAF melting Lukens Steel 
and refining emissions. Coatsville, PA 

- a/ 

25 Unclear whether carbon or 
alloy steel. 

1 6  Unclear whether carbon o r  
alloy steel. 

Carbon steel; control device 
configuration 2 

50 

95 

96 

25 

16 

50 - a/ - a/ Weighed baghouse - a/ 
catch 

None - a/ 97 

51c/ - C - a/ Uncontrolled EAF melting J~~~~ & 
and refining emissions. Laughlin 

Cleveland, OH 

- a/ Test at inlet 
to ESP 

5 IC/ device Carbon steel; configuration modified consists control 9 8  

of DSE vented to ESP. 

Carbon steel; modified control 99  

device configuration 1 with 
DSE. DSE each Building vented evaluation to separate and I baghouse. 99 

22 

1.2 

22 

1 .2  

Uncontrolled EAF melting: Bethlehem Steels/ - 
and refining emissions. Seattle, WA 

- a/ 

- a/ 

- a/ 

Weighed baghouse - a/ 
catch 

None - a/ 

None 0.9-1.5 Charging and tapping Bethlehem Steels/ 
emissions. Seattle, WA 

- Weighed baghouse - a/ 
catch 

1 . 7  1.7 Carbon steel; control device 100 
configuration consists of DSE 
vented to ba,house. 

Charging and tapping 
emissions. Steelton, PA 

Bethlehem Steels/ - Took measurements a/ 
in roof monitor 

27.5 

43 .0  

Uncontrolled EAF melting Bethlehem Steels/ - 
anddrefinins emissions. Steelton, PA 

- a/ 

- a/ 

None - a/ 

None - a/ 

None - a/ 

None - a/ 

99 Carbon steel; control device 
configuration consists of DSE 
vented to baghouse. 

Carbon steel; control device 
configuration 2 with motorized 
monitor louvers to enable 
closing the monitor to 
capture 37 fugitive emissions. 

25-30 

99  43 

Weighed baghouse - a/ - a/ 
catch 

Uncontrolled EAF melting 
and refining emissions 
plus all fugitive emis- 

Bethlehem Steel ?/ 
LOS Angeles, CA 

Weighed baghouse - a/ - a/ 
catch 

sions. 



TABLE 8. (Concluded). 
. __. 

Average Process conditions Test methodology Test results 
emission Emission Process Gas Gas Type of Sampling Gas Location of 

__ 
Emission factors 

Kange Average 
Number Measured concentrations 

Average Range flow rate of runs factor factor Company/ Test production flow rate temp . sampling sampling Sampling Percent time 
Comments Reference- (lb/ton steel) reliability Source location date rate (dscfm) (OF) device device methodology (min) (dscfm) performed . (grldscf) (grldscf) lb/ton steel Ib/tDn steel isokinetic 

58.0 c Uncontrolled EAF melting, Inland Steel - a/ - a/ 
and refining emissions E. Chicago, IN 
plus portion of charging, 
tapping,slagging emissions. 

Wit teman 
2nd refining emissions. Steel Mills 

Fontana, CA 

2/20/75 6.2 1: steel/hr c :ontrolled EAF melting 

Weighed baghouse - a/ - a/ - a/ 
catch 

- a/ None None 33-83 5a Carbon steel; control device 
configuration 2. 

101 

9 029c/ - - a/ 

119 

4,290 - a/ - a/ - a/ In stack glass In stack after Single point 
filter scrubber sampled 

102 a/ 0.005cI A/ 0.029Cl 1-25 T furnace making carbon steel. - a/ - 

0.145~1 No sampling was pertormed while bags were 103 
being cleaned. 1-120 T furnace; unclear 
whether carbon or alloy steel was being 
made during testing. 

0.145c/lb/T - 
scrap melted 

Controlled EAF melting, TAMCO (Affiliate 3/21/78 41.7 T scrap 
refining building evacu- of heron Steel meltedlhr 
ation emissions. Corp) Etiwanda, 

California 

C 549,000 Rader Hi-vol. After open Sampled 8 random 103 - a/ - a/ 
with 3-112 in. baghouse 
nozzle (i-e-8 no open baghouse 

points over top of 

around bags) 

1.7d/ - lb/T input C Controlled EAF melting, Marathon Steel 4/16/77 7.9 ?' input/hr 35,800 
refining and building Tempe, AZ 
evacuation emissions. 

213 - a/ In stack after - a/ 
old baghouse 

3 0*039-0.049~/ O.O44d_/ 1.5-1. Si/ 1 7i/ (54-57 dscf sampled 
per run) 

94.6-99.2 Old baghouse on furnace #l (120 T capacity); 104 
possibility of leaking bags; unclear 
whether carbon o r  alloy steel was being 
made during testing. 

0.33d/lb/T - input C Controlled EAF melting, Marathon Steel 9113-16177 18.7 T inputlhr 146,000 
Tempe, AZ rzfining and building 

evacuation emissions. 

- a/ In stack after 
new baghouse 

98.2-108.9 (40.8-57.4 dscf sampled 8 21 
per run) 

0.3321 New baghouse on furnaces #7. and #3; unclear 
whether carbon o r  alloy steel was being made 
during testing. 

104 161 

a/ 
b/ 
c/ 
d/ 
e/ 

Reference provides insufficient data or corroboration of data. 
Tests selected as acceptable by Peter Westlin. Test Support Section, OAQPS. 
Unclear whether value is based on particulate collected in front half of sampling train or in front and back halves combined. 
Based on particulate collected in front half of sampling train. 
Based on particulate collected in front and back halves of sampling train. 

- 
- 
- 
- 
- 



TABLE 9. SUMMARY OF EMISSION FACTORS FOR OPEN HEARTH FURNACES 
- 

Test results Test methodology 
Emission factors Measured concentrations Process conditions - 

Average Emission Process Gas Gas Location of Sampling Number Type of 
emission factor factor Company/ Test production flow rate temp. sampling sampling Sampling Percent flow rate of runs Range Average Range Average Sampling time 
(lb/ton steel) reliability Source location date rate ( d  s c f m) (OF) device device methodology isokinetic (min) (dscfm) performed (gr/dscf) (grldscf) (lb/ton steel) (lblton steel) Comments Reference 

2.2-9.4cl 0.3351 - 105 8 furnaces in operation. 5.351 5.34 C Uncontrolled OHF melt- Company A 715-6173 3,840 T/day 301,000 350 - a/ 

C Controlled OHF melt- Company A 715-6173 3,840 T/day 301,000 - a/ - a/ 

ing, and refining emis- (AISI data) 
sions. 

ing and refining (AISI data) 
emissions 

ing and refining 
=missions 

0.64~1 - 

0.2841 Controlled OHF Company A 6125-27/74 4,750-5,012 296,000- 430-450 EPA Method 5 
(AISI data) T/day 326,000 sampling train 

Precipitator inlet - a/ 

Precipitator outlet - a/ 

0.14-0.58~/ a/ 8 - a/ - 

- a/ - a/ 2 0.02-0.05c/ 0.645/ 8 furnaces in operation ' 105 

0.022d/ - 0.18-0.36d/ 0.28d/ 10-11 furnaces in operation; 106 
3-4 furnaces were being 
blown. 

EPA Method 5 In 12 ft 0 precipitator 
exit stack 

103-104 144 0.57 3 0.015-0.029d/ - 

0. Is/ B Western precipitation 
ing and refining (AISI data) stack sampling train. 
emissions. In-stack thimble. 

Controlled OHF melt- Company C 5116-26171 27 T steel/hr/ 94,500 
ing and, refining (AISI data) furnace 
emissions. 

Controlled OHF melt- Company N 3/20/72 176 T steellhr 534,000 385 

- a/ - a/ 

None 0.0045/ None O.lC/ 6 furnaces with 02 lances 107 In 16.5 ft 0 precipitator 
exit stack 

W-50 180 0.55 1 

0.33c/reported - C 
0.45claverage C 24 0.4551 Venturi scrubber pressures 108 

from 25 to 47 in. HZO. 

0.22 avg. of the Only iron oxide was collected. 109 
entire operation as No kish was deposited on filters. 
measured above 
furnace. 

0.168 weighted C 
by sampling time 
above and between 
furnaces 

118 above a/ 

102 between 

- Roof monitor C0mpany.F 6114-18173 125 T steellhr 1,117,000 
emissions (AISI data) acfm (total furnace; 

flow above 
arid on either furnaces 
side of one 
furnace) 

0.3-0.4 acfm 28 8-75 (tests In roof monitor over one Profiled velocity across 65% of the data 
conducted during furnace and between two 19 ft wide monitor with was more than 
various segments 10% above furnaces vane type anemometer. isokinetic. of the operation 

Unknown particle con- 
such as refining, centration measuring scrap melt, etc.) 

technique. 

0.000639-0.0116 
gr/acf (above 
furnace) 
0.000881-0.0045 
gr/acf (between 
furnaces) 

0.00504 gr/acf 0.07-0.64 
(above furnace) (various segments 
0.00261 gr/acf of the operation 
(between furnaces)as measured above 

0.029-0.12 furnace) (various 
0.063 avg of entire 
operation as measured segments of the 

operation as measured between furnaces 
between furnaces) 

23.7dlducted emissions A Uncontrolled OHF melt-United States 9130175 30 T steel/ 52,600 
avgduring charging and refining emissionSStee1, 1011-2/75 hrlfurnace 
'and blowing; Fairfield, AL 
0.5d/avg during charging; A 
2l.idIavg - during blowing. A 

In-stack alundum thimble 
followed by heated cyclone 
and filter outside stack. 

608 
In 88 in. 0 stack 1.4101dI - 0.8685-1.5429d/ 12.3-30.8d/ 23.7d/ - 126-236 0.66 3 Modified EPA Method 5 98.4-104.4 two tests were performed 110 

for charging and blowing alone 
while three were performed for 
charging and blowing combined. 

- a/ 
- b/ 
- c/ 
- d/ 

Reference provides insufficient data or corroboration of data. 
Tests selected as acceptable by Peter Westlin, Test Support Section, OAQPS. 
Unclear whether value represents particulate collected in front half of sampling train or in front and back halves combined. 
Based on particulate collected in front half of sampling train. 
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The resu l t s  of the  tes ts  on t h e  teeming of leaded s t e e l  a r e  shown i n  
Table 10. The average uncontrol led emission f a c t o r  measured by t h e  f r o n t  half  
of a Method 5 t r a i n  was 0.81 l b / t o n  s t e e l  teemed. The average cont ro l led  emis- 
s ion f a c t o r  measured by t h e  t r o n t  half  of a Method 5 t r a i n  a f t e r  t h e  baghouse 
was 0.0038 l b / t o n  s t e e l  teemed. The average EFs a r e  given an A ra t ing .  

The r e s u l t s  of s i x  t e s t s  on t h e  teeming of unleaded s t e e l  a r e  shown i n  
Table 11. The average uncontrol led emission f a c t o r  measured by t h e  f r o n t  half  
of a Method 5 t r a i n  w a s  0.07 l b / t o n  s t e e l  teemed. The average cont ro l led  emis- 
s ion f a c t o r  measured by t h e  f r o n t  ha l f  of a Method 5 t r a i n  a f t e r  t h e  baghouse 
was 0.0016 l b / t o n  s t e e l  teemed. These average EFs a r e  given an A ra t ing .  

3.8 SCARFING i 

P a r t i c u l a t e  emissions occur when semi-finished s t e e l  products a r e  manually 
o r  machine scar fed  t o  remove s u r f a c e  defects .  Table 1 2  l i s t s  c o n t r o l l e d  and 

.uncontrolled EFs f o r  machine scarf ing.  There a r e  seven A-rated, f i v e  B-rated, 
and t h r e e  unra teable  EFs. 

In  comparing hand s c a r f i n g  EFs t o  machine s c a r f i n g  EFs, one must consider  
the  u n i t s  of t h e  EFs and the  process  d i f fe rences .  The u n i t s  f o r  t h e  machine 
scar f ing  EFs a r e  a pound of p a r t i c u l a t e  per  ton of s t e e l  put through t h e  
machine. I n  machine scar f ing ,  t h e  e n t i r e  sur face  of t h e  product i s  removed t o  
a depth t h a t  i s  dependent on t h e  speed of t h e  product through t h e  machine and 
on the  flame-temperature.  Hand s c a r f i n g  does not  involve removal of an e n t i r e  
sur face  but r a t h e r  only spots  on t h e  product a r e  scarfed.  

I f  hand and machine s c a r f i n g  were compared on a pound of p a r t i c u l a t e  per  
ton of m a t e r i a l  removed bas is ,  then one might, a s  a f i r s t  es t imate ,  assume 
t h a t  t h e  hand s c a r f i n g  EF can be l ikened i n  quant i ty  t o  uncontrol led machine 
scarf ing.  But i f  t h e  comparison i s  performed on the  b a s i s  of pound of par t icu-  
l a t e  per  t o n  of s t e e l  put through t h e  process, i t  i s  believed t h a t  hand sca r f -  
ing  i s  s i g n i f i c a n t l y  less than uncontrol led machine scarf ing.  Unfortunately,  
no t e s t  d a t a  a r e  a v a i l a b l e  t o  support t h i s  assumption f o r  hand s c a r f i n g  emis- 
sions. 

3.9 MISCELLANEOUS COMBUSTION SOURCES 

Miscellaneous combustion sources , include t h e  burning of b l a s t  furnace gas, 
coke oven gas, n a t u r a l  gas,  No. 6 f u e l  o i l ,  o r  coal  f o r  heat  used i n  b o i l e r s ,  
soaking p i t s ,  and s l a b  furnaces.  
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TABLE 10. EMISSIONS FROM LEADED STEEL TEEMING AT WISCONSIN STEEL, 
CHICAGO, ILLINOIS - SUMMARY OF TEST PROCEDURES AND 
RESULTS 

Variable  Baghouse i n l e t  Baghouse' o u t l e t  

Test date  
Process production r a t e  

(T/min of teeming 
opera t io&/)  

Gas f l o w r a t e  (dscfm) 
Gas temperature (OF) 

Gas v e l o c i t y  (fpm) 
Type of sampling device 
Location of sampling 

Sampling methodology 

Percent i s o k i n e t i c  
Sampling time p e r  

Sampling f l o w r a t e  (dscfm) 
Number of r u n s  performed 
Rangelaverage of f r o n t  

ha 1f concent r a t  ions 
measured ( g r / d s c f )  

f r o n t  and back ha l€  
concent ra t ions  ( g r l d s c f )  

Range/average of f r o n t  
ha l f  emission f a c t o r s  
( l b / T  s t e e l  teemed) 

Average of combined f r o n t  
and back ha l f  emission 
f a c t o r s  ( lb /T  s t e e l  
teemed) 

device 

r u n  (rrin) 

Rangelaverage of combined 

, _  - 

A p r i l  and May, 1978 Apr i l  and May, 1978 
5.1-5.4 5.1-5.4 

b/  28,000-42,600- 
90-127 
2,760-4,240 
Method 5 t r a i n  
In 6 '  8 BH i n l e t  

duct 
EPA Method 5. 24 p t s  

sampled per  t e s t .  
100.3-101.1 
24 

56,6 O& 
78-118 
3,070-3,800 
Method 5 t r a i n  
In 3 '  0 BH o u t l e t  

d u c t  
EPA Method 5. 36 p t s  

sampled per  t e s t .  
95.4-103.1 
27-29 

2.6-4.0 4.5-5.0 
3 3 
0.6794- 1.0877 0.0012-0.0033 

(0.81 72) (0.0025) 

0.6918-1.0968 0.0103-0.0155 
(0.8285) (0.0135) 

0.51-1.14 
(0.81) 

- 
(0.0038) 

0.81 0.021 

i 

. -  a/ 

- b/ 

The averaging t ime  began with the  i n i t i a t i o n  of teeming i n t o  the f i r s t  
mold and ended wi th  t h e  conclusion of teeming i n t o  the l a s c  mold. 

Some of t h e  flow r a t e  d a t a  were incomplete s i n c e  v e l o c i t y  t r a v e r s e s  
were not  completed. It s t i l l  appears,  through, t h a t  t h e r e  was a leak  
i n  the c o l l e c t i o n  system t h a t  w i l l  cause the o u c l e t  concent ra t ions  t o  
be repor ted  lower than ac tua l .  However, t h i s  problem w i l l  no t  a f f e c t  
t h e  emission f a c t o r  values.  
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TABLE 11. EMISSIONS FROM UNLEADED STEEL TEEMING AT WISCONSIN STEEL, 
CHICAGO, ILLINOIS - SUMMARY OF TEST PROCEDURES AND 
RESULTS 

Variable  Baghouse i n l e t  Baghouse o u t l e t  

Test da t e  
Process  production r a t e  

(T/min of teeming 
o p e r a t i o r d )  

Gas f lowra te  (dscfm) 
Gas temperature (OF) 

Gas v e l o c i t y  (fpm) 
Type of sampling 

Location of sampling 

Sampling methodology 

Percent i sok ine t  i c  
Sampling time per  run 

Sampling f lowra te  (dscfm) 
Number of runs performed 
Rangelaverage of f r o n t  

ha l f  concen t r a t ions  
measured ( g r / d s c f )  

f r o n t  and back ha l f  
concent ra t  ions ( g r t d s c f )  

Range/average of f r o n t  
ha l f  emission f a c t o r s  
( l b / T  s t e e l  teemed) 

Average of combined f r o n t  
and back h a l f  emission 
f a c t o r s  ( lb /T  s t e e l  
teemed ) 

4. 

device 

device 

(min) 

Range / ave rage of combined 

Apr i l  and May, 1978 A p r i l  and May, 1978 
3.8-5.9 3.8-5.9 

38,700,-44,700- b l  40,100-44,800k/ 
81-101 88-92 
4,860-6,060 2,450-3,530 
Method 5 t r a i n  

I n  6 '  ~ ' B H  i n l e t  I n  3 '  0 BH o u t l e t  

EPA Method 5. 24 p t s  EPA Method 5. 36 p t s  

97.2-106'. 1 92.1-108.9 
20-24 24-30 

3.1-4.1 3.6-4.6 
6 6 
0.035-0.068 0.004-0.0028 

Method 5 t r a i n  

duct duct 

sampled pe r  , .  tes t .  sampled per  t e s t .  

(0.0565) (0.00 11) 

0.0375-0.0753 0.0039-0.0133 
(0.061) (0.0067). 

0.04-0.11 - 
(0.07.) (0.0016) 

0.076 0.0093 

~ ~~ 

- a /  

- b/  

The averaging time began w i t h  t h e  i n i t i a t i o n  of teeming i n t o  t h e  f i r s t  
mold and ended wi th  t h e  conclus ion  of teeming into t h e  l a s t  mold. 

Some of the  flow r a t e  d a t a  were incomplete  s i n c e  v e l o c i t y  t r a v e r s e s  
were no t  completed. . .  

. .  . .  
. , . ,  

42 



TABLE 12 .  SUMMARY OF EMISSION FACTORS FOR SCARFING OPERATIONS 

Average Process parameters Test methodology Average Average 
emission factor Tons Emission Gas Gas No. Sample measured emission factor 

(lblton metal (lb/ton metal E.F. Company/ Scarfer Test scarfed control flow rate temp. Sampling of time Percent concentration 
scarfed) reliability location designation date per hr system (dscfm) (OF) methodology runs (min) isokinetic (grldscf) scarfed ) Comments References 

0.08rJ 

b/ O.O08C/ - k 

o.o32c/ - 

0.014~/ 

bl k 

b/ k 

Company A 40 in. bloom 2/76 60 ESP 69,900 80 EPA- 5 3 120 99.7-100.7 O.O08C/ 
(AISI data) 

After ESP O.O8C/ 

After ESP 46 in. slab 10175 486 ESP 69,900 83 EPA-5 3 140 99.1-100.5 O.OOlc/ - O.OOlc/ - 
(wet scfm) 

24 in. billet 10175 147 ESP 17,000 84 EPA-5 3 140 97.5-99.4 o.o03c/ - 
(wet scfm) 

After ESP O.O08g/ 

After ESP 18 in. billet 10175 105 ESP 18,700 77 EPA-5 3 140 96.898.9 0.0072/ 0.032~/ 
No. 1 

ESP 18 in. billet 10175 89 
No. 2 

19,300 80 EPA-5 3 140 98.2-100.2 0 . 0 0 2 ~ l  0.014cl - After ESP 

111 

112 

112 

112 

112 

b/ 
After ESP 112 0.002~1 0.003~/ - Rail-mill 11/75 111 ESP 11,300 90 EPA-5 3 140 99.9-101.1 f r  0.003~/ 

0.10 B 113 7-41 a/ 0.2521 O.ld/ Uncontrolled-sampled 46 in. slab 1/67 207 - 72,700 60 W-50 3 
only while slabs were 
being scarfed. Assumed 
zero emissions between scarfs. 

e 

0.087dI Uncontrolled; concentration probably 114 31,600 11Q EPA-5 3 144 98-103 0.089g - 0.087dl /r Blooming mill 7/74 275 - 

Company B No. 3 slabbing 5/73 a/ - - a/ a/ - 

b/ 
- represents combined scarfing and non- 

scarfing periods. 
95,500 114 ASME 3 39- a/ 0.1451 - a/ Uncontrolled 115 

150 PTC-21,27 (AISI data) mill 

0.22d/ - 

116 - a/ Company c a/ 1/66 200 - 62,800 146 - a/ 5 150- a/ 0.570 - a/ Uncontrolled; concentration 
may or may not be converted 
to scarfing period only. 

180 (AISI data) 

B 

- a/ 1/66 200 Kinpactor 62,800 133 NA 5 150- - a/ 
180 

0.04 - a/ After Kinpactor and Type 
R rotoclone. 

116 

- a/ 8/71 98.8 - 22,700 120 EPA-5 1 4 - a/ 0.5461 0.22g Uncontrolled; sampled only 117 
ACFM , during scarfing. 
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Average Process parameters Test methodology Average Average 
emission factor measured emission factor Tons Emission Gas Gas No. Sample 

Percent concentration (Lblton metal (lb/ton metal E.F. Company/ Scarf er Test scarfed control flow rate temp. Sampling of time Reference 
scarfed) reliability location designation date per hr system (dscfm) ("F) methodology runs (min) isokinetic (gr/dscf) scarfed) Comments 

0.2441 B 

O.lOg/ 

a/ 8/71 112.5 - 10,500 85-120 EPA-5 1 80 a/ 0.34dI 0.24d/ Uncontrolled; sampled during 117 - - 
ACFM scarfing and non-scarfing. 

B Company Q Blooming mill 9/73 125 Scrubber - a/ - a/ ASME 4 46 a/ 
(AIS1 data) PTC-27 

0.07~1 - B - a/ 3/73 236.5 - a/ - a/ - a/ In stack 3 50 - a/ 
thimble 

- a/ 
- b/ 
- c/ 
- d/ 
e/ 

Reference provides insufficient data or corroboration of data. 
Tests selected as acceptable by Peter Westlin, Test Support Section, OAQPS. 
Based on particulate measured in front half oE sampling train. 
Unclear whether value represents particulate captured in front half of sampling train or in front and back halves combined. 

Based on particulate measured in front and back: halves of sampling train. 

0.0355/ 

0.11./ After scrubber. 118 

0 . 0 7 ~ 1  Unclear whether controlled 119 
o r  uncontrolled. 
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The EFs t o  be used f o r . b u r n i n g  n a t u r a l  gas, No. 6 f u e l  o i l ,  or c o a l  i n  
b o i l e r s  can be acquired from AP-42 as  follows: 

Fuel - Uncontrolled 
emission f a c t o r  

Bituminous coa l  16 A l b / t o n  coa l  (A i s  ash  content  i n  
percent;  assume 10%) 

10 (S) + 3 lb/1,000 gal. (S i s  s u l f u r  No. 6 f u e l  o i l  
content  i n  percent  by weight; assume 
1%) 

Rating 

A 

A 

Natural  gas 10 lb/106 f t 3  A 

The EFs f o r  burning of t he  above f u e l s  i n  soaking p i t s  or s l a b  furnaces  can be 
est imated t o  be the same as  those f o r  b o i l e r s ,  but  s i n c e  t h i s  is an es t imate ,  
t he  r a t i n g  would drop t o  D. 

The EFs f o r  b l a s t  furnace gas and coke oven gas have not  been researched 
by experimentation. The EFs must t he re fo re  be acquired by est imat ion.  There 
a re  three  f a c t s  a v a i l a b l e  i n  making the est imat ion.  F i r s t ,  t he  gas e x i t i n g  t h e  
b l a s t  furnace passes through primary and secondary c l eane r s  and can be cleaned 
t o  l e s s  than 0.02 g r / f t 3  (2.86 lb/106 ft3).120/ Second, nea r ly  one-third of 
coke oven gas i s  methane. Third,  t he re  a r e  no c o n s t i t u e n t s  of b l a s t  furnace gas 
t h a t  generate  p a r t i c u l a t e  when burned.=/ The combustible c o n s t i t u e n t  of b l a s t  
furnace gas is CO which burns clean. 

Based on the above three  f a c t s ,  t h e  EFs f o r  burning b l a s t  furnace gas 
can be estimated. The EF f o r  burning b l a s t  furnace gas i s  assumed t o  equal  the 
p a r t i c u l a t e  c a r r i e d  i n t o  the  burning process wi th  the  f u e l  plus  the pa r t i cu -  
l a t e  generated i n  burning the  fue l .  The p a r t i c u l a t e  c a r r i e d  i n  with b l a s t  
furnace gas is 2.86 lb/106 ft3. There is no appreciable  amount of p a r t i c u l a t e  
generated i n  burning b l a s t  furnace gas s i n c e  the re  is no p a r t i c u l a t e  generat-  
ing  combustible gas i n  it. Consequently, t he  EF f o r  burning b l a s t  furnace gas 
is est imated a t  2.86 w 1 0 6  f t3 .  

The EF for burning coke oven gas can be estimated i n  t h e  same fashion. 
Assuming t h a t  cleaned coke oven gas has a s  much p a r t i c u l a t e  i n  i t  i n i t i a l l y  
a s , c l eaned  b l a s t  furnace gas, t h e  p a r t i c u l a t e  c a r r i e d  i n  with coke oven gas  
is estimated a t  2.86 lb/106 f t3 .  Since one-third of coke oven gas  is methane, 
t h e  main component of n a t u r a l  gas, i t  is assumed t h a t  t h e  burning of coke oven 
gas generates  one-third t h e  p a r t i c u l a t e  t h a t  t h e  burning of n a t u r a l  gas does, 
i.e., 3.33 lb/106 f t  . Thus, t h e  EF f o r  burning coke oven gas  i s  estimated a t  
6.2 lb/106 f t3 .  

3 
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Also necessary f o r  c a l c u l a t i o n s  i s  t h e  hea t ing  value of each fue l .  The 
following i s  a l i s t  of hea t ing  values and t h e  re ference  f r m  which they  were 
obtained : 

Heating va lue  - Fuel ( s e n s i b l e  h e a t 1  Reference 

3 
Blast  furnace gas 75-90 B t u / f t  
Coke oven gas 500 B t u / f t 3  
No. 6 f u e l  oil 
Bituminous coa l  25 m i l l i o n  Btu/ton 
Natural gas 1,000 Btu/ f t3  

141,000 Btu/gal. 

122  
123 
124 
125 
126 

Put t ing  t h e  EFs i n t o  s i m i l a r  u n i t s  y i e l d s  the  following t ab le :  

Uncontrolled 
emission f a c t o r  Emission f a c t o r  r e l i a b i l i t v  

- Fuel (ib/106 Btu)  Boi lers  Soakinp: wits Slab furnaces  

Blast  furnace gas 0.035 

No. 6 f u e l  o i l  0.09 
Bituminous coa l  6.4 

Coke oven gas 0.012 

Natural  gas 0.01 

D D D 
D D D 
A D D 
A D D 
A D D 

3.10 OPEN DUST SOURCES 

I n  add i t ion  t o  process sources ,  open dus t  sources  con t r ibu te  t o  the 
atmospheric p a r t i c u l a t e  burden. Open d u s t  sources  a t  i r o n  and s t e e l  p l a n t s  
inc lude  veh icu la r  t r a f f i c  on paved and unpaved roads,  loading i n t o  and load- 
ing  from s to rage  p i l e s ,  s to rage  p i l e  maintenance, and s to rage  p i l e  and ex- 
posed a r e a  wind erosion.  

3.10.1 I d e n t i f i c a t i o n  of Emission Sources 

Emissions occur when veh ic l e s  t r a v e l  on unpaved sur faces .  Such veh ic l e s  
a s  passenger c a r s ,  pick-up t rucks ,  haul  t rucks ,  and de l ive ry  t rucks  a l l  pro- 
duce emissions a s  the t i r e s  i n t e r a c t  wi th  the  road. The heavier  t he  veh ic l e ,  
a l l  o the r  v a r i a b l e s  being t h e  same, t he  more emissions one can expect. 

Emissions occur when veh ic l e s  t r a v e l i n g  on paved roads e l e v a t e  dus t  
from t h e  road surface.  The dus t  is depos i ted  on t h e  road su r face  by ca r ry -  
on, pavement wear, t i r e  wear, and e ros ion  from adjacent  a reas ,  t o  name a few 
poin ts  of o r ig in .  
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As s t a t e d  above, s t o r a g e  p i l e s  a re  a l s o  sources  of dust .  Dust producing 
mechanical activities include:  

1. Unloading of raw m a t e r i a l s  from a barge by a c lamshel l  o r  bucket 
wheel and from a r a i l c a r  by dumping. 

2. Adding m a t e r i a l  t o  a s t o r a g e  p i l e  v i a  s t acke r ,  loader ,  o r  truck. 

3. 

4. Maintenance of p i l e  shape with loaders  o r  dozers. 

I n  a d d i t i o n  t o  mechanical activit ies which produce dus t ,  n a t u r a l  a c t i v i -  

Loading of m a t e r i a l  from t h e  p i l e  onto a conveyor o r  i n t o  a truck. 

t i e s  such a s  wind eros ion  occur. P a r t i c u l a t e  is generated from exposed a r e a s  
and s t o r a g e  p i l e s  where wind speed exceeds the  threshold  v e l o c i t y  which f o r  
some m a t e r i a l s  is about 12 mph a t  1 f t  above the  surface., 1271 

F ina l ly ,  emissions occur when m a t e r i a l  drops f rom one conveyor t o  another. 
This i s  t h e  s tandard procedure f o r  changing t r a n s p o r t  d i r e c t i o n .  It i s  thought 
t h a t  l i t t l e  emissions occur elsewhere i n  the  conveying process. The b e l t s  them- 
se lves  rest on i d l e r  rolls which cause the  b e l t s  t o  i n c l i n e  upward 20 or 30 de- 
grees on both edges. This provides a s h i e l d  from the  wind and minimizes s p i l l -  
age. 

3.10.2 Q u a n t i f i c a t i o n  of Emission Factors  

Empir ica l ly  der ived  p r e d i c t i v e  EF equat ions f o r  open d u s t  sources have 
been developed by Midwest Research I n s t i t u t e  (,I).127-130/ The p r e d i c t i v e  
equations have been modified as more tests have been added t o  t h e  d a t a  base. 
A sununary of the  most c u r r e n t l y  r e f i n e d  p r e d i c t i v e  equat ions is shown i n  Ta- 
b l e  13. 

The p r e d i c t i v e  EFs l i s t e d  i n  Table 13 can be used fo r ,  but  a r e  n o t  l i m i t e d  
to ,  i r o n  and steel p lan ts .  Table 14  shows t h e  q u a l i t y  assurance r a t i n g  c u r r e n t l y  
assigned t o  the  EFs f o r  each of t h e  source c a t e g o r i e s  l i s t e d  i n  Sec t ion  3.10.1. 
While many of the emission f a c t o r s  are r a t e d  A o r  B when appl ied  t o  the source 
c a t e g o r i e s  l i s t e d  i n  Table 14, t h e  r a t i n g  would be lowered f o r  some of t h e  fac-  
t o r s  i f  c o n t r o l l e d  emission f a c t o r s  were t o  be predicted.  For example, the  ef-  
f e c t s  of water ing and chemical d u s t  suppressants  on t h e  emissions f r m  v e h i c l e s  
t r a v e l i n g  on unpaved roads a r e  n o t  well known. 

Some of the  c o r r e c t i o n  parameters i n  Table 13 can be determined from pub- 
l i shed  l i t e r a t u r e .  Vehicle weight and dumping device capac i ty ,  f o r  example, can 
be found i n  manufacturer l i t e r a t u r e .  Mean wind speed, number of d r y  days, and 
percent of t i m e  the  wind speed exceeds 12 mph a t  1 f t  above t h e  ground can be 
found i n  the  Climatic  Atlas=/ or from o t h e r  l oca l  weather s t a t i o n s .  The pre- 
c ip i ta t ion-evapora t ion  index has been c a l c u l a t e d  bv M R I  f o r  a l l  the  s t a t e  
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TABLE 14. EMISSION FACTOR QUALITY ASSURANCE LIMITATIONS 
(Effec t ive  September 1979)  

Source category 

Qual i ty  
assurance 

r a t i n g  

Vehicular T r a f f i c  on Unpaved Roads - Dry A 
Conditions 

Vehicular T r a f f i c  on Unpaved Roads - Con- C 
t r o l l e d  Conditions 

Vehicular T r a f f i c  on Paved Roads B 

Storage P i l e  Formation by Means of Trans la t ing  B 

Transfer  of Aggregate from Loader t o  Truck 

Storage P i l e  Maintenance and Related T r a f f i c  C 

Wind Erosion from Storage P i l e s  and Exposed C 

Conveyor Stacker  

B 

Areas 

.. 



c l i m a t i c  regions i n  t h e  United S t a t e s  and i s  reported i n  published l i t e r a -  
ture.%/ The e r o d i b i l i t y  of m a t e r i a l s  can a l s o  be obtained from published 
l i terature. ,  1321 

some of the  c o r r e c t i o n  parameters i n  Table 13 can be determined with 
reasonable accuracy by est imat ion.  Average v e h i c l e  speed and number of wheels 
can be estimated. The number of t rave led  paved road lanes can be est imated 
f o r  a p a r t i c u l a r  i r o n  and s t e e l  plant  by p l a n t  personnel. The drop he ight  f o r  
aggregate m a t e r i a l  can be measured o r  v i s u a l l y  es t imated with reasonable ac- 
curacy. , 

Fina l ly ,  t h e r e  a r e  c o r r e c t i o n  parameters i n  Table 13 t h a t  can b e s t  be 
est imated by MRI personnel. These parameters a r e  raw m a t e r i a l  s i l t  and mois- 
t u re  conten t ,  paved and unpaved road m a t e r i a l  s i l t  content ,  and t o t a l  s u r f a c e  
dust  loading on paved roads. 

Tables 15 through 17  show the  r e su l t s  of s i l t ,  moisture,  and loading 
a n a l y s i s  of f i e l d  samples c o l l e c t e d  by MRI. For each t y p e  of m a t e r i a l ,  the  
number of samples obtained, the  range of va lues  measured, and the  mean values  
f o r  these c o r r e c t i o n  parameters a re  given. Samples l i s t e d  i n  Tables 15 through 
17 were c o l l e c t e d  a t  as  many a s  12 d i f f e r e n t  i r o n  and s t e e l  p lan ts  i n  a wide 
range of geographic loca t ions .  
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SECTION 4.0 

DEVELOPMENT OF REPRESENTATIVE EMISSION FACTORS 

The f i n a l  o b j e c t i v e  of this r e p o r t  is t o  develop a r e p r e s e n t a t i v e  EF 
value o r  p r e d i c t i v e  equation f o r  each p a r t i c u l a t e  emission source i n  t h e  i r o n  
and s t e e l  industry.  Section 3.0 presents  a l l  t h e  EF d a t a  p r e s e n t l y  ava i lab le .  
It i s  from t h e  d a t a  i n  Section 3.0 t h a t  t h e  r e p r e s e n t a t i v e  EF va lues  were de- 
veloped. 

4.1 PROCESS STACK AND FUGITIVE EMISSIONS 

Table 18 shows a summary of t h e  EFs by source and by r e l i a b i l i t y  ra t ing .  
(The r a t i n g  system was defined i n  Section 3.0). Recal l ing t h a t  near ly  every 
EF i n  t h e  lef t -hand colunm of Tables 2 through 10 r e p r e s e n t s  an average of a 
number of runs ( test  series), t h e  average of t h e s e  t e s t  series average va lues  
a s  presented i n  Table 18 was  c a l c u l a t e d  a s  follows: 

i=T li=T 

EF average of test series i, 
i 

i 

T = number of t e s t  series, and 

N = number of runs  i n  test series i ( i f  N i >  3, then s e t  N i  = 3)s 

EF = emission f a c t o r  average f o r  a s p e c i f i c  r e l i a b i l i t y  r a t i n g  
avg category. 

The philosophy behind Equation 1 i s  t h a t  within t h e  same r a t i n g  category 
the  t e s t  series composed of t h e  most runs should rece ive  t h e  most weight. 
However, a l i m i t  t o  the weighting is set a t  a value of 3. This i s  t o  e l i m i n a t e  
the p o s s i b i l i t y  t h a t  a very high number of tests performed a t  a very d i r t y  o r  
very clean,  and consequently nonrepresentat ive,  p l a n t  could u n f a i r l y  weight 
the  o v e r a l l  average. Thus, a test series w i t h  t h r e e  tests w i l l  be weighted 
three times t h a t  wi th  only one test while  t h e  p o s s i b i l i t y  of a nonrepresenta- 
t i v e  p l a n t  w i t h  many t e s t s  d i s t o r t i n g  t h e  o v e r a l l  average is el iminated.  

._ 
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The value  3 was s e l e c t e d  a s  t h e  cutoff  po in t  f o r  weighting averages of 
t e s t  series averages. This  v a l u e  a r i s e s  from t h e  unwri t ten r u l e  genera l ly  
followed by t h e  U.S. EPA t h a t  3 t e s t s  a r e  s u f f i c i e n t  t o  quant i fy  emissions 
from a source. This i s  evidenced by t h e  m u l t i p l i c i t y  of s e t s  of t h r e e  t e s t s  
used. i n  t h e  published background documents f o r  ~ 0 ~ 6 5 - 6 8 .  71-721 and E&/ 
standards.  

The process  f o r  i d e n t i f y i n g  t h e  test s e r i e s  averages t h a t  were excluded 
from Table 18 was a s  follows: 

1. Test s e r i e s  averages reported i n  u n i t s  incompatible with t h e  s e l e c t e d  
repor t ing  u n i t s  shown i n  the  Table 18 column e n t i t l e d  "EF Units" were excluded. 
For example, EFs f o r  s i n t e r i n g  operat ions repor ted  i n  pounds per ton input  
could not  be converted t o  pounds per ton s i n t e r  f o r  two reasons.  F i r s t ,  input  
can be def ined  i n  th ree  ways--raw m a t e r i a l  from b ins ,  raw m a t e r i a l  from bins  
and recyc le  f i n e s ,  and f i n a l l y ,  raw m a t e r i a l  from b ins ,  recycle f i n e s ,  and 
h e a r t h  layer .  The d e f i n i t i o n  u t i l i z e d  was not  made c l e a r  i n  many of the re- 
ports .  Second, depending on p lan t  opera t ions ,  the  mass r a t i o  between input  
and output product may not  be the  same from p l a n t  t o  p lan t .  

2.  Test s e r i e s  averages represent ing  f r o n t  and back h a l f  p a r t i c u l a t e  as 
measured by EPA Method 5 were excluded. T e s t  s e r i e s  which were reported un- 
c l e a r l y  a s  t o  whether they represented f r o n t  and back h a l f  or  j u s t  f r o n t  h a l f  
p a r t i c u l a t e  were a l s o  excluded. 

3.  Test s e r i e s  f o r  cont ro l led  t e s t s  f o r  which t h e  c o n t r o l  'device was 
not  s p e c i f i e d  were excluded. 

4 .  Test s e r i e s  t h a t  were unclear ly  reported a s  t o  what process source 
they represented were excluded. 

5. Test s e r i e s  t h a t  were reported u n c l e a r l y  as t o  whether they were 
cont ro l led  o r  uncont ro l led  were excluded. 

The r u l e s  f o r  c a l c u l a t i n g  t h e  r e p r e s e n t a t i v e  EF f o r  a source were: 

1. I f  any source category has f o u r  o r  more A-rated t e s t  s e r i e s ,  then 
t h e  r e p r e s e n t a t i v e  EF va lue  s h a l l  be equal t o  t h e  average of t h e s e  A-rated 
t e s t  series as determined by Equation 1. 

.. 2. I f  any source category has  less than four  A-rated t e s t  s e r i e s  but 
more than zero, then t h e  r e p r e s e n t a t i v e  EF v a l u e  s h a l l  be a weighted average 
of t h e  A- and Ei-rated averages with t h e  A-rated EF average rece iv ing  twice 
t h e  weight t h a t  t h e  Ei-rated EF average does. 

3. I f  t h e r e  are no A-rated values ,  t h e n  t h e  r e p r e s e n t a t i v e  EF v a l u e  
s h a l l  be equal t o  t h e  average of t h e  B-rated t e s t  s e r i e s  averages a s  d e t e r -  
mined by Equation 1. 
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J.f t h e r e  a r e  no A- and B-rated values ,  then t h e  r e p r e s e n t a t i v e  EF va lue  
s h a l l  be equal t o  t h e  average of C- and D-rated values. 

The philosophy behind t h e  above r u l e s  i s  a s  follows. I f  t h e r e  i s  a sig- 
n i f i c a n t  number of A-rated test  series, t h a t  is ,  t e s t s  performed by a sound 
methodology and reported i n  enough d e t a i l  t o  adequately v a l i d a t e  t h e  t e s t  
s e r i e s ,  then the  s i n g l e  v a l u e  should be set equal t o  t h e  average of t h e  A- 
ra ted values  alone. I f  t h e r e  i s  not  enough A-rated t e s t  s e r i e s  t o  cover a 
s i g n i f i c a n t  number.of p l a n t s  (estimated a s  fou r ) ,  then t h e  B r a t e d  t e s t  se r -  
i e s  should a l s o  be included i n  t h e  averaging process so t h a t  t h e  s i n g l e  EF 
value approaches a t r u e  industry-wide average. Bu t ,  i n  order  t o  counter- 
balance t h e  f a c t  t h a t  B r a t e d  t e s t  series may not  have been performed prop- 
yrly,  t h e  A-rated average should be weighted a s  more important than (twice 
as  heavi ly  a s )  t h e  B r a t e d  average. I f  t h e r e  a r e  no A-rated t e s t  s e r i e s ,  then 
t h e  s ing le  va lue  should be set equal t o  t h e  average of t h e  G r a t e d  t es t  ser -  
ies .  No C- o r  D-rated t e s t  s e r i e s  should be included with A- o r  B r a t e d  t e s t s  
i n  determining t h e  s i n g l e  EF, s i n c e  they were performed by e i t h e r  an unac- 
ceptable  o r  unknown methodology o r  a r e  based on e s t i m a t e s w h i c h  cannot be 
corroborated. I f  t h e r e  a r e  no A- o r  B r a t e d  t e s t  s e r i e s ,  then t h e  s i n g l e  EF 
value should be s e t  equal t o  t h e  average of t h e  C and D-rated t e s t  s e r i e s .  
This provides a t  least an order  of magnitude v a l u e  f o r  t h e  source, but  should 
by no means be expected t o  provide any more precis ion.  These C and D-rated 
t e s t  s e r i e s  are only used a s  a l a s t  r e s o r t  s i n c e  no o t h e r  d a t a  a r e  ava i lab le .  

4.2 OPEN DUST SOURCES 

The s i n g l e  EFs t h a t  should be used  t o  represent  open d u s t  sources  a t  
ex i s t ing  p l a n t s  a r e  shown i n  Table 13. These f a c t o r s  a r e  i n  t h e  form of pre- 
d i c t i v e  equations and, consequently, t h e i r  use  n e c e s s i t a t e s  t h a t  t h e  inde- 
pendent v a r i a b l e s  be quant i f ied.  For cases  where es t imates  must be made f o r  
p l a n t  expansions o r  new p lan t s ,  t h e  equat ions i n  Table 13 can a l s o  be used, 
but t h e  independent v a r i a b l e s  w i l l  n e c e s s a r i l y  have t o  be estimated. The 
average v a l u e s  presented i n  Tables 15-17 could be used f o r  t h e s e  est imates .  

.. 
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SUMMARY 

The purpose of t h i s  r e p o r t  was t o  develop a r e p r e s e n t a t i v e  p a r t i c u l a t e  
EF o r  p r e d i c t i v e  equat ion f o r  each s i g n i f i c a n t  source i n  t h e  i r o n  and s t e e l  
industry.  To accomplish t h i s ,  r e s u l t s  of emission t e s t s  performed by indus- 
t r y ,  EPA c o n t r a c t o r s ,  l o c a l ,  s t a t e ,  and reg iona l  environmental regula tory  
bodies were compiled i n  Section 3.0 and each EF ra ted  a s  t o  i t s  r e l i a b i l i t y .  

For  process s t a c k  and f u g i t i v e  emissions, weighted averages of t h e  most 
r e l i a b l e  t e s t s  were then ca lcu la ted  i n  Section 4.0 t o  develop r e p r e s e n t a t i v e  
p a r t i c u l a t e  EF values a s  shown i n  Table 18. Unfortunately,  much of t h e  com- 
p i l e d  da ta  were not  u s e f u l  i n  determining the  f i n a l  r e p r e s e n t a t i v e  EF va lue  
f o r  reasons of u n r e l i a b i l i t y ,  repor t ing  of t h e  production r a t e  i n  incompatible 
un i t s ,  i n c l u s i o n  of condensable emissions, unspecif ied c o n t r o l  devices ,  and 
lack  of c l a r i t y  concerning which sources were a c t u a l l y  sampled. 

For  open d u s t  sources,  p r e d i c t i v e  equat ions a s  shown i n  Table 13 were 
s e l e c t e d  a s  t h e  most accura te  method t o  p r e d i c t  emissions f r a n  e x i s t i n g  and 
proposed plants .  The l a r g e  d i f f e r e n c e  i n  EF va lues  f o r  t h e  same source due 
t o  varying raw o r  in te rmedia te  m a t e r i a l  c h a r a c t e r i s t i c s  o r  c l i m a t i c  v a r i a t i o n  
with geographic l o c a t i o n  can t h m  be predicted.  

In  conclusion, i t  i s  important t o  repea t  t h e  caut ion  i n  Section 1.0 
t h a t  the  va lues  i n  Tables 13 and 18 a r e  average EFs obtained from a wide 
range of d a t a  of varying degrees of accuracy. The reader  m u s t  be cautioned 
not  t o  use these  emission f a c t o r s  ind iscr imina te ly .  That i s ,  the  f a c t o r s  gen- 
e r a l l y  may not y i e l d  prec ise  emission f a c t o r s  f o r  an i n d i v i d u a l  i n s t a l l a t i o n .  
Only on-si te  source tests can provide d a t a  s u f f i c i e n t l y  accura te  and prec ise  
t o  determine a c t u a l  emissions f o r  t h a t  source. Emission f a c t o r s  a re  most ap- 
propr ia te  when used i n  d i f f u s i o n  models f o r  the  es t imat ion  of t h e  impact of 
proposed new sources  upon the ambient a i r  q u a l i t y  and f o r  community o r  na t ion-  
wide air p o l l u t i o n  emission est imates .  
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APPENDIX 

T Y P I C A L  CONVERSION FACTORS FOR MATERIAL FLOW CALCULATIONS 
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TABLE A-1. TYPICAL CONVERSION FACTORS UTILIZED FOR E N G I N E E R I N G  ESTIMATES 
OF QUANTITIES OF MATERIAL HANDLED 

~~ ~ 

Process Conversion f a c t o r  Reference 

Coke manufacture 1.0 uni t  coal  
0.69 un i t  coke 

Iron product ion 0.55 un i t  coke 
1 . 0  un i t  i r o n  

& 

I 

1.55 u n i t s  of  i ron bear ing n a t e r i a l  1 
1 . 0  un i t  i r o n  

0 . 5  un i t  s i n t e r  
1 .0  u n i t  i ron 

1 .0  , u n i t  i r on  o r e  
1.0 u n i t  i ron 

0 .2  un i t  l i ae s tone  
1 . 0  un i t  i r o n  

0.2 (unit s l a g  
1 .0  u n i t  i r o n  

o r  

0.3-0 .4  unit  slag 
1.0  un i t  i r o n  

o r  

0.2-0.35 un i t  s l ag  
1 .0  u n i t  i ron  

Average of 5 years  o f  
A I S 1  da ta  

Calculated by d i f -  
ference 

1 

2 

3 

4 

BOF s t e e l  production 0 . 7  uni t  h o t  metal 
1 .0  un i t  BOF s t e e l  

0 .3  u n i t  scrap 
1.0 uni t  BOF s t e e l  

0.45-0.55 un i t  hot  metal 
1 .0  u n i t  O W  s t e e l  

21 

P. 

OHF s t e e l  production 

0.45-0.55 uni t  scrap 
1 . 0  un i t  OHF s t e e l  

7 5  



1. 

2. 

3. 

4. 

APPENDIX REFERENCES 

Vatavuk, W. M., and L. K. F e l l e i s e n .  I r o n  and S t e e l  M i l l s .  In:  Compila- 
t i o n  of Air P o l l u t a n t  Emission Factors .  AP-42, Environmental P r o t e c t i o n  
Agency, Research Tr iangle  Park,  North Carolina,  1976. 

Rehmus, F. H., D. P. Manka, and E. A. Upton. 
During Slag Quenching. 

Control of H2S Emissions 
Journa l  o f  the  A i r  P o l l u t i o n  Control Associat ion,  

23( 10): 864-869, 1973. 

S t e ine r ,  B. A. 
I n t e r n a t i o n a l  Metal Review, (9):171-192, 1976. 

Anonymous. Evolution of I r o n  and Steelmaking. In :  The Making, Shaping, 
and Treat ing of S tee l ,  H. E. McGannon, ed. 9th Edi t ion,  1971. p. 34. 

A i r  P o l l u t i o n  Control  i n  t h e  I r o n  and S t e e l  Industry.  

76 



REPORT NO.  2. 

... . . . . . 
EPA-450/4-79-028 

. .  . ~. 
T I ~ L E  A N O S U R T ~ T L E  

Part iculate  Emission Factors Applicable to  the 
Iron and Steel I n d u s t r y  

A U T H O R I S I  

Thomas A .  Cuscino, J r .  
110. PROGRAM ELEMENT N O .  P E R F O R M I N G  O R G A N I Z A T I O N  N A M E  A N 0  ADDRESS 

3. RECIPIENT'S ACCESSIOWNO.  

~ 

5. REPORT D A T E  

September 1979 
6. P E R F O R M I N G  O R G A N I Z A T I O N  C O D E  

8. P E R F O R M I N G  O R G A N I Z A T I O N  R E P O R T  N( 

Midwest Research Ins t i t u t e  
425 Volker Blvd .  
Kansas City, MO ti4110 

2 .  SPONSORING AGENCY NAME AND ADDRESS 

U.S. Environmental Protection Agency 

Research Triangle Park, NC 27711 
Monitoring and Data Analysis Division (MD-14) 

i. ABSTRACT 

11.  C O N T R A C T I G R A N T  N O .  

68-02-2814 
Task Number 23 

Final 
13. T Y P E  OF R E P O R T  A N D  P E R I O D  COVEREC 

14. SPONSORING A G E N C Y  CODE 

COSATI  1:icldICroun 

An intensif ied e f f o r t  has occurred in the l a s t  3 years t o  update the iron 
and steel  industry par t iculate  emission factors  presented in AP-42 and  t o  a d d ,  
fo r  the f i r s t  time, fugi t ive source emission factors .  

I t  i s  the objective of t h i s  report t o  present the resu l t s  of t h i s  data 
gathering and analysis e f f o r t .  The report i s  divided into three major areas.  
F i r s t ,  background information will be presented related t o  the processes in 
the iron and s teel  industry along with a process flow chart .  Second, a l l  of 
the par t iculate  source t e s t  data will be presented and summarized in chart  
form. 
factors and the resul t ing par t iculate  emission factors  will be presented. 

. '  

Third, the methodology for  selecting s ingle  source specif ic  emission 

K E Y  WORDS A N 0  D O C U M E N T  A N A L Y S I S  

DESCRIPTORS Ib . lDENTIF IERS/OPEN E N D E D  T E R M S  

Air Pollution 
Particulate 
Emissions 
Emission Factor 

Iron and Steel 
Par t iculate  Emissions 
Emission Factor 

unl  imi ted  
A Form 2220-1 19-73) 77 

'1. NO.  O F  PAGES 

81 
2. PRICE 



c 

1 




