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SUMMARY 

This report presents the results of an engineering investigation of fugi- 
tive emissions in the integrated iron and steel industry. 
to the accomplishment of the following objectives: 

This study was directed 

1. Identification of fugitive emission sources within integrated irbn and 
steel plants 

2 .  Ranking of identified emissions sources based on relative environmental 
impact 

3. Recommendations of future research, development and/or demonstration 
to aid in the reduction of fugitive emissions from the sources de- 
termined to be the most critical. 

Operations specifically excluded from this study were coke ovens, charging of 
basic oxygen furnaces, and blast furnace cast houses. 

Fugitive emissions in the iron and steel industry can be generally divided 
into two classes - process fugitive emissions and open dust source fugitive 
emissions. Process fugitive emissions include uncaptured particulates and 
gases that are generated by iron and steelmaking furnaces, sinter machines, 
and metal forming and finishing equipment, and that are discharged to the 
atmosphere through building ventilation systems. 
tive emissions include those sources such as raw material storage piles, from 
which emissions are generated by the forces of wind and machinery acting on 
exposed aggregate materials. 

Open dust sources of fugi- 

Quantitative data which characterize process fugitive emissions from in- 
tegrated iron and steel plants are sparse. A few measurements of process fugi- 
tive emissions have been published, but lack of detail on test methods adds 
uncertainty to the results. In a number of cases, crude estimating techniques 
have been used to generate fugitive emissions data. 
confusion as to the origin of emissions data frequently results from poor 
documentation. 

To compound the problem, 

c 

, .. . 

Prior to this study, little attempt had been made to quantify open dust 
sources within integrated iron and steel plants. 
to assess this source category included (a) detailed ?pen dust source surveys 

The means used in this study 

i 

I_ 
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of four integrated iron and steel plants and (b) field testing of dust emissions 
from materials handling operations and from traffic on unpaved and paved roads. 
The results of this effort indicate that open dust sources contribute substant- 

plants. 
ially to the atmospheric particulate discharged from integrated iron and steel c 

Prioritization of control needs was determined by ranking of fugitive 
sources on the basis of typically controlled emissions of fine particulate 
(smaller than 5 urn in diameter) and suspended particulate (smaller than 30 um 
in diameter). 
lution are attributed to fine particulaQ-, which also has sufficient atmospheric 
transport potential for regional-scale impact. 
ticles smaller than about 30 ym in diameter (having a typical density of 2 . 5  

mal wind conditions, both the coarse and fine particle fractions of suspended 
particulate contribute to measured ambient particulate levels. 

w 

Most adverse health and welfare effects of particulate air pol- 

However, because airborne par- 

g/cm 3 ) are readily captured by a standard high-volume air samples under nor- 

Ranking of fugitive sources on the basis of typically controlled fugitive 
emissions of fine particulate and suspended particulate produced the following 
prioritization of control needs: 

Fine Particulates Suspended Particulates 

(1) Electric Arc Furnaces (1) Vehicular Traffic 
(2) Vehicular Traffic (2) Electric Arc Furnaces 
(3)  Basic Oxygen Furnaces (3) Storage Pile Activities 
( 4 )  Storage Pile Activities (4) Sintering 
( 5 )  Sintering (5) Basic Oxygen Furnaces 

It is evident from these rankings that open dust sources should occupy a prime 
position in control strategy development for fugitive emissions. I' 

Analysis of available control technology for process fugitive emission . .  . ... 
sources indicates the substantial progress has been made in developing devices 

.:..., ... ... ..':;-,and .methods for. emissions capture and removal. "'However, major problems exist 
in retrofitting proposed systems to existing operations. This is complicated 
by the serious lack of data on (a) uncontrolled emission quantities and char- 
acteristics, (b) control device effectiveness (particularly relating to capture 

. .  

efficiency) and (c) control costs.. . .  

A number of promising control methods are also available for open dust 
sources. Again, however, little data exist on the effectiveness of these 
methods, which must be related to the intensity of control application. Al- 
though cost data can be derived, costs need to be related to the specific 
method design which will produce the desired level of control. 

x iv 
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Research is recommended to determine the cost-effectiveness of promising 
control options for both process sources of fugitive emissions and open dust 
sources. This will allow for rational selection of control methods for further 
development. Example cost-effectiveness a&lyses for a process source (canopy 
hood system for electric arc furnace) and for various open dust sources indi- 
cate the control of open dust sources has a substantially more favorable cost- 
effective ratio. 

A major problem hindering the development of control efficiency data is 
the lack of specified reference methods for the measurement of fugitive emis- 
sions. Generalized methods have been proposed, but these methods have not been 
evaluated for accuracy and precision in relation to specific source conditions. 
Moreover, practicable measurement method options produce data which are generjlly 
not source specific. 

A notable exception to this situation is the MRI exposure profiling method-. 
This method was successfully used in this study to measure source specific emis- 
sion rates and particle size distributions for a number of open dust sources. 
However, in spite of the demonstrated advantages of exposure profiling over 
conventional upwind/dovnwind sampling, the latter technique persists as the 
backbone of current field oriented research on open dust sources, which is 
being conducted primarily in other industries. 
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CONCLUSIONS AND RECOMMENDATIONS 

This sec t ion  presents  the major conclusions reached in t h i s  i nves t iga t ion  
and recommendations f o r  reducing negat ive  impacts o f  these  conclusions.  I n  
f u l f i l l m e n t  o f  the program o b j e c t i v e s ,  a major e f f o r t  was p u t  f o r t h  t o  evalu-  
a t e  the need f o r  fu ture  research and development programs which would provide , .  . , 

fug i t ive  emissions con t ro l  technology f o r  i n t eg ra t ed  iron and s t e e l  p lan ts .  
Consequently, t h e  recommendations focus on needed fu tu re  work. 

. .  

The emission f a c t o r s  a v a i l a b l e  f o r  f u g i t i v e  process  sources  ( a s  presented 
i n  Table 3-1 and 3-2) are, f o r  t h e  most p a r t ,  e i t h e r  der ived from t e s t i n g  bu t  
no t  supported by adequate repor . t ing techniques,  or are .estimates rather than 

,measured va lues .  .These inadequacies  have produced a range of q u a n t i t a t i v e  un- 
c e r t a i n t y  ( a s  presented in Table 3-4) a s  l a rge  a s  a f a c t o r  of 7 .  The lack  o f  
quan t i f i ed  emission f a c t o r s  h inde r s  t h e  r e l i a b l e  assessment of  the a i r  q u a l i t y  
impact of  a proposed or e x i s t i n g  s t e e l  p l a n t ,  and the  development of  r a t i o n a l  
fug i t ive  emission cont ro l  s t r a t e g i e s .  

There are two poss ib l e  recommendations t o  deal with t h e  d e f i c i e n c i e s  in 
a v a i l a b l e  f u g i t i v e  emission f a c t o r s  f o r  process  sources .  
t a i l  contac t ing  o r i g i n a l  i n v e s t i g a t o r s  and producing a more d e t a i l e d  r e p o r t  on 
a v a i l a b l e  emission f ac to r s .  Those f a c t o r s  which were obviously inadequately 
documented could then be  replaced by new, more adequately supported va lues .  
The second recommendation would be  t o  use  t h e  a v a i l a b l e  f a c t o r s  t o  e s t ima te  a 
range of impacts. However, t h i s  l a t t e r  s t r a t e g y  would be  unacceptable i f  i m -  
po r t an t  dec is ions  hinged on the '  a p p l i c a t i o n  of h ighly  uncer ta in  va lues .  

R i o r  t o  t h i s  study only a few emission f a c t o r s  had been developed f o r  
open dus t  sources .  A s  a r e s u l t  o f  t e s t i n g  conducted as  pa r t  of  t h i s  s tudy ,  
s eve ra l  open dus t  sources have been q u a n t i f i e d ,  bu t  ava i l ab le  d a t a  f o r  most 
sources a re  s t i l l  i n s u f f i c i e n t  t o  develop p red ic t ive  emission f a c t o r  equat ions  
of acceptable  r e l i a b i l i t y .  Consequently,  an obvious recommendation is t o  con- 
duct  f u r t h e r  t e s t s  on major open dust sources  such a s  unpaved roads and s t o r -  
age p i l e s .  

The f i r s t  would en- 

J u s t i f i c a t i o n  f o r  f u r t h e r  i n v e s t i g a t i o n  o f  open dus t  sources is presented 
in Table CR-1, which compares nationwide s t ack  and f u g i t i v e  emissions for the  
iron and s t e e l  indus t ry .  I t  is important t o  note  t h a t  the emission r a t e s  pre- . ' 

sented a r e  approximate. These va lues  a r e  intended t o  give a r e l a t i v e  comparison 

, Preceding page blank 



TABLE CR-1.  COMPARISON OF NATIONWIDE STACK AND FUGITIVE EMISSIONS 

i 
Estimated 1976 t y p i c a l l y  cont ro l led  

f i n e  p a r t i c u l a t e  emission r a t e &  
General source category Stack Fugi t ive  

I A .  Process sources  

S in t e r ing  

Hot metal  t r a n s f e r  

58,000 t / y r  4,700 tlyr 
(52,000 T/yr) (2,500 T/yr) 

- 750 t / y r  
- (830 T/yr) 

E l e c t r i c  a r c  furnace (EAF) 15,000 t / y r  23,000 t / y r  
(13,000 T/yr) (25,000 T/yr) 

Basic oxygen furnace (BOF) . .13,000 t / y r  9,100 t / y r  
(12 ,000 T ly r )  (10,000 T/yr) 

Open hea r th  furnace (Om) 4,400 t l y r  1,200 t / y r  
(4,000 T/yr) (1,300 T/yr) 

j 
Scarf ing  

! '  
j B .  Open sources  

I 
! -  

Unloading raw m a t e r i a l s  

Convey'or t r a n s f e r  s t a t i o n s  

Storage p i l e  a c t i v i t i e s  
I 

110 t / y r  610 t / y r  
(98 T/yr)  .' . .. ' (670 T/yr) 

- 430 t / y r  
(470 T/yr) 

- 790 t / y r  
(870 T/yr) 

5,200 t l y r  
(5,700 T/yr) 

Vehicular t r a f f i c  - 11,500 t l y r )  
(13,000 T/yr) 

Wind e ros ion  of exposed a r e a s  - 480 t / y r  
(540 T/yr) 

- a /  t / y r  = metr ic  tonnes (2,204 lb) per yea r ;  T /y r  = s h o r t  tons  (2,000 lb )  per 
year .  

1 x v i i i  
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of source importance rather than an absolute quantification of emissions from 
each source. 

The major conclusions from Table CR-1 are: 

1. Fine particulate emissions from vehicular traffic (13,000 T/year) and 
storage pile activities (5,700 T/year) rank second and fourth, re- 
spectively, in terms of the magnitude of fugitive emissions emitted 
nationwide from controlled sources. 

2.  Fine particulate emissions from vehicular traffic are comparable, on 
an individual basis, to typically controlled stack emissions from 
EAFs and BOFs. ,,.... ..._. . , .  .. , .  . . . , . .  . .. .. . . . . . .. 

.i .,.. . . .  . .  

3 .  Wind erosion and raw material unloading and conveying.,a.re small.open .. ._ 
dust sources on a nationwide ba'sis. 
wind erosion may constitute a considerable portion of the emissions 
because of dry climate.) 

Ton a specific plant basis, 

Before further testing of fugitive emission sources proceeds, there ex- 
is'ts the need for the specification of standardized methods of measurement. 
is recommended that for open dust sources, the relative merits of the available 
techniques, specifically upwind/downwind sampling and exposure profiling, be 
evaluated for each source type and that a single technique be detailed as a 
reference method for each source category. 
for process sources. 

'It' 

The same recommendations are made 

The control equipment for the process fugitive sources reviewed in this 
study already exists and has been applied in isolated cases. 
with application of these controls lie in retrofitting control equipment to 
existing operations. This is complicated by the serious lack of data on (a) 
uncontrolled emission quantities and characteristics, (b) control device ef- 
fectiveness (particularly relating to capture efficiency), and (c) control 
costs. 

However, problems 

. .  

A number of promising control methods are also available for open dust 
sources. Again, however, little data exist on the effectiveness of these 
methods, which must be related to the intensity of control application. Al- 
though data can be derived, costs need to be related to the specific method 
design which will produce the desired level of control. 

Research is recommended to determine the cost-effectiveness of promising 
control options for both process sources of fugitive emissions and open dust 
sources. This will allow for rational selection of control methods for fur- 
ther development. The results of a cost effectiveness analysis presented in 
Table 7-7 have shorn that watering and road oiling of unpaved roads and broom 
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and vacuum sweeping of paved roads a r e  a t  l e a s t  a f a c t o r  of twenty times more 
cos t  e f f e c t i v e  than use of canopy hoods i n  a t y p i c a l  e l e c t r i c  a r c  furnace shop. 
Cost e f f e c t i v e n e s s  i s  measured a s  d o l l a r s  of annual c a p i t a l  investment and 
ope ra t ing  cos t  per pound reduct ion of f i n e  p a r t i c u l a t e  emissions. F 

The ranking of f u g i t i v e  sources,  on both a nationwide and a l o c a l  l e v e l ,  
i l l u s t r a t e s  t h e  importance of c o n t r o l  needs f o r  open d u s t  sources.  On a nation- 
w i d e  s c a l e ,  t h e  f i v e  highest  ranked sources  a re :  G' 

Fine P a r t i c u l a t e s  Suspended P a r t i c u l a t e s  

(1) E l e c t r i c  a r c  furnaces  (1) Vehicular t r a f f i c  
( 2 )  Vehicular t r a f f i c  (2) E l e c t r i c  a r c  furnaces 
(3) Basic oxygen furnaces (3)  Storage p i l e  a c t i v i t i e s  
(4) Storage p i l e  a c t i v i t i e s  ( 4 )  S i n t e r i n g  
(5) S i n t e r i n g  (5)  Basic oxygen furnaces 

These source emit t h e  l a r g e s t  q u a n t i t i e s  of f i n e  and suspended p a r t i c u l a t e ,  
taking i n t o  account t y p i c a l l y  appl ied c o n t r o l  measures. 

The importance of veh icu la r  t r a f f i c  a s  a major f u g i t i v e  source of f i n e  and 
suspended p a r t i c u l a t e  i s  evident  by i t s  f i r s t  and second place pos i t ions  under 
both ranking schemes. On a nationwide b a s i s ,  t he re  i s  approximately one-third 
as  much c o n t r o l l e d  f u g i t i v e  emissions of f i n e  p a r t i c l e s  from unpaved roads as 
from e l e c t r i c  a r c  furnaces.  and nea r ly  one-sixth as much cont ro l led  f u g i t i v e  
emissions of f ine  p a r t i c l e s  from paved roads aa from e l e c t r i c  a r c  furnaces. 
The favorable  cos t  e f f e c t i v e n e s s  ratio of unpaved road c o n t r o l s  suggests t h a t  
they be included i n  plant  fug i t ive  emission c o n t r o l  programs. 

. .  
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3 SECTION 1.0, 

INTXIDUCTION 

Unt i l  recent ly ,  t he  na t iona l  e f f o r t  t o  con t ro l  i n d u s t r i a l  sources  of a i r  
p o l l u t i o n  has  focused on emissions discharged from s tacks ,  duc ts  o r  f lues, ,  and 
c a r r i e d  t o  the p o i n t  of discharge i n  confined flow streams. Control s t r a t e g i e s  
have been based on the  assrrmption that  the  primary a i r  q u a l i t y  impact of i n -  
d u s t r i a l  opera t ions  r e s u l t e d  from the discharge of a i r  p o l l u t i o n  from conven- 
t i o n a l  ducted sources.  

However, f a i l u r e  t o  achieve the  a i r  q u a l i t y  improvements a n t i c i p a t e d  from 
the  con t ro l  of  ducted emissions has  spurred a d e t a i l e d  reexamination of the 
i n d u s t r i a l  a i r  p o l l u t i o n  problem. Evidence is mounting which i n d i c a t e s  that 
f u g i t i v e  (nonducted) emissions c o n t r i b u t e  s u b s t a n t i a l l y  t o  the a i r  q u a l i t y  im- 
p a c t  of i n d u s t r i a l  Operations and, i n  c e r t a i n  i n d u s t r i e s ,  may swamp the ef- 
f e c t s  of s t ack  emissions. 

Iron- and steel-making processes ,  which a r e  c h a r a c t e r i s t i c a l l y  batch o r  
semicontinuous operat ions,  e n t a i l  the genera t ion  of s u b s t a n t i a l  q u a n t i t i e s  of 
f u g i t i v e  emissions a t  numerous poincs  i n  the process  cycle .  Frequent m a t e r i a l s  
handl ing s t e p s  occur i n  the  s torage  and p repa ra t ion  of  raw m a t e r i a l s  and i n  
the d i sposa l  of process  wastes. Addit ional ly ,  f u g i t i v e  emissions escape from 
r e a c t o r  vessels during charging, process  hea t ing  and tapping. 

Fugi t ive  emissions occurr ing i n  the m e t a l l u r g i c a l  p rocess  i n d u s t r i e s  con- 
s t i t u t e  a d i f f i c u l t  a i r  po l lu t ion  con t ro l  problem. Emissions a r e  discharged 
w i t h  a h ighly  f luc tua t ing  ve loc i ty  I n t o  l a r g e  volumes of  c a r r i e r  gases  having 
poorly def ined boundaries. Emissions from r e a c t o r  v e s s e l s  con ta in  l a rge  quan- 
t i t i e s  of f i n e  p a r t i c u l a t e  with smal le r  amounts of vaporous meta ls  and organ- 
ics i n  ho t ,  co r ros ive  gas  s t r e w .  Enclosures and hooding of f u g i t i v e  sources ,  
w i t h  duccing t o  conventional con t ro l  devlces ,  have m e t  w i t h  l imi t ed  success i n  
c o n t r o l l i n g  emissions. 

This  r e p o r t  p re sen t s  t h e  r e s u l t s  of an engineering i n v e s t i g a t i o n  of  fugi-  
t i v e  emissions i n  the in t eg ra t ed  i r o n  and s teel  industry.  This  study was d i -  
r ec t ed  t o  t h e  accomplishment of t h e  following objec t ives :  

1. I d e n t i f i c a t i o n  of f u g i t i v e  emission sources wi th in  in t eg ra t ed  i r o n  
and s t e e l  p lan ts .  

. , . . . . , 
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2 .  Ranking o f  i d e n t i f i e d  emission sources based on r e l a t i v e  environmen- 
t a l  impact. 

3 .  Recommendations of f u t u r e  research ,  development and/or demonstration 
t o  a i d  i n  the  reduct ion  of f u g i t i v e  emissions from t h e  sources determined t o  
be t h e  most c r i t i ca l .  

Operations s p e c i f i c a l l y  excluded from t h i s  s tudy were coke ovens, charging o f  a 
b a s i c  oxygen furnaces ,  and b l a s t  furnace c a s t  houses. 
ing i n v e s t i g a t e d  under separa te  research e f f o r t s  at  the time t h i s  study was 
begun. 

These sources were be- 

Fugi t ive  emissions i n  t h e  i ron and s t e e l  industry can be genera l ly  d i -  
vided in to  two c l a s s e s  - process f u g i t i v e  emissions and open dus t  source f u g i -  
.tive emissions.  
gases  t h a t  a r e  generated by steel-making furnaces ,  s i n t e r  machines, and metal 
forming and f i n i s h i n g  equipment, and t h a t  are discharged t o  the  atmosphere 
through b u i l d i n g  v e n t i l a t i o n  systems. 
include those sources ,  such a s  raw mater ia l  s torage  p i l e s ,  from which emissions 
are generated by the  forces  of wind and ,machinery.act ing on -exposed aggregate 
materials. 

R o c e s s  f u g i t i v e  emissions inc lude  uncaptured p a r t i c u l a t e s  and 

. .  
Open d u s t  sources of f u g i t i v e  emissions 

Table 1-1 l i s t s  the  process  sources of f u g i t i v e  emissions and t h e  open 
d u s t  sources which a r e  t h e  s u b j e c t  of t h i s  study. Although emissions from 

with c e r t a i n  opera t ions  (such as s u l f u r  dioxide,  carbon monoxide, m n i a ,  
hydrocarbons, and n i t rogen  oxides  from coke manufacture and carbon monoxide 
from b l a s t  furnaces,  s i n t e r i n g  and steel-making furnaces)  a l s o  can be expected 
t o  escape c o l l e c t i o n  and t o  become f u g i t i v e  i n  nature.  Nevertheless,  t h i s  i n -  
v e s t i g a t i o n  i s  d i r e c t e d  t o  p a r t i c u l a t e  emissions only, because p a r t i c u l a t e  - 

m a t t e r  i s  the p r e v a l e n t  c o n s t i t u e n t  of f u g i t i v e  emissions discharged from in-  
t e g r a t e d  i r o n  and steel  p lan ts .  

. .  t h e s e  sources  c o n s i s t  p r i m a r i l y  of p a r t i c u l a t e s ,  gaseous.emissions assoc ia ted  :.: 

The t e c h n i c a l  approach used t o  conduct t h e  subjec t  i n v e s t i g a t i o n  con- 
. .  '* s i s t e d  of t h e  performance of  t h e  following seven program tasks.  

Task 1 - I d e n t i f v  Funt t ive  Emission Sources: A comprehensive i n f o m a t i o n  
c o l l e c t i o n  and d a t a  compilation e f f o r t  was c a r r i e d  out  t o  i d e n t i f y  a l l  poten- 
t i a l l y  s i g n i f i c a n t  sources  of f u g i t i v e  emissions occurring within i n t e g r a t e d  
i r o n  and steel  p la? ts .  

Task 2 - Quant i fy  Funi t ive  Emissions: Avai lable  emissions d a t a  based on 
source tests and es t imat ing  techniques were used t o  c h a r a c t e r i z e  the types 
and q u a n t i t i e s  of f u g i t i v e  emissions from sources  i d e n t i f i e d  i n  Task 1. MRI's 
exposure p r o f i l i n g  technique was used t o  f i e l d  tes t  open d u s t  sources a t  east- 
e r n  and western p l a n t  sites. ? 
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TABLE 1-1. SOURCES OF FUGITIVE EMISSIONS FROM 
INTEGRATED I R O N  AND STEEL PLANTS 

A. Process Sources 

1. Scrap c u t t i n g  
2. S in te r ing  

* Windbox leakage 
* Strand discharge 
* CooLing 
* Screening 

3. Hot meta l  t r a n s f e r  
4. Hot metal  desu l fu r i za t ion  
5. Electric a r c  furnace 

. .. 

..., 

* Charging 
* Electrode p o r t  leakage 

* Slagging 
* Tapping 

6. Basic oxygen furnace 

* Deskulling 
* Charging 
* Leakage (furnace mouth, hood sec t ions ,  and oxygen lance p o r t )  
* Tapping 
* Slagging 

7. Open hea r th  furnace 

* Charging * 
* Tapping 
* Slagging 

Leakage (doors and oxygen lance p o r t )  

8. Slag quenching 
9. Teeming 

10. Scar f ing  (machine and hand) 

B. Open Dust Sources 

a/  
b/ 1. Unloading ( r a i l  and/or barge)  - raw- m a t e r i a l s  

2. Conveyor t r a n s f e r  s t a t i o n s  - raw and i n t e r m e d i a t e  ma te r i a l s  

(cont inued)  
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TABLE 1-1 (continued) 

c /  * 3. Storage pile activities - raw, intermediate, and waste materials 

* Load-in 
* Vehicular traffic around storage piles 
* Wind erosion of storage piles 
* Load-out 

4 .  Vehicular traffic 

* Unpaved roads 
* Paved roads 

5 .  Wind erosion of bare areas 

- a/ 
- b/ 
- c /  

Raw materials - iron ore, coal, and limestoneldolomite. 
Intermediate materials - coke and sinter. 
Waste materials - slag and flue dust. 

, .... 
. .  
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Task 3 - Review Exis t ing  Control  Technoloqy: Information was c o l l e c t e d  
and analyzed t o  eva lua te  the  e f f ec t iveness  of  ava i l ab le  systems and techniques 
appl icable  t o  the con t ro l  of  p rocess  f u g i t i v e  emissions and open d u s t  sources.  

Tasks 4 and 5 - Develop Emissions C l a s s i f i c a t i o n  System and C l a s s i f y  
Emissions: A gener ic  c l a s s i f i c a t i o n  system was developed and appl ied  t o  iden- 
t i f y  the s i m i l a r i t i e s  and d i f f e rences  i n  f u g i t i v e  emission sources thereby de- 
f in ing  genera l ized  con t ro l  problems which m i g h t  most e f f e c t i v e l y  be  t r e a t e d  
in an i n t e g r a l  manner. 

Task 6 - Determine C r i t i c a l  Control  Needs: Using background information 
developed i n  previous tasks ,  the i d e n t i f i e d  f u g i t i v e  sources  were ranked ac- 
cording t o  the  r e l a t i v e  environmental b e n e f i t  of ( o r  need f o r )  emissions con- 
t r o l  requi r ing ,  i f  necessary,  the development and demonstration of  e f f e c t i v e  
con t ro l  techniques. 

Task 7 - Recornend Research and Development Programs: Having i d e n t i f i e d  
and ranked con t ro l  needs i n  Task 6,  p r i o r i t y  F&D program a r e a s  were recommended 
t o  address  these  needs taking i n t o  account de f i c i enc ie s  in a v a i l a b l e  con t ro l  
technology and the  expected r e s u l t s  of  research programs a l ready  underway. 

This r epor t  i s  organized by s u b j e c t  a r ea  as follows: 

. Sect ion  2 i d e n t i f i e s  f u g i t i v e  emission sources wi th in  in t eg ra t ed  i ron  
and s teel  p lan ts .  

Sec t ion  3 p resen t s  d a t a  on the q u a n t i t i e s  of f u g i t i v e  emissions includ-  
ing the r e s u l t s  of the f i e l d  t e s t i n g  of open d u s t  sources.  

Y . 
. Sect ion 4 presen t s  t h e  r e s u l t s  of  surveys of open d u s t  sources con- 

ducted a t  four  i n t eg ra t ed  i r o n  and s t e e l  p l an t s .  

Sect ion 5 slnmnarizes c o n t r o l  technology app l i cab le  t o  process  fugi -  
t i v e  emissions sources. 

i . 
. Sect ion 6 sunnnarizes con t ro l  technology app l i cab le  t o  open dus t  

sources. J 

Sect ion 7 presen t s  a ranking of c r i t i c a l  c o n t r o l  needs and de f ines  
p r i o r i t y  R&D program a r e a s  d i r e c t e d  t o  the development of con t ro l  
technology f o r  f u g i t i v e  emissions. 

. 

. Sect ion 8 l i s t s  the re ferences  c i t e d  i n  t h i s  r epor t .  

. Sect ion 9 presents  t h e  Glossary of Terms, which de f ines  spec ia l  termi-  
nology used i n  t h i s  r epor t  t o  desc r ibe  and cha rac t e r i ze  f u g i t i v e  emis- 
s ion  sources.  
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A mixture of  metric and English uni ts  was used i n  t h i s  report .  The word 

- ton always re fers  t o  short ton (abbreviated 'T"), which i s  equivalent t o  2,000 
l b .  The word tonne always refers t o  the metric tonne (abbreviated "t") , which 
is equivalent t o  2 ,200  l b .  An English-to-metric conversion table  fol lows Sec- 
t i o n  9 .  

. .  , .  
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SECTION 2.0 

FUGITIVE EMISSIONS SOURCE IDENTIFICATION 

This  s ec t ion  provides a d i scuss ion  o f  t h e ' v a r i o u s  process f u g i t i v e  emis- 

These sources a re  assoc ia ted  with t h e  major processing opera t ions  ... . .  s ions  sources  and open dus t  sources wi th in  the  in t eg ra t ed  iron and s t e e l  i n -  
dus t ry .  
used i n  producing iron and steel and w i t h  t h e  handl ing o f  l a r g e  q u a n t i t i e s  o f  
raw ma te r i a l s ,  processed m a t e r i a l s ,  and by-products.  '. . 

Figure 2-1 g ives  a process flow diagram for  a r ep resen ta t ive  in t eg ra t ed  
i r o n  and s t e e l  p lan t .  Typical process material balances a re  given in Figure 
2-2 and t y p i c a l  ma te r i a l  quan t i ty  conversion f a c t o r s  a r e  given in Table 2 - 1 .  
F i n a l l y ,  industry-wide ma te r i a l  flows a r e  presented i n  Figure 2-3. 

In t h e  following subsec t ions ,  t h e  i d e n t i f i c a t i o n  and cha rac t e r i za t ion  o f  
each f u g i t i v e  emission source inc ludes :  (a) desc r ip t ion  of the  s p e c i f i c  op- 
e r a t i o n s  t h a t  genera te  f u g i t i v e  emissions,  (b) q u a n t i f i c a t i o n  of t h e  source 
ex ten t ,  and (c) d i scuss ion  of t h e  major physical  and chemical c h a r a c t e r i s t i c s  
of  t h e  f u g i t i v e  emissions streams a t  the  point  of discharge.  

2 . 1  PROCESS SOURCES 

Presented below i s  a d i scuss ion  o f  each o f  t he  s p e c i f i c  process f u g i t i v e  
emission sources l i s t e d  i n  Table 1-1. The c h a r a c t e r i s t i c s  o f  f u g i t i v e  emis- 
sions from process sources  a r e  summarized in T a b l e  2-2. 

2.1.1 Scrap C u t t i n g  

Source Descr ipt ion--  

f o r  s t e e l  furnace charging buckets  and machines i s  c u t  t o  a proper s i z e  with 
shears  or a to rch .  Torch c u t t i n g  of  sc rap ,  which i s  t y p i c a l l y  performed out-  
doors ,  is the  source o f  f u g i t i v e  emissions considered he re .  

Scrap iron and s t e e l  is used i n  the manufacture of s t e e l .  Scrap too l a rge  

There a r e  no published d a t a  t o  ind ica t e  how many torch  opera t ing  hours 
per year  a r e  used i n  the  i r o n  and s t e e l  indus t ry .  It is  l i k e l y  t h a t  most of  
these  opera t ing  hours a r e  u t i l i z e d  t o  cu t  home scrap,  r a t h e r  than purchased 
scrap. 
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Figure 2-2. Mass balances--integrated iron and steel industry, 
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TABLE 2 - 1 .  TYPICAL CONVERSION FACTORS UTILIZED FOR ENGINEERING 
ESTPIATES OF QUANTITIES OF MATERIAL HANDLED 

Procel l  convarsim factor  Reference .4 

Coke manufaeturo 1 . 0  uni t  ea.1 
. 

0.69 unit coke 

Iron production 0.55 u n i t  coke 2 (r, 

1 .0  uni t  iron 

1.55 m l t s  of  iron bear‘inr matorial 2 
1.0 unit iron 

0 . 5  uai t  s in ter  
1.0 uni t  iron 

1 .O..unit iron ore 
1 . 0  unit i ron 

0.2 unit limestone 
1.0 L a i t  iron 

0.2 un i t  s1.g 
1 .o “ n i t  iron 

or 

0.3-0.L mi: slag 
1.0  unit iron 

or 

0.2-0.35 unit  s lag  
1 .0  unit iror, 

BOT s t e e l  production 0.7 uni t  hot metal 
1 . 0  unit BOF s t e a l  

0 . 3  “nit SCY-llD 

.1.0 unit BOP ste.1 

OR€ rcee: production 0 . 4 5 4 . 5 5  unit hot metal 
1 . 0  *it ow a t e e l  

0.45-0.55 u n i t  r c r q  
1 . 0  ““it om *tee1  

Average o f  5 years of 
AIS1 data 

C a l c u l s t d  by d f f -  
fareace 

2 

2 

3 

4 

5 

i 
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Home scrap  includes crop ends ,  s k u l l ,  s p i l l s ,  r e j e c t e d  semi-finished 
products,  trimmings, and so on. 
i n to  f in i shed  products w i l l  end up a s  home scrap.-  

In gene ra l ,  35% of  t h e  raw s t e e l  manufactured 
71  

Source Extent--  
In 1976, 25 mi l l i on  tons  were used in EAFs, 26.3 m i l l i o n  tons  in BOFs, 

and 12.3 mi l l i on  tons  in Oms. 
scrap used by t h e  i ron and s t e e l  indus t ry ,  and purchased sc rap  makes up  the 
remainder. 

Emission Charac t e r i s t i c s - -  
The emission c h a r a c t e r i s t i c s  f o r  to rch  c u t t i n g  of s c rap  a re  assumed t o  

be similar t o  those from sca r f ing .  The most s a l i e n t  and probably the  most 
i m p o r t a n t  c h a r a c t e r i s t i c  o f  scrap c u t t i n g  emissions is t he  f i n e  s i z e  of the 
p a r t i c u l a t e  re leased .  

Home scrap  c o n s t i t u t e s  about 55% o f  t o t a l  

2.1.2 S i n t e r i n g  

Source Descr ipt ion--  

t he  s i n t e r  breaker  and is passed through a h o t  screening process .  
e r l y  s i zed  ma te r i a l  i s  passed through t h e  cooler  which is normally of  the in- 
duced d r a f t ,  annular  type. F i n a l l y ,  t h e  s i n t e r  is t r anspor t ed  t o  t h e  cold 
screen where the proper s i z e  s i n t e r  is separated ou t  and s e n t  t o  the b l a s t  
furnace.  

A s  t he  fused l aye r  o f  s i n t e r  leaves  the  s i n t e r  machine, i t  drops i n t o  
The prop- 

The process sources of  f u g i t i v e  e m i s s i m s  in s i n t e r  p l a n t s  a r e :  
s t rand  d ischarge ,  which normally inc ludes  t h e  s i n t e r  breaker  and ho t  s c reen ,  
(b) cooler  d i scharge ,  and (c) t h e  co ld  screen.  MRI  f e e l s  t h a t  s ince  the 
windbox is under negative opera t ing  pressure ,  windbox leakage is  not a source 
of  f u g i t i v e  emissions.  

Source Extent--  

United S t a t e s ,  w i th  p l an t  c a p a c i t i e s  ranging from 2,000 t o  6,000 tons of  
s i n t e r  per day.&/ 
downward t r end  f o r  t he  last 10 years .d /  This  t r end  can be a t t r i b u t e d  t o  
the  dep le t ion  of s eve ra l  na tu ra l  iron o r e  mines and t h e  n e c e s s i t y  t o  u t i -  
l i z e  t h e  lower grade t a c o n i t e  o r e s  which a r e  p e l l e t i z e d  a t  t h e  mine s i t e .  
In 1976, 36,300,000 tona o f  s i n t e r  were produced wi th in  t h e  s t e e l  industry.-  

Emissions C h a r a c t e r i s t i c s -  
A s  ind ica ted  i n  Table 2-2, p a r t i c u l a t e  emissions from s i n t e r i n g  a r e  

coarse  in comparison with o t h e r  process  fug i t ive  emissions.  Only 5% of  the 
s i n t e r  p lan t  fug i t ive  emissions a r e  smaller  than 5 urn. The composition given 
in Table 2-2 is a c t u a l l y  f o r  windbox emissions,  but it is assumed t h a t  t h e  

(a) 

A s  of  1974, t h e r e  were 36 s i n t e r i n g  f a c i l i t i e s  in ex i s t ence  in t he  

S i n t e r  product ion i n  t h e  United S t a t e s  h a s  been on a 

91 
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composition of  emissions from sources downstream of  the windbox is t he  same, 
s ince  the s i n t e r  undergoes only physical handl ing and s i z ing  processes.  

2.1.3 Hot Metal Transfer  

Source Descr ipt ion--  

these  s t a t i o n s ,  .thercxpedcolc_car f r o m  t h e  b l a s t  furnace pours molten i r o n  
e i t h e r  i n t o  the  charging l a d l e  o r  i n t o  a mixer which is subsequently tapped 
i n t o  t h e  charging l a d l e .  It is t h e  v io l en t  mixing during t h e s e  pours t h a t  

which c o n s i s t s  of carbonaceous, f l ake - l ike  p a r t i c l e s  t h a t  leave t h e  molten 
iron a s  it begins  t o  cool .  

Source Extent--  

and v i r t u a l l y  a l l  of  t h i s  ho t  metal w a s  t r a n s f e r r e d  p r io r  t o  processing. 

Every BOF shop and most OHF shops have a h o t  metal t r a n s f e r  s t a t i o n .  A t  
% 

produces i r o n  oxide emissions.  Another type  of emission produced is kish ,  I 

I n  1976, 82,900,000 tons  of hot metal were produced wi th in  t h e  industry 

Emissions Charac t e r i s t i c s - -  
Table 2-2 shows t h a t  the fug i t ive  p a r t i c u l a t e  emissions from t h e  hot  

metal t r a n s f e r  s t a t i o n  a r e  coarse  i n  comparison t o  the  o t h e r  process f u g i t i v e  
emissions.  This  i s  due mainly t o  the  f a c t  t h a t  t he  k i s h ,  which is much l a r g e r  
i n  s i z e  than the  i ron  oxide p a r t i c l e s ,  is 'produced i n  g r e a t e r  weighc, thus 
s h i f t i n g  t h e  combined s i z e  d i s t r i b u t i o n  toward the coa r se  end of  the spectrum. 

2.1.4 Hot Metal Desu l fu r i za t ion  

.. . . .  

Source Description- '  

metal  a t  a pos i t i on  between the  b l a s t  furnace and t h e  steel-making furnace.  
Emissions r e s u l t  from (a) a g i t a t i o n  of  t he  h o t  metal a s  the desu l fu r i ze r  is 

, added., (b) handl ing o f  t h e  desu l fu r i ze r ,  (c) natural r e j e c t i o n  of carbon by 
the  ho t  meta1, 'and (d) skittoning of  t h e  s l a g  i n t o  a pot.  

Source Extent--  

furnace and t h e  steel furnace has  not been publ ished.  

Fug i t ive  emissions a r e  generated by the  add i t ion  of d e s u i f u r i z e r s  t o  hot  

. .. 

The percentage o f  ho t  metal p resent ly  desu l fur ized  between the b l a s t  

Emission Charac te r  is t ic s -- 
metal d e s u l f u r i z a t i o n .  One of t h e  c o n s t i t u e n t s  is k i sh ,  which has  been pre-  
v ious ly  descr ibed .  Another o f  t he  cons t i t uen t s  is i r o n  oxides  a r i s i n g  from 
the a g i t a t i o n  of  t h e  h o t  metal .  A t h i r d  c o n s t i t u e n t  of  t he  emissions is t h e  
d e s u l f u r i z e r  i t s e l f .  Some possible  d e s u l f u r i z e r s  a re  CaC2, CaO, NaC03, NaOH, 

L i t t l e  is known concerning the  c h a r a c t e r i s t i c s  of emissions from hot 

Mg, and CaC03. A, 

Y 
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2.1.5 E l e c t r i c  Arc Furnaces 

Source Descr ipt ion-  

ing ,  tapping,  s lagging ,  and e l e c t r o d e  port  leakage. 
only the f i r s t  th ree  a r e  o f  r e g u l a r  occurrence.  
furnace roof is removed and the  d i r e c t  s h e l l  evacuation (DSE) system is r en -  
dered ine f fec t ive .  Charging emissions a re  generated when d i r t y  o r  o i l y  scrap  
is dropped i n t o  contac t  with t h e  h o t  furnace l i n i n g .  
furnace t i l t s  forward, and t h e  emissions occur a s  t he  molten s t e e l  e n t e r s  t he  
tapping l a d l e .  During s lagging ,  t h e  furnace t i l t s  back and t h e  emissions oc- 
cu r  a s  the molten s l a g  e n t e r s  t he  s l a g  pot. In both tapping and s lagging ,  i t  
is the  v io l en t  mixing of  t he  molten ma te r i a l  t h a t  produces t h e  fume. 

The sources of  f u g i t i v e  emissions from e l e c t r i c  a r c  furnaces  a re  charg- 
Of these  four sources ,  

During scrap  charg ing ,  the 

During t apping ,  the 

Emissions during meltdown and r e f i n i n g  s t ages  a r e  gene ra l ly  captured by 
When, for  some reason ,  the d r a f t  on t h e  furnace produced by the DSE system. 

the DSE system is reduced, fumes escape through the  e l ec t rode  po r t s .  

Source Extent--  

1972, t he re  were 299 opera t ing  EAFs; and 450 furnaces  a r e  pro jec ted  t o  be i n  
opera t ion  by 1980.10’ 
24% a l l o y  s t e e l ,  and 7% s t a i n l e s s  s t e e l .  
EAFs produced 15% o f  carbon s t e e l ,  41% of  t h e  a l l o y  s t e e l  and 100% o f  the  
s t a i n l e s s  steel  f o r  a t o t a l  o f  20% o f  t h e  e n t i r e  U.S. s t e e l  production (see 
Table 2-3) .- 

E l e c t r i c  a r c  furnaces a r e  increas ing  in number in t h e  United S t a t e s .  In 

In 1976, EAF production cons is ted  of  69% carbon s t e e l ,  
In terms of  t o t a l  s t e e l  production, 

9/  

91 TABLE 2-3. 1976 RAW STEEL PRODUCTION BY TYPE OF FLIRNACE- 

Production Percentage of  
Furnace (1,000 tons) t o t a l  

E l e c t r i c  a r c  24,600 20 
Open hea r th  23,500 18 

62 Basic oxygen 79,900 - 
T o t a l  128,000 100 

Emission Charac t e r i s t i c s - -  

ness  and low degree o f  plume buoyance. 
they t r a v e l  from t h e  EAF t o  t h e  bui ld ing  monitor. 

The major c h a r a c t e r i s t i c s  of  EAF f u g i t i v e  emissions a r e  p a r t i c l e  f ine -  
The emissions a r e  cooled rap id ly  as 

The composition o f  t he  
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p a r t i c l e s  is dominated by i ron  oxide and z inc  oxide ,  wi th  t h e  la t ter  being 
prevalent  when galvanized scrap i s  i n  the charge.  

2 .1 .6  Basic Oxygen Furnaces * 
Source Descripi ion- - 

The sources  of f u g i t i v e  emissions from b a s i c  oxygen furnaces  are charg- 
i ng ,  t apping ,  s lagging ,  puf f ing ,  deskul l ing ,  and leakage from the  lance port  ri 

and primary hood. The f i rs t  th ree  sources occur  r egu la r ly ,  but the l a s t  t h ree  
occur  inf requent ly .  During charging,  tapping ,  and s lagging ,  t h e  furnace is 
t i l t e d  from underneath the  p r i m a r y  hood so t h a t  emissions generated i n  these  
t h r e e  p o s i t i o n s ,  unless  captured,  w i l l  r i s e  and leave  through the  bui ld ing  
monitor.  
the primary hood t o  handle.  This  fume escapes between the  mouth of t h e  fur -  
nace and the  primary hood when the  hood is o f  the  open type.  When t h e  hood is 
o f  the  closed or combustion suppression type,  puff ing i s  nonexis tent .  Deskull- 
ing  emissions a r e  generated during the removal of hardened s t e e l  a t  t he  mouth 
of a BOF with a gas  c u t t i n g  lance.  F i n a l l y ,  leakage around the lance port  and 
through the  openings of  a s ec t iona l i zed  primary hood occurs  i n  a few i s o l a t e d  
cases .  Normally, t h e  negat ive pressure in s ide  the  primary hood p roh ib i t s  t h i s  
type  o f  emission. 

Source Exrent-- 
BOF steel production has  increased dramat ica l ly  i n  the l a s t  decade i n  t he  

United S t a t e s ,  wi th  BOF shops frequently r ep lac ing  OHF shops. By 1980, 90 BOF 
furnaces  w i l l  be i n  opera t ion  with ind iv idua l  furnace c a p a c i t i e s  ranging from 
75 t o  350 tons .  I n  1976, BOF production cons i s t ed  of  92% carbon s t e e l  and 8% 
a l l o y  s t e e l .  I n  terms of  t o t a l  s t e e l  product ion,  BOFs produced 66% of  t h e  
carbon s t e e l  and 44% o f  a l l o y  s t e e l  for  a t o t a l  of 62% of the  t o t a l  U.S. raw 
s t e e l  production (see Table  2-3) .- 91 

Emissions C h a r a c t e r i s t i c s  - - 
Although the re  is no s tandard design f o r  roof  monitors,  one monitor i s  known 
t o  be 8 x 500 f t  and t o  have an emission s t ream exit ve loc i ty  ranging from 
500 t o  800 f p m .  P a r t i c u l a t e  emissions from t h e  BOF cons i s t  mainly of  Fe203. 
The p a r t i c l e  s i z e  da t a  a v a i l a b l e  f o r  BOPS are cont rad ic tory ,  with the  f r a c -  
t i o n  smal le r  than 5 pm ranging from 0.06 t o  0.90; i n  Table 2-2, 0.5 has  been 
chosen as  an average. 

Puf f ing  is caused by the production o f  fume too  l a r g e  i n  volume f o r  

BOF f u g i t i v e  emissions escape t o  t h e  atmosphere through t h e  roof monitor. 

2.1.7 O p e n  Hearth Furnaces 

Source Descr ipt ion-  

leakage ,  tapping,  and s lagging.  Charging emissions r e s u l t  from the  addi t ion  , 
of hot  metal or scrap i n t o  t h e  hot  furnace.  Leakage emissions occur as a r e s u l t  

The sources  of  f u g i t i v e  emissions from open hear th  furnaces a r e  charging,  
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of improperly posit ioned charging/ tapping doors  and from oxygen lance-port  
leakage. Tapping and s lagging emissions r e s u l t  from t h e  v io l en t  mixing o f  
the poured molten material. 

Source Extent--  

s e t t i n g  the  decrease in  OHF steelmaking capac i ty .  OHFs accounted for  55% of 
s t e e l  produced in 1967, bu t  by 1976 t h e  percentage of s t e e l  produced in OHFs 
had decreased t o  18% (see Table 2-3) .  
v i r t u a l  ex t inc t ion  o f  t he  open h e a r t h  furnace by 1990. 

E m i s  s ions Charac te r i s t i c s  -- 

The increase  in new BO!? steelmaking capac i ty  i n  t h e  United S t a t e s  is o f f -  

Some’ f o r e c a s t e r s  have predicted t h e  

The f u g i t i v e  emissions c h a r a c t e r i s t i c s .  of open hear th .  furnace.s a r e  simi- 
. . . . .  l a r  t o  the o the r  types of steelmaking furnaces .  . . .  

2.1.8 Slap. Quenching 
.. . .  . . . ,  

Source Descr ipt ion-  

b l a s t  furnace and s t e e l  furnace s l a g  f o r  t he  purpose o f  cool ing .  The fug i -  
t i v e  emission of primary concern is gaseous H2S. 

Source Extent- 
Calcu la t ions  show t h a t  approximately 25 mil l ion  tons  o f  b l a s t  furnace 

s l a g  were produced i n  1976. The percentage o f  t h i s  s l a g  t h a t  was water cooled 
is unknown. 

The fug i t ive  emission source considered here  is add i t ion  o f  water t o  

Emission Charac t e r i s t i c s -  
L i t t l e  is known concerning t h e  amount of H2S produced by s l ag  quenching. 

2.1.9 Teeming 

Source Descr ipt ion-  

add i t ions  and a g i t a t i o n  of molten s t e e l  during pouring and l a d l e  add i t ions .  

Source Extent--  

a tundish feeding continuous c a s t i n g  s t r ands .  The amount of  s t e e l  requi r ing  
l a d l e  addi t ions  during teeming is unknown. 

Emission Character is t i c  s -- 

The f u g i t i v e  emission sources of  concern in teeming a r e  handl ing of  l a d l e  

Nearly a l l  mol ten  s t e e l  is e i t h e r  teemed i n t o  ingot  molds or poured in to  

No known t e s t s  have been performed t o  cha rac t e r i ze  teeming emissions.  
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2.1.10 Sca r f ing  

Source Descr ipt ion--  
Pr ior  t o  r o l l i n g  m i l l  opera t ions ,  t he  b i l l e t s ,  blooms and s labs  a r e  i n -  

spected so t h a t  d e f e c t s  p o t e n t i a l l y  de t r imen ta l  t o  the  f in i shed  products may 
be  removed by chipping,  gr inding ,  o r  s ca r f ing .  Of these  ope ra t ions ,  scar f ing- -  
e i t h e r  by hand or machine-produces the g r e a t e r  amounts of f u g i t i v e  emissions.  
Both sca r f ing  ope ra t ions  employ methods t o  burn  off  the ou te r  s t e e l  l aye r .  
Fug i t ive  emissions occur from leaks  from t h e  machine sca r f e r  ' s  cont ro l  equip- 
ment and from open (outdoor) hand sca r f ing .  

Source Extent--  

mainly by machine s c a r f i n g .  

Emissions C h a r a c t e r i s t i c  8 - -  

of f i n e  p a r t i c l e s ,  which because of  enhanced l i g h t  s c a t t e r i n g  p o t e n t l a l ,  may 
c r e a t e  dense plumes. 

2.2 OE'EN DUST SOURCES 

Of the  t o t a l  s teel  produced, approximately 20 t o  50XG' is sca r fed ,  

A s  i nd ica t ed  in Table 2-2 ,  emissions from s t e e l  s ca r f ing  c o n s i s t  l a r g e l y  

.. , , 

3' 

(r 

Fug i t ive  emissions a r e  discharged from a wide v a r i e t y  of open dus t  sources 
wi th in  an fn tegra ted  i r o n  and steel p lan t .  Because open dus t  source emissions 
he igh t s  are u s u a l l y  l e s s  than 10 m above t h e  ground, t h e  open dus t  source im- 
pact a t  the  p lan t  boundary and surrounding areas is g r e a t e r  than t h e  impact of 
t he  e leva ted  high-temperature process source having t h e  same emission r a t e .  
This sec t ion  g ives  information on source d e s c r i p t i o n ,  source e x t e n t ,  and emis- 
s ions  c h a r a c t e r i s t i c s  o f  t he  following open d u s t  sources: ma te r i a l s  handl ing,  
s to rage  p i l e  a c t i v i t i e s ,  vehicu lar  t r a f f i c  and wind erosion o f  exposed a reas .  

2.Z.k' Ma te r i a l s  Handling 

Source Descr ipt ion-  

d l ing  o f  raw, in te rmedia te  and waste m a t e r i a l s  i n  the  in t eg ra t ed  i ron  and s t e e l  
i ndus t ry .  
loaded from barges and railcars and t r a n s f e r r e d  by conveyors. 

There a r e  numerous fug i t ive  dus t  emission poin ts  assoc ia ted  wi th  t h e  han- 

Th i s  s e c t i o n  t r a c e s  the methods by which these  ma te r i a l s  a r e  un- 

c 

Figure 2 - 4  p re sen t s  a t y p i c a l  flow diagram f o r  ma te r i a l s  handl ing i n  the  
i ron  and s t e e l  indus t ry .  Raw mater ia l s  e n t e r  an i ron  and steel  p lan t  by 
barge ,  ra i l ,  and t o  a l e s s e r  ex ten t  by t ruck .  Barges a re  unloaded by clam- 
s h e l l  bucket or conveyor bucket-ladder methods. 
fug i t i ve  dus t  when t h e  ma te r i a l  is dropped onto  a nearby s torage  p i l e  o r  un- 

This t r a n s f e r  process y i e l d s  

derground conveyor. ~ 
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Rai l ca r s  a r e  unloaded a t  s ide  dump, r o t a r y  dump, or bottom-hopper d k p  

s t a t i o n s .  The s i d e  railcar dump unloading process;which is' assoc ia ted  with 
the  ore  br idge  system, t u r n s  the loaded car a t  almost a 90-degree angle;  and 
t h e  ma te r i a l  f a l l s  i n t o  a spec ia l  motorized r a i l c a r .  A t  a s p e c i f i c  l oca t ion ,  
t h i s  ca r  drops the ma te r i a l  through s i d e  chu te s  i n t o  a p i t .  The mater ia l  is 
picked up by a clamshel l  bucket and is dropped on to  a s torage  p i l e .  Fugi t ive  
dus t  emission po in t s  occur during:  (a) railcar s i d e  dump, (b) motorized c a r  
s i d e  chute  dump; and (c) dropping of t h e  material from t h e  clamshel l  bucket 
onto t h e  p i l e .  

. .  

The r o t a r y  ,iL.np railcar unloading process  r o t a t e s  the r a i l c a r  180 degrees 
with the material f a l l i n g  onto an underground conveyor. The ma te r i a l  is moved 
by conveyor t o  the s torage  p i l e  a rea .  Up t o  t h i s  point ,  f u g i t i v e  dus t  emis- 
s ions  occur a t  t he  r o t a r y  dump s t a t i o n  and a t  conveyor t r a n s f e r  s t a t i o n s .  

The bottom dump r a i l c a r  process u t i l i z e s  bottom-hopper r a i l c a r s  which 
drop t h e i r  conten ts  onto an underground conveyor. The conveyor moves the  ma- 
t e r i a l  t o  t h e  s to rage  p i l e  area. Fugi t ive  dus t  emissions p o i n t s  occur a t  t he  
bottom dump r a i l c a r  s t a t i o n  and a t  t r a n s f e r , s t a t i o n s  along t h e  conveyor rou te .  . .  

, .  

The t r anspor t  and subsequent t r a n s f e r  o f  materials v i a  conveyor systems 
, .  

a r e  open sources o f '  f u g i t i v e  dus t  emissions.  
t h e  a c t u a l  conveyor t r a n s p o r t  of ma te r i a l s  i s  a r e l a t i v e i y  i n s i g n i f i c a n t  
source of  emissions.  

d e r  average wind speed condi t ions .  
eve r ,  wind blown dus t  emissions can occur during conveyor t r anspor t  o f  mate- 
r i a l s .  

Dust emissions a t t r i b u t e d  t o  

This is due t o  the conf igura t ion  of  t h e  open conveyor 

During h igh  wind speed condi t ions ,  how- 
. - .  b .e l t ,  which is U-shaped and s h i e l d s  the material from t h e  fo rces  of wind un-. >. 

; i  

. ... . ; ' 
' i  

'u 

S i g n i f i c a n t  f u g i t i v e  dus t  emissions occur at conveyor t r a n s f e r  s t a t i o n s .  
,. . Here the  conveyed m a t e r i a l s  are t r a n s f e r r e d  from one conveyor network t o  

another .  
s u l t a n t  drop  onto a conveyor c r e a t e s  not iceable  dus t  emissions.  

, ,  
The mixing o f  t h e  exposed f r e e  f a l l i n g  aggregate mate 'r ials and r e -  

. .  . 

Fug i t ive  dus t  emissions r e s u l t  a l s o  from the physical  s i z i n g  of  ma te r i a l s  
a t  conveyor screening s t a t i o n s .  Here materials pass  through a s e r i e s  of 
sc reens  t o  sepa ra t e  f i n e  and coarse f r a c t i o n s .  
such as coking and b l a s t  furnaces r e q u i r e  materials t o  be coarse  in s ize ;  
o t h e r  processes ,  such as s i n t e r i n g ,  u t i l i z e  m a t e r i a l s  t h a t  are f i n e  in  s i z e .  

Ce r t a in  steelmaking processes  

Source Extent--  
Every in t eg ra t ed  i r o n  and s t e e l  p l an t  has  fac i l i t i es  f o r  t h e  unloading 

and subsequent conveyor t r a n s f e r  and screening o f  var ious ma te r i a l s  used o r  
produced i n  the  steelmaking processes.  
o r e ,  i ron-bearing p e l l e t s ,  c o a l ,  f l u x  materials (l imestone, dolomite,  e tc . )  . 
and scrap  metal. 

Major raw materials include lump i r o n  

Major in te rmedia te  materials include coke and s i n t e r ,  while 

i 
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waste ma te r i a l s  include s l ag  and f l u e  d u s t .  
these  major materia1.s i n  1976 a r e  presented in  Table 2 - 4 .  

Industry-wide usage l e v e l s  of 

TABLE 2 - 4 .  1976 INDUSTRY-WIDE PRODUCTION AND RECEIPT 
OF INEW MATERIALS~’ 

~ 

Input ma te r i a l  
Production and r e c e i p t  

(106 tons)  

Lump i r o n  ore 17.5 

Coal 79.1 
Coke 60.9 
Flux 2 9 . 5  
Scrap metal 6 8 . 3  

I ron  ore p e l l e t s  86.7 

Published d a t a  descr ib ing  t h e  c h a r a c t e r i s t i c s  o f  f u g i t i v e  emissions from 
mate r i a l s  handl ing were found t o  be  sparse. Because of  t h i s ,  a conveyor t r a n s -  
f e r  s t a t i o n  was included in t h e  source  t e s t i n g  phase o f  t h i s  s tudy ,  t o  be de- 
sc r ibed  i n  Sect ion 3 . 3 . 2  of  th i s  r e p o r t .  Table 2 - 5  presen t s  a v a i l a b l e  in fo r -  
mation concerning ma te r i a l s  handl ing  emissions c h a r a c t e r i s t i c s .  

2 . 2 . 2  Storage Pile A c t i v i t i e s  

Source Description-- - 

l a rge  amounts o f  r a w ,  in termediate  and waste ma te r i a l s .  The major i ty  o f  
these  ma te r i a l s  remain in  s torage f o r  per iods ranging between 5 t o  60 days;  
however, c e r t a i n  ma te r i a l s ,  such a s  waste products ,  may remain in s torage  
f o r  s eve ra l  years  before  f u r t h e r  usage.. ,F.ugi-tte-dust emissions assoc ia ted  
with open s to rage  p i l e s  r e s u l t  from four  source a c t i v i t i e s :  (a) load-in o r  
addi t ion  of mater . iaLto  a . s t o r a g e p i l e ;  (b) vehicular-Jraff  i c  around s torage 
p i l e s ,  usua l ly  r e l a t e d  to maintenance of p i l e  conf igu ra t ion ;  (c) wind-erosion 
of exposed p i l e  su r face ;  arid (d) load-out ~ o r r ~ ~ ~ ~ a l ~ - ~ f f ~ m a t e r i . a l - :  -F-igure 2 - 4  
d e p i c t s  these  source a c t i v i t i e s  r e l a t i v e  t o  t h e  previously mentioned mater i -  
a l s  handling. 

The production of  f in i shed  s t e e l  products e n t a i l s  t h e  s tockp i l ing  o f  

- -- 
I_~ . 

. .- .~ 

I n  t h e  i ron  and s t e e l  i ndus t ry ,  s to rage  p i l e  ma te r i a l  load- in  is accom- 
pl ished by: (a) gantry-crane clamshel l  buckets ;  (b) conveyors a t tached  t o  
s t a t iona ry  and mobile s t a c k e r s ;  and (c) front-end loaders .  Fugi t ive  dus t  
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emissions occur as t h e  mater ia l  is being dropped onto t h e  s torage  p i l e ,  ex- 
posing suspendable dus t  t o  ambient a i r  c u r r e n t s .  

Vehicular t r a f f i c  aroun~_stor.age-pi-l..es-,-consi-st-ing-of.-th~ovement of  - 
front-end loade-, bu l ldozers ,  and t r u c k s ,  genera tes  f u g i t i v e  d u s t  emissions 

b y  t r ave l ing  over a dust- laden su r face ,  usua l ly  c o n s i s t i n g  of  t he  s torage  p i l e  
ma te r i a l .  Contact o f  t h e  vehic le  with the  sur face  causes  pu lve r i za t ion  o f  
sur face  ma te r i a l  and l i f t i n g  of  suspendable f i n e s  i n t o  wind c u r r e n t s .  

. Fugi t ive  dus t  emi ss ions a& ge-s-ul t_ f r . o a - t h e - u h d ~ - e m . e i ~ e  
p i l e s .  The threshold  e ros ion  wind ve loc i ty  for  t h i s  phenomenon is bel ieved 
t-12 m p h . g /  
t he  r e s u l t  of  momentum t r a n s f e r  when s a l t a t i n g  (bouncing) p a r t i c l e s  , o f .  l a r g e r  
s i z e  s t r i k e  the  sur face .  

Fine p a r t i c l e s  are in j ec t ed  i n t o  the  atmosphere mostly as  .. . .... 

.: . ' 

.,.. . '  . ..... _ _ .  ..; :.. , ,.!. .-... 
The load-out  process i z a l s o  a source o f . ' f u g i t i v e  dus t  emissions:  Meth- "" 

ods used f o r  reclaiming s torage  p i l e  material include:  (a) "raking" ma te r i a l s  
onto underground conveyors; .  (b) f ront-end loading and t r a n s f e r  o f  ma te r i a l s  t o  
conveyor b i n s  ; (c) mobile "bucket-wheel" reclaiming onto  underground conveyors ; 
(d) bottom feed plow o f  material (underneath the p i l e )  t o  underground convey- 
ors; and (e) c l q s h e l l  bucket removal of ma te r i a l  t o  underground conveyors or 
h igh l ine  cars. The quan t i ty  o f  f u g i t i v e  dus t  emissions r e a l i z e d  from these  . 

processes is dependent on the  r e l a t i v e  mechanical force  assoc ia ted  with the 
reclaiming procedures and ma te r i a l  s i l t  and moisture.  

Source Extent--  

p i l e  a c t i v i t y  i n  t h e  i r o n  and s t e e l  i ndus t ry .  Values  presented a r e  averages 
obtained from four  open dus t  surveys which were conducted as p a r t  o f  t h i s  
study as repor ted  in Sec t ion  4. 

Emissions Charac t e r i s t i c s -  

p i l e  a c t i v i t i e s .  
ing conducted a s  p a r t  of  t h i s  s tudy .  

Table 2-6 summarizes t h e  d a t a  pe r t a in ing  t o  t h e  source ex ten t  of  s to rage  

Table 2 - 7  presents  emissions c h a r a c t e r i s t i c s  o f  t h e  four  s p e c i f i c  s torage  
These d a t a  a r e  based l a r g e l y  on t h e  r e su l t s  of  source t e s t -  

2.2.3 Vehicular  T r a f f i c  

Source Descr ipt ion--  - - .. 

Motor veh ic l e s  a r e  u t i l i z e d  ex tens ive ly  i n  t h e  in t eg ra t ed  i ron  and s t e e l  
I indus t ry .  

vehic les  ( ca r s ,  pickups,  vans, e t c . )  t r anspor t  employees t o  and from d i f f e r -  
e n t  p lan t  a r eas ;  and t rucks  of  var ious  s i z e s  ( 5  t o  70 tons  loaded weight) 
t r anspor t  r a w  and f in i shed  ma te r i a l s  wi th in  and  ou t s ide  the p l a n t .  Fugi t ive  
dus t  emissions are generated by these  veh ic l e s  t r a v e l i n g  on unpaved and paved 
roads .  

Employees' veh ic l e s  a r e  dr iven  i n t o  t h e  p l a n t ;  l i gh t -du ty  p l an t  

2 -17 



, . .,. .. . . . .  , 

5 

E n  3 3 N 3 

u 

m u  r l c  
Y o -  
m U #  
U V  
m u  

v) 

- 5  
m - * 
a 
Y 
m 

N 
4 

N 

0, 

3 
3 

4 

u -  

P; 
0 

N 

3 
? 
0 

0: 
0 

3 

0 

C 
rl m -  

~m u m c  
C Y 0  

0 
0 
0 

: r- 
d . , ., .. ... 

. . . .  , .: . .  . .  

.I 

m- 

m 
m 
3 

2-18 



t 

'V 

OL 

U n 

?l 

' A  
3 
c .a. - 
v 

e. 
n 
n 

c . 
C 
0 
3 
Y 
m 
0 

0 
U 

e 

2 2 U z U z 
d 
3 

3 
al 

0 

Q 
C 
a 

U 

> 
3 

0, 

Q 
W 
Y 

W 

Y 

; 
3 

Q 
W 
u 
4 

b 
3 
W 

B 
b 
u 
4 

d 
Y 

Q 
W 
Y 

i? 
W 

Y 
3 

N 

n 

C 
0 
3 
u 
V 
ed 
VI 

.. 
h 
U 
(Y 

m 
Y 
111 " 

Y 
.. 
M 
C 
i 
Y 
10 
0 
il 

0 
U 
0 

UI 
Y 
ly c 

W 
u 
U 
2 
0 m 
m 
x 
Q 

- 
a 
Y 
u) 

m 
U 

c . 
3 

m 
W 
d 
4 n 

m .. 
Y 

c 
0 

- - . W 
M 

c 4  
O b  
- 0  
m u  o m  

W Y  
c v  
3 
I 

W 

2 
U 
W 
v 
m a 

-a u 
'a 
m 
m 

Y 
a 

0 
0 
-1 

Y 
0 z 
II 

I 
. . 

-1 
. 
ai 
. 
V I  - ..... 

2-19 



. .  

.:. . .: 

. . .  

Unpaved road su r faces  produce s u b s t a n t i a l l y  g r e a t e r  emissions than paved 
roads with t h e  same t raff ic .  Within an i ron  and s t e e l  p lan t ,  unpaved roads 
a r e  usua l ly  surfaced wi th  s l a g  o r  d i r t .  
a firm roadbed o r  may c o n s i s t  of t r a i l s  made by t h e  t r ave l ing  vehic les .  
roads may p e r i o d i c a l l y  be  maintained by adding graded crushed s lag  and d i r t  
o r  may be l e f t  t o  t h e  abuse of veh ic l e s  and t h e  weather.  

These roads may be cons t ruc ted  with 
The 

Paved roadways, which predominate in t h e  i ron  and s t e e l  i ndus t ry ,  a r e  
e a s i e r  t o  maintain.  
i s  allowed t o  inc rease ,  t he  l e v e l  of d u s t  emissions may approach t h a t  of  an  
unpaved road. 

Source Extent--  
Data on average veh ic l e  miles t r ave led  on unpaved and paved roads wi th in  

an  in t eg ra t ed  i r o n  and steel plant  have been compiled from four p l a n t  surveys 
of open d u s t  sources  conducted by MRI as par t  of  t h i s  study (see Sect ion 4.0) 
Table 2-6 summarizes t h e  r e s u l t s  of  t h e  surveys.  

However, i f  t h e  su r face  dus t  loading on a paved roadway 

Emiss ions  Charac t e r i s t i c s - -  
Table 2-9 p re sen t s  c h a r a c t e r i s t i c s  of d u s t  emissions generated by vehicu- 

lar  t r a f f i c  on unpaved and paved roads.  
r e s u l t s  o f  source t e s t i n g  conducted a s  part  of t h i s  study. 

2.2.4 Wind Erosion o f  Exposed Areas 

Source De s c r i p t  ion-- 

a r eas  which a r e  devoid of  vege ta t ion  and unprotected by bui ld ing  s t r u c t u r e s .  
Exposed a r e a s  include empty employee parking l o t s ,  r a i l r o a d  bed a reas ,  de- 
molished bu i ld ing  s i tes ,  vacant f in i shed  product s torage  a reas ,  vacant t r a c t o r -  
t r a i l e r  s tag ing  a r e a s ,  l a n d f i l l  a r e a s ,  a r e a s  between p lan t  bu i ld ings  and areas  
l e f t  vacant f o r  f u t u r e  p l a n t  development. These bare  ground a reas  are  suscept i -  
b l e  t o  d u s t  reentrainment  induced by t h e  eroding a c t i o n  of  t he  wind. Wind e ro -  
s ion i s  assoc ia ted  wi th  wind speeds g r e a t e r  than the threshold  erosion ve loc i ty  
of 12 mph.- 

These d a t a  are based l a rge ly  on the  

Typica l ly  wi th in  t h e  boundary of an i r o n  and steel p l an t ,  t h e r e  a r e  land 

1 2  1. 

( c l  

... 

Although l and  area may be l e f t  ba re  of  vege ta t ion  for  a v a r i e t y  of rea-  
sons, t h e  major c o n t r o l l i n g  f ac to r  i s  t h e  l a c k  o f  a proper s o i l  medium f o r  
vege ta t ive  growth. 
which do not induce dense vege ta t ive  growth. What vegeta t ion  may grow i s  oc- 

t o  decrease p o t e n t i a l  f i r e  hazards.  

Source Extent--  

s t e e l  p l an t  have been compiled from the  fou r  p l a n t  surveys of open dus t  sources 

Most i r o n  and s t e e l  p l a n t s  a re  b u i l t  on slag-covered a reas  

cas iona l ly  d r iven  upon by p lan t  veh ic l e s  o r  sprayed wi th  weed-ki l l ing compounds -I 

Data on average acreage of  exposed area wi th in  an in tegra ted  i ron  and i 

2-20 
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which were conducted as  part of  t h i s  study. 
o f  the surveys. 

Emissions Characterist ics-  

from exposed areas are presented in  Table 2-11. 
known about t h i s  fug i t ive  emission source. 

Table 2-10 summarizes the r e s u l t s  

, 

Data re la ted  t o  the emissions character is t ics  of  dust resuspended by wind 
It i s  evident that l i t t l e  i s  

. . .  
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TABLE 2-10. EXPOSED AREA SOURCE EXTENT 
(Average Surveyed Plant)- a /  

? 

~ 

1,007 158 94 41 16 28 65 

- a1 Rased on average of four open duet surveys (see Section 4 .0 ) .  

TABLE 2-11.  EWOSED AREA EMISSIONS CHARACTERISTICS 

Weight Welght 
percentage percentage 

Inject ion  o f  suspended o f  f i n e  Densi$y Probable 
height par t i c l e s  particles (gicm- i constiruenrs 

Ground level NA NA NA Cam-,, 
. .  

sioz., 
FeO,. 

'Fe203 

NA Not Available .  

.. .. . . .. 

. .  

. 
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SECTION 3.0 

FUGITIVE EMISSIONS QUANTIFICATION 

lhis chapter  contains  a d i scuss ion  of  t h e  emission f a c t o r s  c u r r e n t l y  
a v a i l a b l e  t o  estimate f u g i t i v e  emissions i n  the  i r o n  and s teel  indus t ry .  
major measurement and es t imat ion  techniques u t i l i z e d  t o  quan t i fy  f u g i t i v e  
emission are de l inea ted .  
c l e  s ize  d i s t r i b u t i o n s  a r e  presented along with a p rec i se  l i t e r a t u r e  r e f e r -  
ence, where poss ib le .  
discussed.  The .recent t&ts  are used t o  develop o r  modify , p red ic t ive  emis- 
s i o n  f a c t o r  formulas. 

The 

Previous ly  measured or est imated f a c t o r s  and p a r t i -  

The r e s u l t s  o f  f i e l d  t e s t i n g  of  open,.dust sources  are 

F ina l ly ,  the b e s t  a v a i l a b l e  emission , f a c t o r s  are sug- ' .. . 
.gested.  , .  

0 .  

3.1 QUANTIFICATION TECENIQUES 

. 

In l a rge  p a r t ,  proven methods f o r  quant i fy ing  f u g i t i v e  emissions have 
not  been f u l l y  developed. 
the d i f f u s e  and v a r i a b l e  na ture  o f  f u g i t i v e  sources .  Standard source t e s t i n g  
methods, a s  wr i t t en ,  s t r i c t l y  apply only t o  w e l l  def ined ,  constrained flow 
f i e l d s  with v e l o c i t i e s  above about 2 m/sec. 
f u g i t i v e  emissions only if i t  is  poss ib l e  t o  capture  t h e  e n t i r e  plume by means 
of  a n  enclosure o r  hooding device.  

Atypica l  q u a n t i f i c a t i o n  problems are presented by 

Such methods are app l i cab le  t o  

There are two genera l  c l a s s e s  of  techniques u t i l i z e d  t o  quant i fy  fug i -  
t i v e  emissions: measurement and est imat ion.  For f i e l d  measurement of  fug i -  
t i v e  emissions t h r e e  b a s i c  techniques have been sugges t edg '  which a r e  sum- 
marized as follows: 

1. The guas i - s tack  method involves  captur ing  the e n t i r e  emissions stream 
with enclosures  o r  hoods and applying convent ional  source t e s t i n g  techniques 
t o  t h e  confined flow. 

2. The roof monitor method involves  measurement of concent ra t ions  and 
a i r  flows across  w e l l  def ined b u i l d i n g  openings such as roof monitors,  c e i l i n g  
ven t s ,  and windows. 

3. The upwind/domwind method involves  measurement of  upwind and down- 
wind a i r  q u a l i t y ,  u t i l i z i n g  ground-based samplers under known meteorological  

3-1 
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conditions and calculation of source strength with atmospheric dispersion 
equations. 

MRI has developed two additional measurement techniques, exposure profil- 
ing and dilution profiling,g/ which offer distinct advantages over the above 
methods for source-specific quantification of fugitive emissions, as dis- 
cussed below. The exposure profiling method was designed for measurement of 
open dust source emissions, while the dilution profiling method was designed 
for quantification of emissions from elevated temperature sources released 
within a building. 

MRI'S exposure profiling method involves direct measurement of the total 
passage of fugitive emissions ismediately downwind of the source by means of 
simultaneous multipoint sampling over the effective cross-section of the fug- 
itive emission plume. Unlike conventional upwind/downwind testing, exposure 
profiling yields source-specific emission data needed to evaluate the prior- 
ities for emission control and the effectiveness of control measures. More- 
over, based on MRI field tests of several types of open dust sources, the ac- 
curacy of measurements obtained by exposure profiling is better than that 
achievable by the upwind/downwind method, even with site-specific calibration 
of the dispersion model used in the latter method. 

MRI's dilution profiling method involves multipoint monitoring of tem- 
perature over the effective cross-section of a buoyant plume and the use of 
simultaneous measurements of concentration at selected points to convert 
plume temperature profiles to concentration profiles. As in the case of ex- 
posure profiling, dilution profiling fields the type of source-specific data 
that would be obtained from quasi-stack testing without the often impractical 
requirement of enclosing the source. MRI has successfully demnstrated the 
dilution profiling method on a laboratory scale source. 

None of the reported emission factors for fugitive sources in the iron 
and steel industry have been obtained by the quasi-stack technique. 
because of the high cost associated with enclosing the large sources found in 
the industry and the production interference caused by w e n  the temporary 
utilization of such a technique. 

This is 

' -  

,. 
, .  

. .  
., . .  . .  

. . .  . . .  ! 
, 

The"roof monitor' technique'hes'been the m s t  widely used 'to quantify 
process source emissions, although significant problems are encountered be- 
cause of the large size of monitor openings and because plume overlap pre- 
cludes the determination of source-specific contributions. 

! 

Several of the available fugitive emission factors for integrated iron 
and steel plants have resulted from estimation techniques rather than mea- 
surement techniques. Estimating techniques include: (a) use of fixed per- 
cent of uncontrolled stack emissions; (b) application of data from similar 
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processes; (c) engineering calculations; and (d) visual correlation of opac- 
ity and mass emissions. Wide use of estimating techniques has been employed 
because of the difficulty of testing and the lack of recognized standardized 
methods for measuring fugitive emissions. 

The most promising and accurate technique for quantifying open dust 
sources (storage piles, vehicular traffic on unpaved roads, etc.) in the iron 
and steel industry is exposure profiling. 
its increased accuracy over the upwind/downwind method is a result of the fact 
that emission factor calculation does not require the use of an atmospheric 
dispersion model. Exposure profiling is compared with conventional upwindl 
downwind sampling in the subsections below. 

The method is source-specific and 

3.1.1 Open Dust Source Quantification by Upwind/Downwihd Method 

The upwind/downwind method has frequently been used to measure fugitive 
particulate emissions from open (unconfinable) sources, although only a few 
studies have been conducted in the integrated iron and steel industry. Typ- 
ically, particulate concentration samplers (most often high-volume filtration 
samplers) are positioned at a considerable distance from the source (for ex- 
ample, at the property line around an industrial operation) in order to mea- 
sure the highest particulate levels to which the public might be exposed. The 
calculation of the emission rate by dispersion modeling is often treated as 
having secondary importance, especially because of the difficult problem of 
identifying the contributions of elements of the mix of open (and possibly 
confinable) sources. 

While the above strategy is useful in characterizing the air quality im- 
pact of an open source mix, it has significant limitations with regard to con- 
trol strategy development. The major limitations are as follows: 

Overlapping of source plumes precludes the determination of source- 1. 
specific contributions on the basis of particulate concentration alone. 

2. Air samplers with poorly defined intake flow structure (including 
the conventional high-volume sampler) exhibit diffuse cutoff size character- 
istics for particle capture, which tend to be affected by wind conditions.- 151 

3. Uncalibrated atmospheric dispersion models introduce the possibiliey 
of substantial error (a factor of threelbl) in the calculated emission rate, 
even if the stringent requirement of unobstructed dispersion from a simpli- 
fied source configuration is m e t .  

‘n. * The first two limitations are not a direct consequence of the upwind/ 
downwind method but of the way it is used. These limitations could be re- 
moved by using samplers designed to capture all or a known size fraction of 

.. :. 
. .  . . .. 
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the atmospheric particulate, and by designing sampler placement to isolate 
the air quality impact of a well defined source operation. 

8 .  However, there would remain the need to improve method accuracy by call- 
bration of the dispersion model for the specific conditions of wind. surface 
roughness, and so on, which influence the near-surface dispersion process. 
This need is evident from the significant size of the variation in model- 
calculated emission rates for aggregate process operations,.based-on..da_ta. . 

from individual samplers operated simultaneously at different downwind loca- 
ti0ns.Z' 
the characteristically diffuse and variable nature of an open dust source and 
the need for a polydisperse tracer test dust approximating the particle size 
distribution of the source emissions. 

I* 

The suggested use of tracers for this purpose is complicated by 

3.1.2 Open Dust Source Quantification by Exposure Profiling Method 

14 I As stated above, the exposure profiling method was developed by MRI- 
to measure particulate emissions from specific open sources, utilizing the 
isokinetic profiling concept which is the basis for conventional source test- 
ing. For measurement on nonbuoyant fugitive emissions. sampling heads are 
distributed over a vertical network positioned just downwind (usually about 
5 m) from the source. Sampling intakes are pointed into the wind and sam- 
pling velocity is adjusted to match the local mean wind speed, as monitored 
by distributed anemometers. A vertical line grid of samplers is sufficient 
for measurement of emissions from line or moving point sources while a two- 
dimensional array of samplers is required for quantification of area source 
emissions. 

Grid Size and Sampling Duration-- 

plume so that vertical and lateral plume boundaries may be located by spatial 

which exposure profiling is practical is determined by the feasibility of 
erecting..sampling towers of sufficientheight and number to characterize the 
plume. 

Sampling heads are distributed over a sufficiently large portion'of the 

, 

, , .: 

. '  extrapolation of exposure measurements. The size limit of area sources for 

. . .  .. 

This problem is minimized by sampling when the wind direction is paral- 
.. . lel to the direction of the minimum dimension of the area source. 

. .  The size of the sampling grid needed .for exposure .profiling of a partic-' 

Grid size adjustments may be required 
ular source may be estimated by observation of the visible size of the plume 
or by calculation of plume dispersion. 
based on the results of preliminary testing. 

Particulate sampling heads should be symmetrically distributed Over the 
concentrated portion of the plume containing about 90% of the total mass flux 
(exposure). For example, if the exposure from a point source is normally Y 
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d i s t r i b u t e d ,  as  shown i n  Figure 3-1, the  exposure va lues  measured by t h e  sam- 
p l e r s  a t  t he  edge of the  g r id  should be about 25% of the c e n t e r l i n e  exposure. 

Sampling time should be long enough t o  provide s u f f i c i e n t  p a r t i c u l a t e  
mass and t o  average over severa l  u n i t s  of c y c l i c  f l u c t u a t i o n  i n  the  emission 
r a t e  ( fo r  example, v e h i c l e  passes on an unpaved road) .  
i s  e a s i l y  met because of the proximity of the sampling g r i d  t o  the  source.  

The f i r s t  condi t ion 

Assuming t h a t  sample c o l l e c t i o n  media do not overload, t he  upper l i m i t  
on sampling time i s  d i c t a t e d  by the  need t o  sample under condi t ions of r e l a -  
t i v e l y  constant  wind d i r e c t i o n  and speed. 
weather f r o n t s  through the  a rea ,  acceptable  wind condi t ions might be a n t i c i -  ..A_. 

pated t o  p e r s i s t  f o r  a per,iod of 1 t o  6 h r .  

Calculat ion Procedure-- 
The passage of a i rborne  p a r t i c u l a t e ,  i . e . ,  t he  q u a n t i t y  of emissions per  

u n i t  of source a c t i v i t y ,  can be obtained by s p a t i a l  i n t e g r a t i o n  (over t h e  e f -  
f e c t i v e  c ross -sec t ion  of t he  plume) of  d i s t r i b u t e d  measurements of exposure 
(mass/area). The exposure i s  t h e  poin t  va lue  of t he  f l u x  (masdarea- t ime)  of 
a i rborne  par t icu1,ate  i n t e g r a t e d  Over the  time of measurement. Mathematically 
s t a t e d ,  t he  t o t a l  mass emission r a t e  (R) i s  given by: 

. .  
.... I n  the absence of passage of 

, .  

A 

where m = dust catch by exposure sampler a f t a s  s u b t r a c t i o n  of background 

a = in take  a r e a  of sampler 

t = sampling time 

h = v e r t i c a l  d i s tance  coordinate  

w = l a t e r a l  d i s tance  coordinate  

A = e f f e c t i v e  c r o s s - s e c t i o n a l  a rea  of plume 

I n  the case of a l i n e  source with an emission he ight  near  ground l e v e l ,  
t he  mass emission r a t e  p e r  source length u n i t  being sampled i s  given by: 

! 
... 

. . . .. . . .  ! . .  
I 
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where W = width of t he  sampling in take  

H = e f f e c t i v e  extent  of t h e  plume above ground 

I n  o rde r  t o  obta in  an accura te  measurement of a i rborne  p a r t i c u l a t e  expo- 
su re ,  sampling mst be conducted i s o k i n e t i c a l l y ,  i . e . .  flow s t reaml ines  e n t e r  
the sampler r e c t i l i n e a r l y .  This means t h a t  the sampling i n t a k e  must be aimed 
d i r e c t l y  i n t o  the wind and, t o  the  e x t e n t  poss ib le ,  t he  sampling v e l o c i t y  mst 
equal the l o c a l  wind speed. The f i r s t  condi t ion is by f a r  t he  more c r i t i c a l  ..- , .. . 

i : 

' ', . . . ,. 
I f  i t  is necessary t o  sample a t  a non i sok ine t i c  flow ra t e .  ( f o r  example., ,' 

t o  ob ta in  s u f f i c i e n t  sample'under l i g h t  wind condi t io .ns) ,  m u l t i p l i c a t i v e  fac- .  . , . . , 

t o r s  may be used t o  c o r r e c t  measured exposures t o  corresponding i s o k i n e t i c  t 

values .  '14,281 These c o r r e c t i o n s  r e q u i r e  information on the  p a r t i c l e  s i z e  dis.-  , .  
t r i b u t i o n  of the emissions. 

High-volume cascade impactors with g l a s s  f i b e r  impaction s u b s t r a t e s ,  
which a r e  commonly used t o  measure p a r t i c l e  s i z e  d i s t r i b u t i o n  of atmospheric 
p a r t i c u l a t e ,  may be adapted f o r  s i z i n g  of f u g i t i v e  p a r t i c u l a t e .  A cyclone 
p resepa ra to r  ( o r  o t h e r  device) i s  needed t o  remove coarse p a r t i c l e s  which oth-  
erwise would be subjec t  t o  p a r t i c l e  bounce within the  impactor causing f i n e  
p a r t i c l e  b i a s . l 8 /  Once again,  t h e  sampling in take  should be  pointed i n t o  the  
wind and the sampling v e l o c i t y  matched t o  the  mean l o c a l  wind speed. 

Based on r e p l i c a t e  exposure p r o f i l i n g  of open dust  sources  under varying 
condi t ions of source a c t i v i t y  and p r o p e r t i e s  of t he  emit t ing sur face ,  emis- 
s i o n  f a c t o r  formulae have been derived t h a t  successfu l ly  p r e d i c t  t e s t  r e s u l t s  
with a m a x h  e r r o r  of lhese formulae account f o r  the f r a c t i o n  of 
s i l t  ( f ines)  i n  the emit t ing s u r f a c e ,  t he  surface moisture c o n t e n t ,  and the 
r a t e  of mechanical energy expended in t he  process which genera tes  the emis- 
s ions .  Based on t he  above r e s u l t s ,  the  accuracy o f  exposure p r o f i l i n g  is 
considerably b e t t e r  than the 2 50% range given for  the upwind/downwind method 
w i t h  s i t e - s p e c i f i c  d i spe r s ion  model c a l i b r a t i o n . g /  

3.2 EMISSION FACTORS FOR PROCESS SOURCES 

Table 3-1 presents  t h e  a v a i l a b l e  f u g i t i v e  emission f a c t o r s  f o r  process 
sources.  While the  number of a v a i l a b l e  emission f a c t o r s  is l a rge ,  the number 
of we l l -quan t i f i ed  and well-documented f a c t o r s  is l imi ted .  I f  the estimated 
f a c t o r s  a r e  de le ted ,  the r e s u l t i n g  number of measured f a c t o r s  is l e s s  than 20 
with severa l  sources not  y e t  measured. Table 3-2 shows the  method of a t t a i n -  
ment f o r  each emission f a c t o r  given in Table 3-1. 

For the most p a r t  measured f u g i t i v e  emission f a c t o r s  have not been r e -  
ported in a r igorous,  s c i e n t i f i c  manner. 
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'. ,;:: .: . I n  any emissions q u a n t i f i c a t i o n  e f f o r t ,  one should determine beforehand. a l l  
t he  v a r i a b l e s  upon which t h e  emission f a c t o r  i s  dependent'and then attempt.  t o  
quan t i fy  (or a t  l e a s t  q u a l i f y )  them during t h e  f i e l d  t e s t i n g .  'Unfortunately,  
many f u g i t i v e  emission q u a n t i f i c a t i o n  programs. performed i n  a hurr ied e f f o r t  
t o  acqui re  a v a l u e ,  have neglected t o  record properly a l l  t e s t  condi t ions,  

! ,",,.. : ' .  . . 1 d . . .  ;. . .., 
, : 

. e .  

4 

, . .  

. .  

thus rendering the  numerical r e s u l t  of l imi ted  use. 

I n  a d d i t i o n  t o  recording a l l  p e r t i n e n t  t e s t  condi t ions,  it i s  a l s o  impor- 1 

t a n t  t o  record tha test methodology i n  d e t a i l .  ' h e  type of equipment used, 
the flow r a t e  of t h e  mass sampling device,  and the  number and loca t ion  of t h e  
sampling p o i n t s  a r e  but  a f e w  examples of t h e  da ta  that should be recorded. 
Yet anyone scanning the  l i t e r a t u r e  i s  keenly aware of the d i s t r e s s i n g  lack of 
r i g o r  i n  repor t ing  t e s t  methodology. 

Table 3-3 p r e s e n t s  a l l  the known p a r t i c l e  s i z e  d i s t r i b u t i o n s  f o r  process 
It should be noted t h a t  t e s t s  on s i m i l a r  processes have yielded d i -  sources.  

vergent  r e s u l t s ,  e s p e c i a l l y  i n  t h e  case  of BOF furnaces.  
ing  methods recorded, t h i s  divergance may have been explainable .  

Were prec ise  t e s t -  

Table 3-4 shows MRI se l ec t ions  of t h e  b e s t  emission f a c t o r s  and p a r t i c l e  
s i z e  d i s t r i b u t i o n s  a v a i l a b l e  f o r  each source.  It should be  cautioned t h a t  
many of the "best"  values  requi re  fu r the r  improvement. 

3.3 PIISSION FACTORS FOR OPEN DUST SOURCES 

This s e c t i o n  p r e s e n t s  t h e  r a t i o n a l e  used i n  determining emission f ac to r s  
P red ic t ive  f o r  open d u s t  sources ,  a s  required f o r  the s u b j e c t  i n v e s t i g a t i o n .  

emission f a c t o r  equat ions f o r  open dust  sources  developed f o r  MRI p r i o r  t o  
t h i s  p r o j e c t  w i l l  be  presented,  along with the  modified equations which incor-  
pora te  the  r e s u l t s  of t h e  open dust  source surveys and open dust  source t e s t -  
ing performed during t h i s  study. F ina l ly ,  t h e  determination of t he  b e s t  emis- 
s ion  f a c t o r s  or p r e d i c t i v e  equations f o r  open dus t  sources associated with 
i n t e g r a t e d  i r o n  and s t e e l  p lan ts  w i l l  be presentad.  

*... 3.3.1 Previously Avai lable  Emission Fac tors  

I n  1972, MRI i n i t i a t e d  a field t e s t i n g  program t o  develop emission fac-  
t o r s  f o r  four  major c a t e g o r i e s  of f u g i t i v e  dus t  sources:  unpaved roads, ag- 
r i c u l t u r a l  t i l l i n g ,  aggregate s torage  p i l e s ,  and heavy cons t ruc t ion  opera- 
t i ons .  P r i o r  t o  that s tudy,  l i t t l e  da ta  had been generated f o r  these sources.  

i 

Because t h e  emission f a c t o r s  were t o  be  appl icable  on a n a t i o n a l  b a s i s ,  
an a n a l y s i s  of t he  phys ica l  p r i n c i p l e s  of f u g i t i v e  dust  generat ion was per- 
formed t o  a s c e r t a i n  t h e  parameters which would cause emissions t o  vary from 
one l o c a t i o n  t o  another .  
ca tegor ies :  

TZlese parameters were found t o  be grouped i n t o  th ree  ., 
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1. Measures of source a c t i v i t y  or energy expended ( f o r  example, the 
speed and weight of a veh ic l e  t r a v e l i n g  on an unpaved road). 

2. Prope r t i e s  of the m a t e r i a l  being d is turbed  ( f o r  example, t he  conten t  
of s i l t  i n  the sur face  ma te r i a l  on a n  unpaved road) .  

.i 

. 

3. C l i m a t i c  parameters ( f o r  example, number of p r e c i p i t a t i o n - f r e e  days 
pe r  year  on which emissions tend t o  be a t  a maximum). 

By cons t ruc t ing  the emission f a c t o r s  as mathematical formulas with m u l t i p l i -  
c a t i v e  co r rec t ion  terms, the f a c t o r s  become app l i cab le  t o  a range of  source 
condi t ions  l imi ted  only by the  e x t e n t  of the program of experimental  v e r i f i - , , . .  .. . . .  

. , . .  .. ., . . .  

ca t ion .  I .  

The use of the s i l t  content  a s  a measure of the d u s t  genera t ion  po ten t i a l . ,  
of a ma te r i a l  ac t ed  on by the fo rces  of wind and/or  machinery, was an impor- 
t a n t  s t e p  i n  extending the  a p p i c a b i l i t y  of,  t he  emission.factor.formu1as t o  
the  wide v a r i e t y  of aggregate  ma te r i a l s  of i n d u s t r i a l  importance. The uppe.r 
s i z e  l i m i t  of si1.t p a r t i c l e s  (75 !.In i n  diameter) is t he  smalle.st p a r t i c l e  s i z e  
f o r  which s i z e  a n a l y s i s . b y  d r y  s i e v i n g  i s  p r a c t i c a l ,  and t h i s  p a r t i c l e  s i z e  is 
a l s o  a reasonable  u p p e r  l i m i t  f o r  p a r t i c u l a t e s  which can become a i rborne .  
Analysis o f  atmospheric sample's o f  f u g i t i v e  dus t  i n d i c a t e  . a  consis tency i n  
s i z e  d i s t r i b u t i o n  so t h a t  p a r t i c l e s  i n  s p e c i f i c  s i z e  ranges e x h i b i t  f a i r l y  
constant  mass r a t i o s .  

' 

. .  

I n  order  t o  quan t i fy  source-spec i f ic  emission f a c t o r s ,  MR1,developed the 
"exposure p ro f i l i ng"  technique, u t i l i z i n g  the i s o k i n e t i c  p r o f i l i n g  concept 
which i s  the b a s i s  f o r  convent ional  source t e s t ing .  Exposure p r o f i l i n g  con- 
sists of the d i r e c t  measurement of  the passage of a i rbo rne  p o l l u t a n t  immedi- 
a t e l y  downwind of the source by means of simultaneous mul t ipo in t  sampling over 
the e f f e c t i v e  c ros s - sec t ion  of  t he  f u g i t i v e  emissions plume. T h i s  technique 
uses  a mass-balance c a l c u l a t i o n  scheme s i m i l a r  t o  EPA Method 5 s t ack  t e s t i n g  
r a t h e r  than r equ i r ing  i n d i r e c t  c a l c u l a t i o n  through the a p p l i c a t i o n  of '  a gen- 
e r a l i z e d  atmospheric d i spe r s ion  model. 

. I  

P r i o r  t o  this  s tudy,  MRI had used the  exposure p r o f i l i n g  method t o  de- 
velop emissions f o r  the fol lowing open d u s t  sources:  

/ 1. 

2. 

Light-duty vehicu lar  t r a f f i c  on unpaved ( d i r t  and grave l )  roads.& 

Agr i cu l tu ra l  t i l l i n g  u t i l i z i n g  a one-way d i sk  p l o w  and a sweep-type 
plow under.- 141 

14/ . 3. Load-out of crushed l imestone u t i l i z i n g  a 2.75 cu yard loader.- 

4. 

. . . , 

Vehicular t r a f f i c  on paved urban roadways..- 10/ .. . .. . 
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% . .  These sources were tested under dry conditions (i-e., day time periods 
at least 3 days subsequent to a precipitation occurrence) so that worst case 
emissions could be determined and used as a basis for projecting annual emis- 

piles was performed utilizing conventional upwindldownwind sampling to relate 
emissions from aggregate materials handling to approximate emissions from 
wind erosion and from traffic around storage piles. 

. .  . . . >  . .  

sions. Additional testing of dust emissions from sand and gravel storage % 

i 
Y 

Table 3-5 lists the measurements of source extent, the basic emission 
factor formulae and the correction parameters associated with each pertinent 
source category. 
sented in EPA's Emission Factor Handbook (AP-42) .- 

Supporting information for several of these factors is pre- 
291 

Other than MRI's previous work, few emission factor data for open dust 
sources exist. Estimated emission factors have been developed for the han- 
dling and transfer of storage materials. 
0.033 lblton coke for coke being dumped into a blast furnace was calculated 
from a measured blast furnace cyclone catch.&/ 
cable to a coke conveyor transfer station. 

discoveredanemission factor range from the literature of 0.04 to 0.96 lbl 
ton coal for general coal handling. 
ton for general coal handling. 

An uncontrolled emission factor of 

This factor might be appli- 
AISIZ' estimated an emission 

factor of 0.13 lblton of coke for a conveyor transfer station. Al.so AISI- 201 

Speightal estimated'a value of 1.0 lbl 

. .  The factors presented in Table 3-5 describe emissions of particles 
smaller than 30 pm in diameter, the approximate effective cutoff diameter for 
capture of fugitive dust by a standard high volume particulate sampler (based 
on particle density of 2 to 2.5 g/cm3).E/ Analysis of parameters affecting 
the atmospheric transport of fugitive dust indicates that approximately 25 to 
50% of these emissions (i.e., the portion smaller than 5 pm in size) will be 
transported over distances greater than a few kilometers from the source. 

3.3.2 Source Testing Results 

....:. Field testing of open.dust sources was performed (It two integrated iron . .  
and steel plants (designated as Plants A and E) as outlined .below: 

. .  . .  
. . . . , , . . . .  
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Plant  A 

Fugi t ive  dust  source 
Number of 

t e s t s  

Load out of high s i l t  processed s l ag  i n t o  t r u c k  3 

Load o u t  of low s i l t  product s l a g  i n t o  t ruck  3 

Mobile s tacking  of p e l l e t i z e d  i ron  ore  3 

Mobile s tacking  of lump i r o n  o re  3 

Light-duty v e h i c u l a r  t r a f f i c  on unpaved road 1 

Heavy-duty veh icu la r  t r a f f i c  on unpaved road 2 

Plant  E 

Fug i t ive  dus t  source 
Number of 

t e s t s  

. . _ . .  ' .  
3 

. .. 
Heavy-duty v e h i c u l a r  t r a f f i c  'on &paved road 

Light-duty v e h i c u l a r  t r a f f i c  on unpaved road 3 

Plant  v e h i c l e  mix on paved road 3 

Conveyor t r a n s f e r  s t a t i o n  ( s i n t e r )  3 

C r i t e r i a  used i n  choosing t h e  above sources f o r  t e s t i n g  included ( a )  the r e l -  
a t i v e  importance of t he  var ious open dust  sources  determined from the  p lan t  
surveys (Sect ion 4 ) ,  (b)  a v a i l a b i l i t y  of accu ra t e  t e s t i n g  techniques f o r  spe- 
c i f i c  f u g i t i v e  dus t  sources conf igura t ions ,  and (c )  a c c e s s i b i l i t y  of sources 
f o r  t e s t i n g  wi th in  the  i r o n  and s t e e l  p l a n t s .  

. 

One of t he  two p l a n t s  (Plant  A)  was located i n  the western United S t a t e s ,  
where c l ima to log ica l  f a c t o r s  favor f u g i t i v e  d u s t  generat ion and the o ther  was 
s i t u a t e d  i n  t he  e a s t e r n  steel-producing s e c t i o n  of the country. Presurveys 
were performed t o  determine s p e c i a l  t e s t i n g  equipment requirements and t o  f a -  
m i l i a r i z e  p l a n t  personnel with the t e s t i n g  plan.  A period of 2 weeks a t  each 
p l a n t  was a l l o c a t e d  f o r  t he  t e s t i n g  program. 
those days having ( a )  d r y  weather, (b) cons t an t  wind speed and d i r e c t i o n ,  and 
( c )  sources a v a i l a b l e  f o r  t e s t i n g .  

Test ing w a s  performed only on 

4 

. 

. 
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'Ihe primary t o o l  f o r  measuring f u g i t i v e  dus t  generated from open dus t  
An adjus tab le  h o r i z o n t a l  cross-arm sources was the MRI Exposure P r o f i l e r .  

w i t h  a t tached  i s o k i n e t i c  a i r  samplers complemented the  v e r t i c a l  sampler mast 
shown i n  Figure 3-2.  This v e r t i c a l l y  o r i en ted  two-dimensional a r r ay  o f  iso- 
k i n e t i c  a i r  samplers was u t i l i z e d  when t e s t i n g  (a) load out of  processed 
s l a g  i n t o  a 35-ton t ruck  v i a  a 10 cu yard front-end loader  (six t e s t s ) .  (b) 
mobile s tacking  ( p i l e  formation/load in) of p e l l e t i z e d  and lump i r o n  o r e  ma- 
t e r i a l s  ( s i x  tes ts) ,  and ( c )  the t r a n s f e r  of sinter a t  a conveyor t r a n s f e r  
s i t e .  A t  a l l  times the MRI Exposure P r o f i l e r  was pos i t ioned  wi th in  5 m Of 

t he  source with a i r  samplers covering the e f f e c t i v e  c ros s - sec t ion  of t h e  fug- 
i t i v e  dus t  plume. 

.. ... .. .. 

.. . . , I . . ,  . .  . .  . , .  

Test ing of  dus t  emissions from veh icu la r  t raff ic  on unpaved roadways w a s  ' 

, ... 

The ve r t i ca , l .  l i n e  grid..?€ .;',. 

performed with t h e  MRI Exposure P r o f i l e r  without t h e  hor.izonta1 c ros s -am.  
Twelve tests were performed i n  this  manner with t h e  Exposure P r o f i l e r  s i t u -  
a t e d  a t  a d i s t ance  o f  5 m from the roadway edge. 
i s o k i n e t i c  a i r  samplers spanned t h e  d i s t ance  from t h e  ground t o  the  e f f e c t i v e  
he ight  of t he  f u g i t i v e  d u s t  plume. 

Other equipment u t i l i z e d  i n  t h e  t e s t i n g  included (a) cascade impactors 
with cyclone presepara tors  f o r  p a r t i c l e  s iz ing ,  (b) high-volume a i r  samplers 
f o r  determining upwind p a r t i c u l a t e  concent ra t ions ,  (c) d u s t f a l l  buckets f o r  
determining p a r t i c u l a t e  depos i t ion ,  and (d) recording wind instruments  u t i l -  
ized t o  determine mean wind speed and d i r e c t i o n  f o r  ad jus t ing  the MRI Expo- 
su re  P r o f i l e r  t o  i s o k i n e t i c  sampling condi t ions .  A d e t a i l e d  p re sen ta t ion  of 
t he  t e s t i n g  methodology is provided in Appendix A. 

The r e su l t s  of  the f i e l d  t e s t i n g  a r e  provided i n  Tables 3-6 through 3-8. 
Table 3-6 presents  the var ious  emission tes t s  parameters recorded during the 
a c t u a l  f i e l d  t e s t i n g .  Tables  3-7 and 3-8 present  t he  emission f a c t o r s  f o r  
suspended p a r t i c u l a t e s  ( p a r t i c l e s  smaller  than 30 u m  i n  Stokes diameter) and 
for  f ine  p a r t i c u l a t e s  ( p a r t i c l e s  smaller  than 5 Dim i n  Stokes d iameter ) ,  along 
wi th  sur face  mater ia l  and wind speed c h a r a c t e r i s t i c s .  

A fu r the r  explanat ion of  t he  source t e s t i n g  resul ts  is presented i n  Ap-  
pendix B .  I n  order  t o  f ind  emission f a c t o r s  corresponding t o  p a r t i c I e  s i z e  
c u t o f f s  o t h e r  than 30 pm and 5 urn, t he  following s t e p s  m u s t  be  taken  u t i l i z -  

---ing-data given in  Appendix B.: 

1. For a given t e s t ,  cons t ruc t  a s t r a i g h t - l i n e  p a r t i c l e  s i z e  d i s t r i b u -  
t i o n  on log-probabi l i ty  graph paper using t h e  values  f o r  weight percents  
smaller  than 30 and 5 urn. 

. :. 
2 .  Determine the value f o r  weight percent  smaller  than the  d e s k e d  d i -  .,,'... . . .  ...,.. . 

.. . . .:. .. ... amete; (Dp). 

i 
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Figure 3-2 .  MRI exposure p r o f i l e r .  

3-20 

. .  . 



. 

, .-..:. 
..... , . .  

. . . .  

....... . . . .  

. .  

i. -- I 

3-2 1 

....... . .  



I 

z 
E 
0 . .; 

0 n -  

0 0  
17 

tu 
0 

.. . 
r. 

. m  
' W  

U c 
r;: 

I 

J 

3-22 



. .  .. . .  . .  
. .  

1 

F - 0 3  

N d m  
. . .  32.5 

m m m  u u o  . . 
"A 
0 

-3 

0 
h 

'0. z 
0 . 

01 

9 
m 

In 
N 

0 

n 
J 
h 

. 
V - 

Q 

* 3 
Q . 
N 

0 1 3  . .  
4 0 1  
d H  

Ir 

0 - fm . 
F- - .. I .  

m 
F- 

0 

. .  . .  . .. . . 
"A - . "k - 0: 

J 
h 

1 
J 

Y 
U - 

0 0  
0 -  
I n N  

m 
01 
N 

n n  
CIF- 
n m  

N" 
InInIn 

In 
. 3  \o 
- 0  
0 0  g g  
0 0  

9 
9 
0 
0 

0 

I n N  

0 0 0  

0 0 0  

w ~ r n  

9 9 9  

- - In  
4 - d  
0 0 0  

0 0 0  
9 9 9  

I rF -  
0 4  
0 0  

0 0  
4 9  

In 

0 - 0  

0 0 0  

\on- 

9 9 3  

- n  
N r l  
0 0  
0 0  

0 0  
9 3  

F- 
N .  
0 
0 

0 
9 

J f m  
rln 
0 0  

0 0  
94 

J m N a  - o m  
- 0 3  0 0 0  

0 0 0  
9 9 %  9 9 9  

=- In  
d N d  

0 0 0  
3 9 9  

0 0 0  

m m  
0 0  
0 0  

0 0  

m N  

4 9  

In 
0 
0 

0 
9 

N u 7  
0 0  

0 0  
4 9  

3 a + 
U 
al 
U m 
6 
w 
0 

d d d  
01 

0 
0 

0 

m 

4 
\ o m m  
I n N I n  

0 0 0  
9 9 9  

04- 
m - 3  

0 0 0  
9 9 9  

40 
0 -  

0 0  

0 
W d  
4 4  

49 
4 

>, 
4 
U 
C 

W 

a a 

4 
3 
4 

N m  
d d  a 4  

O d N  

W W e r  
3 - 3  V 

c m 

z 
w 
0 

x 
U 
4 
m 

V 
E 

CI 
al 
Y 
0 

h 
al 
Y 
0 

U 
al 
W 
m 

E 
U 

Y 
0 

2 
2 . o  
V 

U 

2 -  
I M  v m  
a -  
0 m. 

V 

0 
5 
E 

V 
a, 
U 
m 
E 
4 
u 
m 
W 

h 
M 
m 
d 
m 
n 
0 
rl 
-3 
w 

al 
M m 
Y 
al > 
4 

- ., .. . 
. .  . .. 

U 
Y 
al 

al 
V 

m 

v 

. .  
. . .  .. , 

. ?  , . , .. . .  

d 
0 

M N  

Vl- 
2 2  . .  . 

mI 
i 
el 
. 
01 
. 
VI 

3-23 



... 
i , .'. I 

3. 
. . .  the  following expreseion: 

Calcu la te  the emission f ac to r  f o r  p a r t i c l e s  smaller than Dp'using 

I 

3.3.3 Refinement of P r e d i c t i v e  Eauations 

This s e c t i o n  presents  ref ined emission f a c t o r  equations f o r  open dust  
sources ,  which have improved p r e d i c t i v e  c a p a b i l i t y  i n  comparison t o  the equa- 
t i ons  presented i n  Table 3-5. The prec is ion  of t he  equations i s  i l l u s t r a t e d  
i n  t ab le s  of t e s t i n g  r e s u l t s  and corresponding predicted emissions. 
3-3 g ives  the  q u a l i t y  assurance (QA) r a t i n g  scheme used t o  eva lua te  the pre-  
d i c t i v e  r e l i a b i l i t y  of t h e  re f ined  emission f a c t o r  equations.  Sect ion 3.3.4 
descr ibes  methods f o r  determination of c o r r e c t i o n  parameters which appear i n  
t h e  equat ions.  

Vehicular T r a f f i c - -  
Figure 3-4 shows t h e  p r e d i c t i v e  emisaion f a c t o r  formula f o r  veh icu la r  

t r a f f i c  on unpaved roads. 
9 0 1  

a r e  i d e n t i c a l  t o  t h e  expression given i n  AP-42-I' as foiiows: 

Figure 

The c o e f f i c i e n t  and the  f i r s t  two correc t ion  terms 

@ 0.6 (0.81 s) 

Y 

c 

' .  . . .  
1 t .  

which descr ibes  t h e  emissions of p a r t i c l e s  smaller than 30 wn i n  Stokes d i m  
e t e r  generated'  by l i g h t  duty vehic les  t r a v e l i n g  on unpaved roads. Zhe weight 
c o r r e c t i o n  term was developed and the  previous t e r n  v e r i f i e d  on the b a s i s  of 
t h e  t e s t i n g  which was conducted as pa r t  of this study. 

I 

Table 3-9 compares measured emissions with predicted emissions a s  calcu-  . . .  . 
~ l a ted  from the  equation given i n  Figure 3-4. 

t h e  r e s u l z s  agree wi th in  about 2 2'3%. 
With the exception of Run E3, 

. .  

Table 3-10 i n d i c a t e s  t h a t  f o r  Runs A7, E4, E5, and E6. measured emissions 
from l i g h t  duty v e h i c l e s  were s i g n i f i c a n t l y  h ighe r  than estimated by the  f o r -  
mule. The reason f o r  t h i s  appears t o  be t h a t  heavy duty vehic les  had t rave led  
the  t e s t  roads p r i o r  t o  sampling, c r e a t i n g  a loading of s u r f a c e . s i l t  i n  excess 

handling t h i s  problem is  t o  use the average v e h i c l e  weight f o r  roads t rave led  
by a mix of v e h i c l e  types.  
were back' ca lcu la ted  from t h e  a c t u a l  emissions. 

. . .  

of the  amount found on roads t raveled only by l i g h t  duty vehic les .  One way of Y 

Zhe e f f e c t i v e  v e h i c l e  weights, given i n  Table 3-10 

1 
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OPEN DUST SOURCE: Vehicular Traffic on Unpaved Roads 
QA RATING: B for Dry Conditions 

C for Annual Average Conditio% 

EF = 5.9 (*) ( s ) ( ~ )  s w O.* (&) Ib/veh-mi 

Determined by profiling 
of emissions from light- 
duty vehicles on gravel 
and dirt roads under 
dry conditions. year. 

Estimated factor to 
account for mitigating 
effects of precipitation 
over period of one 

Determined by pr&!irg of et6::ions fmm 
medium- and heavy-duty vehicles on gravel 
and dirt roads under dry conditions. 

where: EF = suspended particulate emissions (Ib/veh-mi) 
s = silt content of road surface material (%) 
S =averoge vehicle speed (mph) 
W = average vehicle weight (tons) 
d = dry days per year 

Figure 3-4. Pred ic t i ve  emission fac to r  equation f o r  vehicu lar  
t r a f f i c  on.unpaved roads. 
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The f i n a l  term i n  the emission f ac to r  formula given i n  Figure 3-4 i s  used 
t o  reduce emissions from dry condi t ions  t o  annual average condi t ions.  
simple assumption is made t h a t  emissions are n e g l i g i b l e  on days with measur- 
a b l e  p r e c i p i t a t i o n  and a r e  a t  a maximum on t h e  rest of t he  days. 
n e i t h e r  assumption is defendable alone but  t he re  is a reasonable balancing e f -  
f e c t .  On the  one hand, 0.01 in .  of r a in  would have a n e g l i g i b l e  e f f e c t  i n  r e -  
ducing emissions on an otherwise dry ,  sunny day. On the  o t h e r  hand, even on 
dry days, emissions during e a r l y  morning hours are reduced because of over- 
night  condensation and upward migrat ion of subsurface moisture;  and on cloudy, 
humid days, road sur face  m a t e r i a l  tends t o  r e t a i n  moisture.  Further  n a t u r a l  
m i t i g a t i o n  occurs because of snowcwer and frozen s u r f a c e  condi t ions.  
case,  f u r t h e r  experimentation is needed t o  v e r i f y  and/or r e f i n e  t h i s  f a c t o r .  

The 

Obviously 

I n  any 

Figure 3-5 shows the  p r e d i c t i v e  emission f a c t o r  formula f o r  v e h i c u l a r  
t r a f f i c  on paved roads. 
r e c t i o n  terms were determined by f i e l d  t e s t i n g  of emissions from t r a f f i c  (con- 
s i s t i n g  pr imari ly  of l i g h t  duty v e h i c l e s )  on a r t e r i a l  roadways and on a t e s t  
s t r i p  t h a t  w a s  a r t i f i c a l l y  loaded with sur face  dust  i n  excess of normal l eve l s .  
The vehic le  weight cor rec t ion  term was added by analogy t o  the  e x p e r b e n t a l l y  
determined f a c t o r  for unpaved roadways, and more t e s t i n g  is needed t o  confirm 
t h e  v a l i d i t y  of t h i s  c o r r e c t i o n  term. 

A s  i n d i c a t e d ,  the c o e f f i c i e n t  and the  f i r s t  two cor -  

Table 3-11 compares measured emissions with predicted emissions a s  c a l -  
culated from the  equat ion given in Figure 3-5. 
from medium duty and heavy duty vehic les  t r a v e l i n g  on s paved roadway a t  
P l a n t  E were s u b s t a n t i a l l y  in excess of the predicted l e v e l s ,  t h i s  is thought 
t o  be due t o  resuspension of d u s t  from vehic le  underbodies. 
was v i s u a l l y  evident  as the  heavy duty vehic les  t rave led  from an unpaved area  
onto the paved roadway. 

Although measured emissions 

This phenomenon 

It should be  noted t h a t  t h e  emission f a c t o r  f o r  reentrained dust  from 
paved roadways conta ins  no c o r r e c t i o n  term f o r  p r e c i p i t a t i o n .  Although emis- 
s ions  from wet pavement a r e  reduced, increased carryover  of  s u r f a c e  m a t e r i a l  
by vehic les  occurs during wet per iods ,  and emissions reach a maximum when the 
pavement d r i e s .  
of p r e c i p i t a t i o n  on reent ra ined  dus t  emissions. 

Storage P i l e  A c t i v i t i e s - -  
Figure 3-6 gives  the  p r e d i c t i v e  emission f a c t o r  formula f o r  s torage  p i l e  

formation ( load-in)  by means of a t r a n s l a t i n g  conveyor s tacker .  The equat ion 
is based on the r e s u l t s  of f i e l d  t e s t i n g  of emissions from the  s tacking  of 
p e l l e t i z e d  and lump i ron  ore a t  P l a n t  A. The e f f e c t  of wind speed on emis- 
sions occurs presumably because of t h e  increased atmospheric exposure of sus-  
pendable p a r t i c l e s  during the  drop from the  s tacker  t o  t h e  p i l e .  
compares measured emissions with predicted emissions a s  ca lcu la ted  from the  
pred ic t ive  equation. 

More t e s t i n g  would be h e l p f u l  i n  analyzing the  ne t  e f f e c t s  

. 

. 
Table 3-12 
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OPEN DUST SOURCE: Vehicular Traffic on Paved Roads 
Q A  RATING: B for Norhal'UdZKTraffii5 

C for Industrial Plant Traffic* 

EF ~0.45 [*)[&)[+)o*8 Ib/veh-mi 

Y-l-Lr' 
Determined by 
profiling of 
emissions from 
traffic (mostly 
light-duty) on 
arterial roadways 
with vaiues for 
s and L assumed. 

* 

. 

Assumed.by analogy 
to experimentally 
determined factor 
for unpaved roads. 

*Tests of indmtrial 
plant traffic yielded 
higher than .predicted 
emissions, presumably 

dust from vehicle . .  

underbodies. 

. .  . . .  due to resuspension of . .  

Determined by profiling o f  emissions from 
light-duty vehicles on roadway which was 
artif icially loaded with kmwn quantities 
of gravel fines and pulverized topsoil. 

where: EF = suspended particulate emissions (Ib/veh-mi) 
s = s i l t  content of road surface material (%) 
S = average vehicle speed (mph) 
W =average vehicle weight (tons) 
L = surface dust loading on traveled portion 

of road (Ib/mile) 
.. 

Figure 3-5. Pred ic t i ve  emission factor  equation f o r  vehicular 
t r a f f i c  on paved roads. 
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OPEN DUST SOURCE: Storage Pile Formation by Means of 

QARATING: B 
Translating Conveyor Stocker 

EF = 0.0018 

Determined by profiling of emissions 
frem pile s?m!dng of pelletired and 
lump iron ore. 

where: EF =suspended particulate emissions 
(Ib/ton of material transferred) 

s =silt content of aggregate (Yo) 
M=mis tu re  content of aggregate (%) 
U =mean wind speed (mph) 

._ .  . 
1 . .  

Figure 3-6. Pred ic t ive  emission f a c t o r  equation f o r  s torage 
p i l e  formations by means of t r ans l a t ing  
conveyor stacker.  

I.' 
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Note t h a t  emissions from Tests A l l  and A12 a r e  s i g n i f i c a n t l y  g r e a t e r  
than predicted during the  e a r l y  stages of p i l e  formation. 
be due t o  t h e  increased atmospheric exposure of f a l l i n g  mater ia l  r e s u l t i n g  
from increased drop d i s t a n c e  during t h e  e a r l y  stages of p i l e  formation. The 
same e f f e c t  i s  not observed i n  the  case of p e l l e t s  (an a r t i f i c i a l  aggregate) 
poss ib ly  because emissions appear t o  be concentrated a t  t he  drop end of the 
s t a c k e r  and from the p i l e  sur face  as p e l l e t s  bounce and r o l l .  The poss ib le  
e f f e c t  of drop d i s t a n c e  and d u s t  emission should be f u r t h e r  quant i f ied  by 
f i e l d  t e s t i n g .  

This is thought t o  

4 

+ 

Figure 3-7 gives  the p r e d i c t i v e  emission f a c t o r  formula f o r  t r a n s f e r  
( load-out)  of aggregate from a loader  t o  a t ruck .  
marily on f i e l d  t e s t i n g  of emissions from the  t r a n s f e r  of crushed s l ag  a t  
P lan t  A. It has  the  same form as the p r e d i c t i v e  equation for s torage  p i l e  
s tacking,  except f o r  t h e  a d d i t i o n  of a term containing t h e  bucket size of t he  
loader .  This term was derived by comparing the  r e s u l t s  f o r  the 10 cu yard 
loader  with r e s u l t s  obtained several  years  ago for  load-out of crushed limestone 
with a 2 . 7 5  cu yard loader .  
s ions  ca lcu la ted  from the pred ic t ive  equat ion.  

The equation is based p r i -  

Table 3-13 compares measured emissions with emis- 

Figure 3-8 presents  t h e  emission f a c t o r  formula f o r  dust  emissions from 
veh icu la r  t r a f f i c  around s t o r a g e  p i l e s .  The c o e f f i c i e n t  i n  t h i s  equation was 
determined from conventional upwind/downwind sampling of t o t a l  emissions from 
a sand and grave l  s torage  p i l e  a rea  during per iods of a c t i v i t y  (load-in.  load- 
ou t ,  t r a f f i c )  and per iods of i n a c t i v i t y  (wind erosion only) .  
c o r r e c t i o n  terms were added by analogy t o  experimentally determine f ac to r s  f o r  
o t h e r  sources.  The c l i m a t i c  f a c t o r  assumes. as i n  the case of unpaved roads, 
t h a t  emissions occur only on dry days; the va lue  of 235 dry days was obtained 
by extending t o  an annual period the  frequency of measurable p r e c i p i t a t i o n  
which was observed d u r i n g  the 30-day t e s t  period.14' Because of the p o t e n t i a l  
inaccuracies  of t he  sampling methodology and t h e  number of assumptions used 
i n  der iv ing  t h e  c o r r e c t i o n  terms, t h i s  p r e d i c t i v e  emission formula is assigned 
a r e l a t i v e l y  low q u a l i t y  assurance r a t ing .  

"be f i rs t  two 

n 

I 

, , .. 
. . ,  Figure 3-9 presents  the' emission f a c t o r  formula f o r  dust  emissions gener- 

a ted by wind erosion of s t o r a g e  p i l e s .  

Zhe f a c t o r  of 0.11 l b / t o n  ( i . e . ,  33% of 0.33 lb / ton)  was cu t  i n  h a l f  .to a d j u s t  
for  the es t imate  t h a t  the average wind speed through the  emission layer  was one- 
h a l f  of t he  value measured above the top of t he  p i l e s .  The o ther  terms i n  the  
equat ion were added t o  c o r r e c t  f o r  s i l t ,  p r e c i p i t a t i o n  and frequency of high 
winds. 
t h i s  p r e d i c t i v e  equat ion requi res  s u b s t a n t i a l  a d d i t i o n a l  t e s t i n g  t o  increase  
i t s  QA r a t i n g  t o  an acceptable  l eve l .  

The c o e f f i c i e n t  i d  the  equation was 
. . .  determined from t e s t i n g  i n a c t i v e  sand and grave l  s torage p i l e s ,  as  noted above. 

For the reasons given above with respec t  t o  t h e  f a c t o r  f o r  t r a f f i c ,  
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. . .  

OPEN DUST SOURCE: 
Q A  RATING: B 

Transfer of Aggregate from Loader to Truck 

Determined by profiling of emissions 
from load-out of crushed steel slag 
and crushed limestone. 

where: EF = suspended particulate emissions 
(Ib/ton of material transferred) 

s =s i l t  content of aggregate (%f  
M = moisture content of aggregate (%) 
U =mean wind speed (mph) 
Y =effective loader capacity (yd ) 3 

Figure 3-7. Pred ic t i ve  emission factor  equation f o r  t rans fer  o f  
aggregate from front-end loader t o  truck. 
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OPEN DUST SOURCE: Vehicular Traffic Around Storage Piles 
QA RATING: C 

. 

Estimated factors 
to correct measured 
emissions to other 
source conditions. 

L 
Determined by  difference, i.e. 
subtraction of load-in/ load-out 
emissions and wind erosion 
emissions from total emissions 
based on upwind/downwind 
sampling around sand and gravel 
storage pi les . 

where: EF = suspended particulate emissions 

K = activity factor deflned as unity for operation tested 
I =si l t  content of aggregate (%) 
d = dry days per year 

(Ib/ton of material -put through storage cycle) 

Figure 3-8. Pred ic t i ve  emission factor equations f o r  vehicu lar  
t r a f f i c  around storage p i les .  
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... I .  

OPEN DUST SOURCE: Wind Erosion from Storage Piles 
QA RATING: C 

I I 
Bosed on upwind/downwind Estimoted factors to 
sampling of emissions from correct measured 
inactive storage piles of emissions to othei 
sand and gravel. source conditions. 

where: EF = suspended particulate emissions 
(Ib/ton of material put through storage cycle) 

s =s i l t  content of aggregate (%) 
D =duration of rtoroge (doys) 
d dry doys per year 
f = percentage of time wind speed exceeds 12 mph 

.._ . - . 

... Figure 3-9.  Predict ive emission factor  equation for wind 
-erosion from storage p i l e s .  

. .  ... . . ,  . .  . .  . . .  . . . . ,  . .  . 
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Wind Erosion o f  Exposed Areas-- 
Figure 3-10 presents  t he  emission f a c t o r  formula for  wind eros ion  from 

301 exposed areas .  
ing o f  suspended dust  genera t ion  during dus t  s torms,  a s  repor ted  by G i l l e t t e , -  
and (b) by an analogy t o  the wind eros ion  equat ion,  which p red ic t s  t o t a l  e ros ion  
r a t h e r  than suspended dus t  genera t ion .  Although it i s  known t h a t  above the  wind 
speed threshold of  12 mph f o r  wind e ros ion ,  t he  e ros ion  r a t e  increases  with the  
cube of t he  wind speed, t h e  wind speed co r rec t ion  term w a s  s impl i f ied  t o  r e f l e c t  
an average value o f  15 mph f o r  per iods  of  erosion.  Because of  t h e  number o f  a s -  
sumptions made in der iv ing  t h i s  equat ion ,  more t e s t i n g  is  needed t o  increase i t s  
OA r a t i n g  t o  an acceptable  l e v e l .  

3 . 3 . 4  Determination of  Correc t ion  Parameters 

A s  i nd ica t ed ,  t h i s  equat ion was der ived  (a) from f i e l d  t e s t -  

The following t h r e e  ca t egor i e s  o f  parameters appear in t he  r e f ined  emission 
f a c t o r  equat ions presented in t h e  previous sec t ion :  

1. Measures of source a c t i v i t y ,  

2 .  P rope r t i e s  of  ma te r i a l  being d is turbed ,  and 

3. Cl imatic  parameters. 

Measures o f  source a c t i v i t y  a r e  expressed in terms o f  equipment c h a r a c t e r i s t i c s  
(such a s  vehic le  weights and loader  bucket s i z e s )  which a r e  a v a i l a b l e  from plan t  
records.  
p rope r t i e s  and c l ima t i c  parameters.  

The paragraphs below desc r ibe  methods f o r  determinat ion of  mater ia l  

In order  t o  determine the  p r o p e r t i e s  of  aggregate  ma te r i a l s  being d is turbed  
by t h e  a c t i o n  o f  machinery or wind, r ep resen ta t ive  samples of  t he  ma te r i a l s  must 
be obtained f o r  ana lys i s  i n  t h e  l abora to ry .  Unpaved and paved roads a re  sampled 
by removing loose ma te r i a l  (by means o f  vacuuming and/or broom sweeping) from 
l a t e r a l  s t r i p s  of  road sur face  extending across  the  t r ave led  por t ion .  Storage 
p i l e s  a r e  sampled t o  a depth exceeding the  s i z e  of  t h e  l a r g e s t  aggregate pieces .  
Exposed ground a reas  a r e  sampled by removing loose  sur face  ma te r i a l  or, i f  a 
c r u s t  has  formed, by removing material t o  a depth o f  about 1 t o  2 cm. 

In al l  cases ,  s eve ra l  incremental  samples a r e  combined t o  form a composite 
sample.  Zhe composite sample is then  t ransfer red- to- the  labora tory  i n  a mois- 
t u r e  impervious conta iner .  

The mater ia l  p rope r t i e s  of i n t e r e s t  a r e  moisture  content  and t e x t u r e  (spe- 
c i f i c a l l y  s i l t  content  and c lodd iness ) .  Moisture is  determined in the  labora-  
t o r y  by weight l o s s  a f t e r  oven dry ing  a t  110OC. Texture  is determined by s t an -  
dard dry s iev ing  techniques.  

3-39 



OPEN DUST SOURCE: Wind Erosion of Exposed Areas 
QARATING: C 

Based on testing of 
emissions from wind 
erosion of agricultural 
fields of varying silt 
content. wind speed. 

Estimated factor to 
account for fact that 
wind erosion occurs 
only above threshold 

I I 

Arsumed by analogy to 
Wind Ernsion Equation 

where: EF = suspended particulate emissions ( Ib/acre-yr) 
e = surface erodibility (tons/acre-yeor) 
s = silt content of surface material (%) 
f = percentage o f  time wind speed exceeds 12 mph 

P-  E = Thornthwaite'r Precipitation- Evaporation Index 
.. .. . , .  . 

.. .. , . .  . 

F igure 3-10. Pred ic t i ve  emission fac to r  equation f o r  wind erosion 
of exposed areas. 

., . . 

h 

3 -40 



The moisture conten t  of  an exposed aggregate ma te r i a l  is dependent on 
i ts  i n i t i a l  moisture content  and on t h e  p r e c i p i t a t i o n  and evaporat ion which 
occurs .whi le  t he  ma te r i a l  i s  in p lace .  
approximate measure o f  average su r face  s o i l  moisture, bu t  is not s u i t a b l e  f o r  
f r e e l y  d ra in ing  aggregate .stored i n  open p i l e s .  

Thornthwaite 's  P-E Index is  a usefu l  

The t ex tu re  of a r a w  ma te r i a l  such a s  lump  i ron  o r e  may vary s u b s t a n t i a l l y  
with the  method of  mining, process ing ,  and t r anspor t .  Ma te r i a l s  processed a t  
i r o n  and s t e e l  p l an t s  such as s l a g ,  s i n t e r ,  and coke exh ib i t  v a r i a b l e  t ex tu re  
dependent on t he  method of  processing and handl ing.  . .  

The c l i m a t i c  parameters of  i n t e r e s t  a r e  (a) dry days per y e a r ,  (b) P-E 
Index, and (c) frequency with which t h e  wind speed exceeds 12 mph. D r y  days 
per year  for  any geographical a r e a  o f  t he  United S t a t e s  may be found from a 
map o f  mean annual number of  days wi th  0.01 i n .  or more o f  p r e c i p i t a t i o n ,  a s  
given i n  AP-42.21 
s t ruc t ed  by MRI and i s  a l s o  found i n  AP-42.2' F i n a l l y ,  long-term average an- 
nual wind speed d i s t r i b u t i o n s  for  r e p o r t i n g  weather s t a t i o n s  may be found in  
the  Climatic  Atlas.- 31/ 

3.3.5 Best  Open D u s t  Source Emission Fac to r s  

A U.S. map of  P-E Index by s t a t e  c l i m a t i c  reg ion  was con- 

Since only a few o f  t he  many open d u s t  sources  were a c t u a l l y  quan t i f i ed  
by f i e l d  t e s t i n g ,  t h e  bes t  open d u s t  source  emission f a c t o r s  must necessa r i ly  
be  a hybrid of bo th  estimated and measured va lues .  
emission f a c t o r s  a r e  presented for (a) the s torage  of  var ious  r a w  m a t e r i a l s ,  
(b) ma te r i a l s  t r a n s f e r ,  (c) veh icu la r  t r a f f i c  on unpaved roads ,  and (d) wind 
erosion.  

In Table 3-14 t h e  b e s t  

The method f o r  determining t h e  b e s t  suspended emission p a r t i c u l a t e  f ac -  
t o r  and t h e  percent  o f  suspended p a r t i c u l a t e  thar  is  f i n e  is  descr ibed i n  t h e  
t a b l e  a s  e i t h e r  (a) es t imat ion ,  (b) measurement, or (c) c a l c u l a t i o n .  These 
methods a r e  def ined i n  footnotes  t o  Table 3-14. 

. 
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SECTION 4 .0  

OPEN DUST SOURCE SURVEYS 

This  sec t ion  presents  t h e  r e s u l t s  o f  f i e l d  surveys o f  open d u s t  sources  
a t  four  p l a n t s  (ranging i n  capac i ty  from approximately 1.5 t o  2.5 mil l ion  
tons  of ingots  per year .  
source ex ten t ,  source a c t i v i t y  l e v e l s ,  and p rope r t i e s  of  exposed ma te r i a l s  
which comprised the  dus t  emi t t i ng  su r faces  (unpaved and paved r o a d s ) ,  s to rage  
p i l e s  and exposed ground areas. 
p l a n t ,  denoted by l e t t e r s  A through D. 

The purpose o f  t he  surveys w a s  t o  c o l l e c t  d a t a  on 

Survey r e s u l t s  are given below for  each 

The experimental ly  dekermined emission f a c t o r s  f o r  open dus t  sources  
given in Figures  3-4 through 3-10 and reproduced i n  Table 4-1 were used t o  
c a l c u l a t e  f u g i t i v e  dus t  emissions.  Emission r a t e s  were determined through 
mul t ip l i ca t ion  o f  t he  appropr i a t e  emission f a c t o r  and t h e  source ex ten t .  

4.1 SURVEY RESULTS FOR PLANT A 

This  sec t ion  presents  t he  r e s u l t s  o f  a survey o f  open d u s t  sources  a t  a 
r ep resen ta t ive  i ron  and steel p l a n t  designated a s  P lan t  A. Survey procedures 
and r e s u l t s  a r e  given s e p a r a t e l y  f o r  each source category.  

4.1.1 Vehicular T r a f f i c  

Table 4-2 l i s t s  source e x t e n t ,  emission f ac to r  c o r r e c t i o n  parameters ,  
and ca l cu la t ed  emission r a t e s  f o r  s p e c i f i c  unpaved and paved roads ly ing  
wi th in  the property boundaries of Plant  A. 

Source Extent-  

types ,  and mileage t r ave led :  
The following s t eps  were used t o  develop t h e  inventory o f  roads ,  veh ic l e  

1. Road segments with s p e c i f i c  sur face  and t r a f f i c  c h a r a c t e r i s t i c s  were 
i d e n t i f i e d  and t h e  length  of  each segment was determined from a map of  t he  
p l an t .  

2 .  The types and weights o f  veh ic l e s  t r a v e l i n g  on each road segment were 
spec i f i ed  by p lan t  personnel.  

4-1 
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. . .  3.  .F igu res  on t h e  d a i l y  mileages t r a v e l e d  by each. veh ic l e  type were f u r -  * .  

nished by p lan t  personnel.  

1 
4. Information provided by p lan t  personnel  was used t o  apport ion the  

mileage t r ave led  by each vehic le  type over the var ious  road segments. 

Approximately 72% of  Plant  A ' s  20 miles o f  roads a r e  paved and on t he  
'T 

whole have r e l a t i v e l y  low p a r t i c u l a t e  su r face  loadings and r e s u l t a n t  emission 
r a t e s .  
su r f ace  loadings ,  with r e s u l t a n t  high emisstons.  

Two paved roads ,  the coal  s torage  and coke p lan t  roads ,  have very h igh  

Vehicular t r a f f i c  a t  Plant  A was comprised of  th ree  bas i c  vehic le  types :  

* Type A - l i g h t  duty (automobiles and pick-up t rucks  with 3 ton average 
weight ) .  

Type B - medium duty  ( f l a tbeds  and o t h e r  medium-sized t rucks  with 15 
ton  average weight) .  

* 

* Type C - heavy duty  ( l a rge r  t rucks  with 30 t o n  average weight) .  

Vehicle mileage f i g u r e s  suppl ied by p l a n t  personnel were as follows: 

* Open hea r th  s l a g  haul ing t rucks  (Type C) : 90 miles/day 

* Coke haul ing  t r u c k s  (Type C) : 83 mileslday 

%: Miscellaneous medium t rucks  (Type B) : 197 miles/day 

* Automobiles and l i g h t  t rucks  (Type A) : 1,056 miles/day 

* Miscellaneous s l a g  plant  t r a f f i c  (Type C) : 288 miles/day 

The above mileages were d i s t r i b u t e d  among the  v a r h u s  road segments based 

. .  . . .  

. .  

" 

on observed t r a f f i c  p a t t e r n s ,  confirmed by p l a n t  personnel.  
t ruck  miles were assigned t o  the  s l a g  haul ing  road. 
haul ing  t ruck  miles.were assigned t o  the  unpaved por t ion  o f  t h e  coke h a u l i n g  
road and two-thirds  o f  the 'paved por t ion .   all s l a g  p lan t  t r a f f i c  was assigned 
t o  t h e  s l ag  p l an t  roads.  
t o  be uniformly d i s t r i b u t e d  over a l l  p l an t  roads  except  t he  unpaved port ion of 
t h e  coke haul ing  road,  t h e  s l a g  haul ing  road,  and s l ag  plant  roads.  Therefore ,  
t h i s  remaining t r a f f i c  was assigned t o  each remaining road i n  d i r e c t  proport ion 
t o  the  f r a c t i o n  o f  t h e  road i n  r a t i o  t o  t h e  t o t a l  road length  excluding the 
t h r e e  mentioned above (15.4 mile). 

A l l  s l a g  haul ing  
One-third o f  t he  coke . .  

' . 
. .. '' 

The remainder o f  t h e  vehicu lar  t r a f f i c  was observed 

i 
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Correct  ion Parameters-- 
During t h e  plant  survey, samples of  loose  sur face  ma te r i a l  were taken 

from the s l a g  haul ing road, s l ag  p lan t  road,  and t h e  coke p i l e  road and ana- 
lyzed i n  t he  p lan t  laboratory.  Samples were t e s t e d  t o  determine s i l t  content .  
The hot  s t r i p  road was assigned a s i l t  content  between t h e  va lues  for  t h e  s l ag  
haul ing  road and the  s l ag  plant  road.  The s i l t  conten t  o f  su r f ace  ma te r i a l  on 
paved roads was given a t y p i c a l  va lue  of  10%. 
roads were estimated from observa t ion .  

Surface dus t  loadings on paved 

Average vehic le  speed f o r  each segment o f  unpaved or paved road was e s t i -  
mated by p l an t  personnel,  and t h e  number of  d r  days p e r  year  f o r  t he  p l an t  
l o c a l e  was determined from the  Cl imat ic  Atlas.&/ For road segments having a 
mixture of  vehic le  types ,  average veh ic l e  weights were der ived  by accounting . 
for  mileage a t t r i b u t e d  t o  each v e h i c l e  type.  

4.1.2 Storage P i l e  A c t i v i t i e s  
I. 

.. 

An inherent  pa r t  of  t he  ope ra t ion  of  i n t eg ra t ed  i r o n  and s t e e l  p l an t s  i s  
the maintenance o f  outdoor s torage  p i l e s  o f  mineral  aggregates  used a s  raw ma- 
t e r i a l s ,  and o f  process wastes.  Storage p i l e s  a r e  usua l ly  l e f t  uncovered, p a r -  
t i a l l y  because of  the necess i ty  f o r  f requent  t r a n s f e r  of ma te r i a l  i n t o  or out 
of  s torage .  

Dust emissions occur a t  seve ra l  po in ts  i n  the  s to rage  cycle--during load- 
ing o f  ma te r i a l  onto t h e  p i l e ,  whenever the  p i l e  i s  ac t ed  on by s t rong  wind 
c u r r e n t s ,  and during loadout of material from the p i l e .  Truck and loading 
equipment t r a f f i c  i n  t he  s torage  p i l e  a reas  are a l s o  a s u b s t a n t i a l  source of  
dus t  emissions.  

Source Extent--  

primary aggregate ma te r i a l s  a t  P l an t  A .  
(a) d i scuss ions  with p l an t  personnel ,  (b) p l a n t  s t a t i s t i c s  on q u a n t i t i e s  of  
ma te r i a l s  consumed, and (c) f i e l d  e s t ima t ions  during the  p l an t  survey. 

Table 4-3 g ives  d a t a  on t h e  ex ten t  o f  open s to rage  opera t ions  involving 
This  information was developed from 

Table 4-3 a l s o  presents  the emission f a c t o r s  f o r  t h e  open s torage of p r i -  
mary aggregate ma te r i a l s  at  P lan t  A. The r a t i o n a l e  f o r  t he  use of  t he  emission 
f a c t o r  expression (Table 4-1) f o r  each opera t ion  is given below. 

The opera t ion  of loading onto s to rage  p i l e s  a t  P lan t  A u t i l i z e d  e i t h e r  
I 

overhead loaders ,  dump t ruck  and front-end loader  combinations o r  var ious  
types of s tackers .  These opera t ions  were judged t o  be comparable t o  the op- 
e r a t i o n s  f o r  which f i e l d  measurements were performed. 
(3) and (4) i n  Table 4-1 were used d i r e c t l y  t o  desc r ibe  emissions from s to r -  
age p i l e  load-in.  

Therefore ,  Equations 

.- .- .... .. , 
. :.. . ,:. 

. . . . .  ,..' . . .  . .. ... 
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Cl 

Vehicular t r a f f i c  around s torage  p i l e s  at  Plant  A was gene ra l ly  l e s s  in- 
t ense  than t r a f f  i c  around emission-tested aggregate s torage  p i l e s  cons i s t ing  
of  t ruck and front-end loader  movements assoc ia ted  wi th  load-in and load-out . 
Stored aggregate ma te r i a l s  ass igned a t r a f f i c - r e l a t e d  emission f a c t o r  of zero 
were: medium v o l a t i l i t y  coa l ,  h igh  v o l a t i l i t y  c o a l ,  lump i ron  o r e ,  and pe l -  
l e t i z e d  i ron  o re .  The coke s torage  p i l e s  a t  Plant  A were worked in a manner 
s imi l a r  t o  the emission-tested a a r e g a t e ,  a s  r e f l e c t e d  by Equation (5) in 
Table 4-1 w i t h  K = 1. Traf f ic  around processed s l a g  s torage  p i l e s  was cov- 
e red  under unpaved roads above. 

Equation (6) in Table 4-1 was used d i r e c t l y  t o  c a l c u l a t e  emissions from 
wind eros ion  of s torage p i l e s  a t  P lan t  A .  'However, t he  emission f a c t o r  f o r  
wind e ros ion  from iron o r e  pe l le t  p i l e s  w a s  mul t ip l ied  .by 0.2 t o  accoun t . fo r  
the lack o f  s a l t a t i o n  s i z e  p a r t i c l e s  requi red  for t he  e ros ion  process.- 

.' . .  
' '  3 2 1  

. . . .  
. .  . .  

A wide range of  aggregate load-out (reclaiming) ope ra t ions  were observed. 
a t  P l a n t  A. Load-out of  lump , i r o n  o r e  and iron. o r e  p e l l e t s  by g r a v i t a t i o n a l  
drop onto underground conveyors generated l i t t l e  f u g i t i v e  d u s t ,  as r e f l e c t e d  
by the  assumed a c t i v i t y  f a c t o r  o f  0 . 2  for Equation ( 4 ) .  
loaded ou t  through the  use of h igh  loaders  which dumped ma te r i a l  onto under- 
ground conveyors', a process s i m i l a r  in nature  t o  load-in of  emission-tested 
aggregate ,  bu t  having an assumed a c t i v i t y  f a c t o r  of 0.8. 
were loaded o u t  i n  a manner s i m i l a r  t o  load-out o f  emission-tested aggrega tes ,  
so Equation (7) was used d i r e c t l y .  

- 

Coal p i l e s  were 

Coke and s l a g  p i l e s  

, 

Correct  ion Parameters-- 

from labora tory  ana lys i s  of  samples of s to red  ma te r i a l s  or were es t imated .  
Duration of  s torage  f o r  each ma te r i a l  was est imated by p lan t  personnel .  
Loader bucket s i z e s  were es t imated  by MRI personnel.  Climatic co r rec t ion  
parameters (mean wind speed = 8.7 mph, dry  days p e r  year  = 275,  and per- 
centage o f  time t h a t  he wind speed exceeds 12 mph = 19) were obtained from 
the Climatic Atlas.- 'IF The c o r r e c t i o n  f a c t o r s  used in determining emissions 
f o r  P lan t  A ' s  s torage p i l e  a c t i v i t i e s  a r e  presented in Table 4 - 4 .  

Values for  aggregate s i l t  conten t  and moisture content  were obtained 

4.1.3 Wind Erosion of Exposed Areas 

Unsheltered a reas  of  exposed ground around p lan t  f a c i l i t i e s  a r e  subjec t  
t o  atmospheric dus t  generat ion by wind e r o s i o n ,  whenever the  wind  exceeds the 
threshold  ve loc i ty  of about 12 mph. The exposed ground a r e a  wi th in  t h e  bound- 

' a r i e s  o f  Plant A was  es t imated t o  be  25% o f  the  p lan t  proper ty ,  based on ob- 
serva t ions  during the  p lan t  survey.  To account f o r  t he  s h e l t e r i n g  e f f e c t  o f  
bu i ld ings ,  t h e  e f f e c t i v e  exposed a r e a  w a s  taken to be 12.5% o f  the p l a n t  
property.  

.. 
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As indicated in Table 4-1,  t he  parameters which inf luence the  amount of 
dus t  generat ion by wind erosion a r e  su r face  e r o d i b i l i t y ,  s i l t  content  o f  sur- 
face  m a t e r i a l ,  P-E Index, and f r a c t i o n  of the time t h e  wind speed exceeds 12 
mph. The sur face  e r o d i b i l i t y  f a c t o r  (47) and the sur face  s i l t  content  (15%) 
were der ived  from ana lys i s  of  su r f ace  s l a g  mater ia l  a t  Plant  B .  Thornthwaite’s  
P-E Index f o r  P lan t  A was determined t o  be  4 5 . 9 ’  
f r a c t i o n  of  time the  wind speed was g r e a t e r  than 1 2  mph (199.) was obtained from 
weather r e c o r d s . 2 ’  
a r e  presented in Table 4-5. 

F i n a l l y ,  t he  value f o r  the 

The r e s u l t s  from wind eros ion  of P lan t  A ‘ s  exposed a reas  

4.1.4 Summary of D u s t  Emissions . .  

A breakdown of  ca l cu la t ed  emissions from open dus t  sources  a t  Plant  A i s ’  
presented in Table 4 - 6 .  For P lan t  A ,  t he  l a r g e s t  con t r ibu t ing  source category 
was unpaved roads.  
ranked next  i n  order .  The con t r ibu t ion  o f  the paved roads t o  the dus t  inven- 
to ry  was minimal. 

4.2 SURVEY RESULTS FOR PLANT B 

Emissions generated by s to rage  p i l e s  and exposed a r e a s  

This sec t ion  presents  the r e s u l t s  o f  a survey o f  open d u s t  sources  a t  a 
r ep resen ta t ive  i ron  and s t e e l  p l an t  designated a s  Plant  B .  Survey procedures 
and r e s u l t s  a r e  given separa te ly  f o r  each source category.  

4.2.1 Vehicular T r a f f i c  

Table 4-7 l i s t s  source e x t e n t ,  emission f ac to r  co r rec t ion  parameters, 
and ca l cu la t ed  emission r a t e s  f o r  s p e c i f i c  unpaved and paved roads ly ing  
wi th in  the  property boundaries o f  P l an t  B .  

The experimental ly  determined emission f a c t o r s  f o r  paved and unpaved 
roads given in Table 4-1 were used t o  c a l c u l a t e  f u g i t i v e  dus t  emissions.  The 
appropr ia te  measure o f  source e x t e n t  is vehicle-miles  t r ave led .  

Source Extent--  

t ypes ,  and mileage t r ave led :  
The following steps were used t o  develop the  inventory of  roads,  veh ic l e  

1. Road segments with s p e c i f i c  sur face  and t r a f f i c  c h a r a c t e r i s t i c s  were 
i d e n t i f i e d  and the length  of  t hese  segments were determined from a map of t h e  
p l an t .  

2 .  The types and weights o f  veh ic l e s  t r a v e l i n g  on each road segment were 
spec i f i ed  by p lan t  personnel.  

4-9 
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TAELE 4-6. PUNT A: SUMMARY OF OPEN DUST SOURCE EMISSIONS 

Malor d u s t  cont r ibu tors  
Suspended p a r t i c u l a t e  Percentage 
emissions ( tons /yr) of t o t a l  

1. 

2. 

3. 

4 .  

Unpaved Roads 

Total  Paved Roads 

Total  Wind Erosion - 
Exposed Areas 

Storage P i l e s  
Lump I ron  Ore 
I ron  Ore P e l l e t s  
Combined (High - LOW 

V o l a t i l i t y )  Coal 
Other Storage P i les  

l o t a l  A l l  Open Sources 

760 

250 

380 

250 
6 1  

110 
200 

2,010 
- 

38 

12 

19 

1 2  
3 

6 
10 

100% 
- 
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3 .  Data on t h e  d a i l y  mileage t r ave led  by each vehic le  type was ca l cu -  
l a t e d  from plan t  motor pool in format ion ,  spec i fy ing  veh ic l e  hours used per 
week. 
vehic le  speed were used. 

To c a l c u l a t e  miles t r ave led  per day ,  a u t i l i z a t i o n  f a c t o r  and average 

4. Information provided by p l a n t  personnel was used t o  apport ion t h e  
mileage t rave led  by each veh ic l e  type over t h e  var ious  road segments. 

Approximately 78% of P lan t  B ' s  17.3 miles of  roads a r e  paved and have 
r e l a t i v e l y  low p a r t i c u l a t e  sur face  loadings and r e s u l t a n t  emission rates. 
However, about 2 miles of  paved roads  was assigned a loading of  15,000 l b /  
mi l e ,  based on v i sua l  observa t ion ,  and have r e l a t i v e l y  high emissions.  

Vehicular t r a f f i c  a t  Plant  B was comprised of  t h ree  b a s i c  vehic le  types:  

* Type A - l i g h t  duty (automobiles and pick-up t rucks  with 3-ton average 
weight) .  

Type B - medium duty ( f l a t b e d s  and o ther  medium-sized t rucks  with 15- 
ton average weight).  

Type C - heavy duty ( l a r g e r  t r u c k s  wi th  30-ton average weight) .  

f; 

* 

Vehicle mileage f igu res  c a l c u l a t e d  from d a t a  obtained from plan t  personnel 
were a s  follows: 

Unpaved roads Paved roads  

Type A - 168 mileslday 

Type B - 159 mileslday 

Type A - 1,057 mileslday 

Type B - 524 mileslday 

Type C - 672 mileslday Type C - 582 mileslday 

T o t a l :  1,000 mileslday Tota l :  2,163 miles/day 

. 
Paved roads were divided i n t o  two ca t egor i e s :  h ighly  loaded (dusty) paved 

and moderately loaded paved roads.  
proximately 15% o f  the t o t a l  paved road mileage, it was assumed t h a t  15% of  the  
apportioned paved road t r a f f i c  would t r a v e l  on t h e  dus ty  roadways. 

Because dus ty  paved roads c o n s t i t u t e d  a p -  

Correc t ion  Parameters-- 

the sur face  ma te r i a l .  This l abora to ry  s i l t  content  (10%) was assumed t o  ap- 
ply t o  the o t h e r  unpaved road segments a t  P lan t  B .  The sur face  s i l t  content  
for  paved roads was assumed t o  be  10%. a t y p i c a l l y  measured value.  

A t  P lan t  B ,  one unpaved road segment was sampled f o r  the s i l t  conten t  of 

- .  
.. .. , .. . .. 

... . -  
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, .  . . .  Average veh ic l e  speed f o r  each segment of unpaved ,or paved road was es-  
days per year  f o r  the plant  t imated by p l a n t  personnel and the  number of d r  

l o c a l e  was determined. from the  Climatic Atlas.- . .  31 I 

For road segments having a mixture of  veh ic l e  types,  average vehic le  
weights were der ived by accountfng for mileage . a t t r i bu ted  t o  each vehic le  
type .  

4 .2 .2  Storage P i l e  A c t i v i t i e s  

Source Extent--  

primary aggregate ma te r i a l s  at  P l a n t  B. This  information was developed from 
(a)  d i scuss ions  with plant  personnel ,  (b) p l an t  s t a t i s t i c s  on q u a n t i t i e s  of 
m a t e r i a l s  consumed, and (c) f i e l d  es t imat ions  dur ing  t h e  plant  survey. 

Table 4-8 g ives  d a t a  on t h e  ex ten t  of  open s torage  opera t ions  involving 

Table 4-8 a l s o  presents  t h e  emission f a c t o r s  f o r  t he  s torage of  primary 
aggregate ma te r i a l s  a t  P l an t  B. 
f a c t o r  expression (Table 4-1) f o r  each ope ra t ion  is given b,elow. 

The r a t i o n a l e  f o r  the use of the  emission 

The method o f  loading onto s torage  p i l e s  at  P lan t  B cons is ted  of var ious 
types of  s t acke r s  coupled with. a s i z a b l e  conveyor network. 
t i o n  (4) from Table 4-1 was used d i r e c t l y  t o  c a l c u l a t e  emissions from storage 
p i l e  load-in.  

Therefore,  Equa- 

. .~ 

Vehicular  t r a f f i c  around s torage p i l e s  a t  Plant  B was genera l ly  l e s s  in- 
t ense  than t r a f f i c  around emission-tested sand and gravel  aggregate s torage  
p i l e s ,  c o n s i s t i n g  of  t ruck  and high loader  movements assoc ia ted  with the  
load-in and load-out process.  Stored aggregate  ma te r i a l s  assigned a t r a f f i c -  
. r e l a t e d  emission $ac tor  of  zero  were: coa l ,  i r o n  o r e  p e l l e t s ,  and lump i ron  
o r e .  

. .  
A t  P l an t  B ,  only t h e  o r e  bedding, s l ag  p i l e s ,  and coke have vehic les  

. .  moving among the  p i l e s  during the  s to rage  cyc le .  An a c t i v i t y  f a c t o r  of 0.25 
was used wi th  Equation (5) i n  Table 4-1 t o  s c a l e  the  vehicu lar  t r a f f i c  emis- 
s ions  i n  t h e  'ore bedding a r e a  and around coke p i l e s ,  and a f ac to r  of  1 was . . .  
used f o r  processed s l ag  p i l e s .  . .  .. .. . .  . .. . . ,  . .  . .  

Equation (6) i n  Table 4-1 was used d i r e c t l y  t o  c a l c u l a t e  emissions from 
wind eros ion  o f  s to rage  p i l e s  a t  P lan t  B. However, the emission f ac to r  for  
wind eros ion  from iron o r e  p e l l e t  p i l e s  was mul t ip l i ed  by 0.2 t o  account for  
t h e  lack of  s a l t a t i o n  s i z e  p a r t i c l e s  requi red  f o r  t he  erosion p r o c e s s . z /  

Methods of  loading out (reclaiming) m a t e r i a l s  from the  s torage  p i l e s  at  
P lan t  B included rec la imers  which "rake" the  ma te r i a l s  onto a conveyor and 
t h e  front-end loader / t ruck  method s i m i l a r  t o  t h e  emission t e s t e d  opera t ions .  

- 
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. .  . . .  

Equations (7) and (4) i n  Table 4-1 were used wi th  appropr ia te  a c t i v i t y  fac-  
t o r s  t o  c a l c u l a t e  emissions from 1oad-out:I Because t h e  reclaimer method pro- 
duces l e s s  dus t  emisslons than  the  s t a c k e r ,  an a c t i v i t y  f a c t o r  of 0.2 was used 
with Equation (4) t o  c a l c u l a t e  dus t  emissions.  Equation (7) was used for  
those  m a t e r i a l s  removed v i a  front-end loade r f t rucks .  

Correc t ion  Parameters-- 

from labora tory  ana lys i s  of  samples of  s to red  m a t e r i a l s  or were est imated.  
Durat ion o f . s t o r a g e  f o r  each ma te r i a l  was est imated by plant  personnel.  
Loader bucket s i z e s  were est imated by MRI personnel .  Cl imat ic  co r rec t ion  
parameters (mean wind speed = 11.8 mph, dry days per year  = 265, and per- 
centage o f  t ime t h a t  t h e  wind speed exceeds 12 mph = 40) were obtained from 
t h e  Climatic  At1as.G' 

4.2.3 Wind Erosion of  Exposed Areas 

Values .for aggregate s i l t  content  and moisture  content  were obtained 

These co r rec t ion  f a c t o r s  a r e  presented i n  Table 4-9. 

Unsheltered a reas  of exposed ground around plant  f a c i l i t i e s  a r e  subjec t  
t o  atmospheric dus t  generated by wind e ros ion ,  whenever the  w b d  exceeds the  
threshold  ve loc i ty  of  about 12 mph. The exposed ground area wi th in  t h e  
boundaries of P l an t  B was est imated t o  be 124 acres based on areas  out l ined  
on a m a p  by p lan t  personnel.  
i n g s ,  t h e  e f f e c t i v e  exposed a rea  was taken t o  b e  75% o f  the indicated bare  
ground a reas .  

To account f o r  t h e  s h e l t e r i n g  e f f e c t  of  bu i ld -  

A s  i nd ica t ed  i n  Table 4-10 the  parameters which inf luence  t h e  amount of  
dus t  genera t ion  by wind eros ion  a r e  sur face  e r o d i b i l i t y ,  s i l t  content  of t h e  
s u r f a c e  material, .P-E Index, and f r a c t i o n  of t h e  time t h e  wind speed exceeds 
12 mph. The va lues  used f o r  these  parameters and the exposed a rea  emissions 
f o r  P lan t  B are presented i n  Table 4-10. 

4.2.4 Summary of D u s t  Emissions 
. .  '. . 

The' r e l a t i v e  emission cont r ibu t ions  of t h e  four source ca t egor i e s  a r e  
given i n  Table 4-11. Emissions generated by unpaved roads account f o r  58% 
of  Plant  B ' s  t o t a l .  Emissions from plant  paved roads and s torage  p i l e s  a r e  
next i n  magnitude. Emissions.  f r o m  exposed area wind eros ion  are r e l a t i v e l y  
i n s i g n i f i c a n t .  

4.3 SURVEY RESULTS FOR PLANT C 

, .  . .  . . .. ...; . . 

This  sec t ion  presents  t he  r e s u l t s  of  a survey of  open dus t  sources a t  a 
r ep resen ta t ive  i ron  and s t e e l  p l an t ,  designated a s  Plant  C .  Survey results 
and procedures a r e  given below f o r  each source category.  
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TABLE 4-11. PIANT B:  SUMMARY OF OPEN DUST SOURCE EMISSIONS 

Major dust  contributors 
Suspended part iculate  Percentage 

Source emissions (tons/yr) O f  to t41  

1.  Total Unpaved Roads 1,632 58 

2 .  Paved Roads 660 23 

3 .  Total Wind Erosion - 
Exposed Areas 

4 .  Storage P i l e s  
Lump Iron Ore 
Ore Bedding 
Slag 
Other Storage Piles 

. . .. .. 
79 3 

94 
110- 
170 
76 - 

3 
4 
6 
3 - 

Total a l l  open sources 2,021 100% 
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4.3.1 Vehicular T r a f f i c  

Table  4-12 l i s t s  source ex ten t ,  emission f a c t o r  co r rec t ion  parameters,  
and ca l cu la t ed  emission rates for s p e c i f i c  unpaved and paved roads  ly ing  .* 

wi th in  t h e  property boundaries of Plant  C.  

The experimental ly  determined emission f a c t o r s  f o r  paved and unpaved 
roads given in Table 4-1 were used t o  c a l c u l a t e  f u g i t i v e  dus t  emissions.  The u 

appropr ia te  measure of  source ex ten t  is vehic le -mi les  t r ave led .  

Source Extent--  

types and mileage t r ave led :  
The following s t e p s  were used t o  develop the  inventory of roads,  veh ic l e  

1. Road segments wi th  s p e c i f i c  sur face  and t r a f f i c  c h a r a c t e r i s t i c s  were 
i d e n t i f i e d  and t h e  length  of  each segment was determined by plant  personnel.  

2 ,  The types  and weights  o f  veh ic l e s  t r a v e l i n g  on each road segment were 
s p e c i f i e d  by p l an t  personnel .  

3. Figures  on t h e  d a i l y  mileages t r a v e l e d  by each veh ic l e  type were fu r -  
nished by p l a n t  personnel.  

4. Information provided by p l a n t  personnel was used t o  apport ion the  
mileage t r ave led  by each veh ic l e  type over t he -va r ious  road segments. 

Approximately 81% of P lan t  C ' s  27 miles of roads are paved and on t h e  
whole have r e l a t i v e l y  low p a r t i c u l a t e  su r face  loadings  and r e s u l t a n t  emission 
r a t e s .  
ca ted  by p l a n t  personnel.  These roads  have considerably higher  surface par- 
t i c u l a t e  loadings  wi th  r e s u l t a n t  higher  emission, f a c t o r s  than the  o t h e r  paved 
roads wi th in  t h e  p l a n t .  

There a r e  4.6 miles of  "dusty-paved'' roads  wi th in  P l a t  C ,  as ind i -  

Vehicular t r a f f i c  a t  P lan t  C was comprised of  two bas i c  veh ic l e  types:, 

1. Type A - l i g h t  du ty  (automobiles and pick-up t rucks  with 3-ton aver -  

. .  

age weight) .. 

2. 
. .I . .  . .  . .  . .. . . .  , , . . ,.. . 

Type B - medium duty  ( f l a tbeds  and o t h e r  medid-s ized  t rucks  wi th  15- 
ton  average weight) .  

: -  
Data pe r t a in ing  t o  the d a i l y  vehicle-miles  t r ave led  by both types of ve- 

h i c l e s  wi th in  t h e  p l an t  wereobtained from p lan t  personnel.  
t h a t  t h i s  mileage w a s  evenly d i s t r i b u t e d  over  t he  var ious road types at  t h e  
p l an t .  

It was indica ted  

. : -. 
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. .. 
Correc t ion  Parameters-- 

was no t  poss ib l e  t o  o b t a i n  r ep resen ta t ive  samples of  road sur face  dus t  from 
which t o  determine s i l t  conten t .  Therefore ,  a s i l t  content  of 10% f o r  t he  
p a r t i c u l a t e  loading on Plant  C ' s  roadways was assumed. 
f o r  each segment of  unpaved or paved road was est imated by p lan t  personnel 
and the  number of  d r  days p e r  year for the  p lan t  l oca l e  was determined from 
the Cl imat ic  Atlas.- 

., . .. 
Because of adverse weather condi t ions  during the time of  t h e  survey,  i t  

Average vehic le  speed 

3K I 

I : 
4.3.2 Storage P i l e  A c t i v i t i e s  

Source Extent--  

primary aggregate  ma te r i a l s  a t  P lan t  C.  
(a) d i scuss ions  with p l an t  personnel,  (b) p lan t  s t a t i s t i c s  on q u a n t i t i e s  of  
ma te r i a l s  consumed, and (c) f i e l d  e s t ima t ions  during t h e  p l a n t  survey. 

Table 4-13 g ives  d a t a  on t he  ex ten t  of  open s torage  opera t ions  involving 
.. This information was developed from 

Table 4-13 a l s o  presents  t he  emission f a c t o r s  for  t he  open s torage  of 
primary.aggregate ma te r i a l s  used in Plant  C.  The r a t i o n a l e  f o r  t he  use of  
t he  emission f a c t o r  expression (Table 4-1) f o r  each opera t ion  i s  given below. 

Methods of  loading onto s torage p i l e s  a t  P l an t  C cons is ted  of u t i l i z i n g  
clam s h e l l  buckets ( f o r  b l a s t  furnace input  m a t e r i a l s ) ,  movable s t acke r s  ( fo r  
a l l  blended ore beds and l a r g e  stone) ,and front-end loaders  f o r  o ther  mater i -  
als.  Equation (4) i n  Table 4-1 was used d i r e c t l y  t o  c a l c u l a t e  emissions from 
s torage  p i l e  load-in wi th  movable s t acke r s  and Equation (3) was used f o r  load- 
i n  with clam s h e l l  buckets and front-end loade r s .  

i 

1 

, . .  

. *  
Vehicular t r a f f i c  around s torage  p i l e s  a t  P lan t  C ,  cons is t ing  of  t h e  use 

of  f ront-end ' loaders  o n l y ,  was genera l ly  less in tense  than t r a f f i c  around 

and high loader  movements assoc ia ted  wi th  t h e  load-in and  load-out.  Stored 
aggregate  ma te r i a l s  ass igned a t r a f f i c - r e l a t e d  emission f a c t o r  of  zero were: 

.. . " . . : -blast  furnace .input ma te r i a l s  (coke, s i n t e r , .  and coarse ore)  and the use of  
front-end loade r s  f o r  load-out of t he  l imestone-dolomite p i l e s  a represented 
by a n ' a c t i v i t y  fac tor '  o f  0.25. 

o t h e r  m a t e r i a l s .  

. .  emission-tested aggregate  (sand and grave l )  a torage  p i l e s ,  cons i s t ing  o f  t ruck  
. .  

! 

. . . . . I  ' , . , . 
To account f o r  t h e u s e o f  front-end loaders  f o r  

. .  l o a d - i d l o a d - o u t ,  an a c t i v i t y  f ac to r  o f  0.5 was used .with Equation (5) for a l l  

Equation (6) in Table 4-1 was used d i r e c t l y  t o  c a l c u l a t e  emissions from . 
wind e ros ion  of s torage  p i l e s  a t  Plant  C .  
was appl ied t o  b l a s t  furnace coke, s i n t e r ,  and iron ore p i l e s  t o  account f o r  
t h e  depressed loca t ion  which p a r t i a l l y  s h e l t e r s  these  ma te r i a l s  from the  d i r e c t  
a c t i o n  of  w i n d .  

However, an a c t i v i t y  f a c t o r  of 0.5 

4-22 



. 
TABLE 4-13. PLANT C:  STORAGE PILE EMISSIONS 

! 
9 

.. ,. . .., . .  

I 

0.06 

0.11 

0.W 
0.10 

0.07 

0.04 
1.14 

0 . 0 3  
0.07 

0.02 
0.13 
0.02 

0.01 
0.W 

0.03 
0.08 
0.03 
0.02 

2.07 

O.WO1 0.23 

o.ow1 0 .08  

0.003 0 .78  
0.W06 0.37 

0.0003 a/ 
0.0004 0.37 
0.000s - b l  

0.0004 0.06 
O.OW4 0.06 

0. 0004 . 0.06 
0.1WL 0.03 
0 . W W  0.06 

0.0001 0.06 
0.0004 0.03 

0.0006 0.w 
0.004 0.29 

b l  0.002 - 
0.002 b' 

0.0001 0.18 

0.24 

0.08 

0.25 
0.20 

0.60 

0.20 
0.0s 

0.10 
0.10 

o.:o 
0.10 
0.10 

0.10 
0.10 

O.w 
0.11 
0.05 
0 . 1 1  

0.93 

O.WO2 

0.0001 

0,004 
0.0w9 

0.0001 

0 .OW6 
0.0001 

O.OW6 
0.0006 

0.0016 
0.0006 
0.0006 

'1.0006 
3,0006 

0.300q 
0.006 
0.101 
0.101 

0. WO8 

0.67 

0.17 

i .? 
o . j a  

0.60 

c . 5 7  
0.0) 

0.:6 
0.15 

0.16 
0.13 
1.16 

0.?6 
6.11 

0.38 
il . A 6  
0 :I3 
0.2: 

: . j  
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. 
.. Methods of  loading out  (reclaiming) m a t e r i a l s  from the  s torage p i l e s  a t  

. - .  Plant  C included (a) rec la imers  which "rake" the  materials onto a conveyor, 
(b) clam s h e l l  buckets ,  and (c) front-end loade r s  which t r a n s f e r  t h e  ma te r i a l  
t o  a conveyor b i n ,  a process  s imi l a r  i n  n a t u r e  t o  t h e  load-out of emission- 
t e s t e d  aggregate .  Equations (4) and (7) i n  Table 4-1 were used with appropri-  
a t e  a c t i v i t y  f a c t o r s  t o  c a l c u l a t e  emissions from load-out. Because the  re- 

0.2 was used with Equation (4) t o  c a l c u l a t e  d u s t  emissions. An a c t i v i t y  fac- 
t o r  of 1 was used with Equation (7) f o r  clam s h e l l  buckets and front-end 
loade r s .  

c la imer  produces l e s s  dus t  emissions than the  s t a c k e r ,  an a c t i v i t y  f a c t o r  of ,- 

Correct  ion Parameters-- 

from labora tory  ana lys i s  of samples o f  s to red  ma te r i a l s  or were es t imated .  
Duration of s torage  f o r  each ma te r i a l  was es t imated  by p l a n t  personnel.  
Loader bucket s i z e s  were est imated by MRI personnel .  Cl imat ic  co r rec t ion  
parameters (mean wind speed = 8.6 mph, dry days per year  = 295, and percen- 
tage  o f  time t h a t  t he  wind speed exceeds 12 mph = 24) were obtained fBm the  
Cl imat ic  A t l a s s '  

, 
Values f o r  aggregate s i l t  content  and mois ture  content  were obtained 

These co r rec t ion  f a c t o r s  are presented i n  Table 4-14. 

4 .3 .3  Wind Erosion o f  Exposed Areas 

Unsheltered a reas  of exposed ground around plant  f a c i l i t i e s  a r e  subjec t  
t o  atmospheric d u s t  generated by wind e ros ion ,  whenever the  wind .exceeds the  
threshold  v e l o c i t y  of  about 12 mph. 
boundaries o f  P l an t  C was est imated t o  .be 26.4 acres, based on p l i n t  map 
a r e a s  ou t l ined  by p lan t  personnel.  This  is an extremely low value f o r  ex- 
posed a rea  wi th in  an in t eg ra t ed  iron and s teel  p lan t  f a c i l i t y ,  r e f l e c t i n g  
t h e  f a c t  t h a t  t h e  vas t  major i ty  o f  exposed areas wi th in  P lan t  C have been 
paved. 

The exposed ground area  wi th in  the  

A s  i nd ica t ed  i n  Table 4-1, t h e  parameters which inf luence  the amount o f  
dus t  generated by wind eros ion  a r e  sur face  e r o d i b i l i t y ,  s i l t  content  of  sur- 

. f a c t  m a t e r i a l ,  P-E ,Index, and f r a c t i o n  of t h e  time t h e  wind speed exceeds 1 2  
. .  mph. S o i l  e r o d i b i l i t y  and s i l t  conten t  were der ived from t h e  s o i l  type i n  

, ,  

. ., 
t h e  v i c i n i t y  o f  Plant  C .  The ca l cu la t ed  emissions from wind erosion are pre- 
sented i n  Table-4-15. ;. . _ . . .  . .  .. . .. . . 

4.3.4 Summary o f  D u s t  Emissions . 
A breakdown of  ca l cu la t ed  emissions from open dus t  sources  a t  Plant  C is 

presented i n  Table 4-16. Paved roads (66%) is t he  l a r g e s t  cont r ibu t ing  dus t  
source ,  followed by t h e  s to rage  p i l e s  (187.). The o ther  sources of  open dus t  
a t  Plant  C ,  a s  seen in  Table 4-16, a r e  r e l a t i v e l y  small in  comparison. 

' . *  
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a /  L .  I .  = l oad - in ,  T .  = t r a f f i c ,  W.E. = w i n d  e r o s i o n ,  L.O.  = load-out .  - 
b /  A l l  m o i s t u r e  v a l u e s  a r e  assumed b y  M R I  based  on l i m i t e d  f i e l d  measurements. - 
- c /  Obtained from C l i m a t i c  Atlas.- 5 /  

- d /  

- e /  

f l  

a/ 

Obtained from p l a n t  pe r sonne l .  

Assumed v a l u e  by M R I .  

Determined by means o f  d r y  s i e v i n g .  

S t a c k e r  (L.1.) o r  mechanical r e c l a i m e r  (L.O.) u t i l i z e d .  

- 

C~ 

. -. ..- .. - -  
Reproduced from 
best available COPY. 
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TABLE 4-16. PIANT C: SUMMARY OF OPEN DUST SOURCE EMISSIONS 

Major d u s t  contributors 
Suspended part iculate  Percentage 
emissions (tonslyr) of t o t a l  

1. Unpaved Roads 150 13 

2 .  Paved Roads 
Dusty paved 
Other paved 

340 
430 

3 .  Exposed area - wind erosion 30 

4 .  Storage p i l e s  
Coal 
Iron ore 
Stone materials 
Other materials 

24 
120 

25 
44 

29 
37 

'3 
. .  

2 
10 

2 
4 - 

Total a l l  open sources 1,160 100% 

. 
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4.4 SURVEY RESULTS FOR PLANT D 

This  s ec t ion  presents  t he  r e s u l t s  of  a survey of open dus t  sources a t  a 
Survey r e s u l t s  r ep resen ta t ive  i ron  and s t e e l  p l a n t ,  designated a s  P lan t  D. 

and procedures a r e  given below f o r  each source category.  

4.4.1 Vehicular  T r a f f i c  . 
Table 4-17 l i s t s  source ex ten t ,  emission f a c t o r  co r rec t ion  parameters,  

and c a l c u l a t e d  emission r a t e s  for  s p e c i f i c  unpaved roads ly ing  within the  
proper ty  boundaries of  Plant  D.  
boundaries .  

The p l an t  had no paved roads wi th in  i t s  

The experimental ly  determined emission f a c t o r s  for  unpaved roads given 
i n  Table 4-1 were used t o  c a l c u l a t e  f u g i t i v e  dus t  emissions.  The appropr ia te  
measure o f  source ex ten t  is  vehicle-miles  t r a v e l e d .  

Source Extent--  

t ypes ,  and mileage t r ave led :  
The following s t e p s  were used t o  develop the  inventory o f  roads ,  veh ic l e  

1. Unpaved road segments with s p e c i f i c  sur face  and t r a f f i c  c h a r a c t e r i s -  
t i c s  were i d e n t i f i e d  by p l an t  personnel,  and the length o f  each segment was 
determined from a map of t h e  plant. '. . .  

2 .  The types 'and  sizes of t h e ' v e h i c l e s  t r a v e l i n g  on unpaved roads were 
s p e c i f i e d  by p l an t  personnel.. . .  

3. Figures  on t h e  d a i l y  mileages t r ave led .by  each veh ic l e  type were f u r -  
nished by p l an t  personnel.  

A l l  of t he  roads  a t  P lan t  D boundary are s l a g  surfaced.  As ind ica ted  in  
These Table 4-17, t o t a l  unpaved road mileage wi th in  t h e  p lan t  i s  10.6 miles .  

roads were ind ica t ed  t o  be i n  good cond i t ion  throughout t h e  p l an t  and t o  be 
r e g u l a r l y  maintained. 

Vehicular  t r a f f i c  a t  Plant  D w a s  comprised o f  three bas i c  vehic le  types:  

?: Type A - l i g h t  du ty ,  36 veh ic l e s  (automobiles and pick-up t rucks  wi th  
3-ton average weight).  

Type B - medium duty ,  22 veh ic l e s  ( f l a t b e d s  and o ther  medium-sized 
t rucks  with 15-ton average weight ) .  

*. 

* Type C - heavy duty ,  6 veh ic l e s  ( l a r g e r  t rucks  wi th  30-ton average 
weight).  

. 
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. .  . ... . 
As indica ted  by p l a n t  personnel,  these  v e h i c l e s  t r a v e l  over a l l  the.  un- . .  . .  

. .  paved roads i n  the p l an t .  Thus, no s p e c i f i c  p l a n t  road segments were i d e n t i -  
f i e d  a s  having higher  than average t r a f f i c  volumes. 

I .  ., . *  ... , 

Correc t ion  Parameters-.- 

was not 
which t o  determine s i l t  con ten t .  Therefore ,  a s i l t  content  o f  10% f o r  the  
road sur face  ma te r i a l  was assumed. Average veh ic l e  speed was estimated by 
p lan t  personnel and t h e  number of d 

Because of adverse weather condi t ions  du r ing  the time o f . t h e  survey,  it 
poss ib le  t o  ob ta in  r ep resen ta t ive  samples o f  road surface d u s t  from 

, i  

days per  year  for  t he  plant  l o c a l e  was j Y /  
i determined from the  Cl imat ic  Atlas.- 

4.4.2 Storage P i l e  A c t i v i t i e s  

Source Extent--  

primary aggregate ma te r i a l s  at  Plant  D .  
(a)  d i scuss ions  wi th  plant  personnel,  (b) p l an t  s t a t i s t i c s  on q u a n t i t i e s  of  
ma te r i a l s  consumed, and (c) f i e l d  e s t ima t ions  during t h e  plant  survey. 

Table 4-18 g ives  d a t a  on the ex ten t  o f  open s torage  opera t ions  involving 
This information was developed from 

During t h e  survey, weather condi t ions  prohib i ted  the c o l l e c t i o n  of  r ep re -  
senfar ive  samples of the stnrage mate r i a l s  t o  be  analyzed f o r  s i l t  content .  
S t o r a g e . p i l e  s i l t  w n t e n t  va lues  were assumed t o  be the same a s  the values  
obtained f o r  s i m i l a r  materials previously s i z e d  a t  o the r  s t e e l  p lan ts .  . .  

'Table 4-18 a l s o  presents  t he  emission f a c t o r s  f o r  the open' s t o r a g e  of  
primary aggregate m a t e r i a l s  used i n  P lan t  D.  : The r a t i o n a l e  for  t he  use o f  
the emission f a c t o r  expression (Table 4-1) f o r  each opera t ion  is given below. 

I 

The method of loading onto s torage p i l e s  i t  Plant  D cons is ted  of  u t i l i z -  
ing front-end loaders  f o r  t h e  coke breeze and screened s tone p i l e s ;  a s tacker  
f o r  the i ron  p e l l e t  p i l e s ;  and an .overhead gantry/clamshel l  bucket for  t he  
screened iron o r e ,  l a r g e  s tone ,  and for  t h e  c o a l  p i l e s .  Therefore;  Equation 

. ( 3 )  from Table 4-1 was used t o  c a l c u l a t e  emissions from load-in using f ron t -  
end loade r s  and clamshel l  buckets ,  and Equation (4) was used f o r  the s t a c k e r .  

Vehicular t r a f f i c  around s torage.  pilea. at P1ant.D was genera l ly  less in- .. , 

t ense  than t r a f f i c  around emiss iondes t ed  aggrega te  s torage p i l e s ,  c o n s i s t -  
ing of t ruck  and high-loader movements a s soc ia t ed  with load-in and load-out.  
Stored aggregate ma te r i a l s  assigned a reduced t r a f f i c - r e l a t e d  a c t i v i t y  f ac to r  
were : 

Screened i ron  o r e :  K = 0 (no vehicular  t r a f f i c )  

Iron ore  p e l l e t s :  K = 0.25 

. 
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Coal:  K = 0.25 

Large s tone:  K = 0.25 

The coke breeze  and screened s tone s to rage  p i l e s  a t  Plant  D were worked 
i n  a manner s i m i l a r  t o  the  emission-tested aggregate and were thus  assigned 
a K-factor  of 1. 

, 

- - -  __ _ _ ~  - 
Equation (6) i n  Table 4-1 was used t o  c a l c u l a t e  emissions from wind ero-  

sion of  s to rage  p i l e s  a t  P lan t  D .  The emission f a c t o r  f o r  wind eros ion  from 
i r o n  o re  pe l le t  p i l e s  was mul t ip l ied  by 0.2 t o  account f o r  the lack  of  s a l t a -  
t i o n  s i z e  p a r t i c l e s  requi red  f o r  the e ros ion  process.- 32 / 

The methods of  loading-out (reclaiming) from t h e  p i l e s  a t  P lan t  D con- 
s i s t e d  o f  u t i l i z i n g  e i t h e r  a front-end loader  pick-up and drop i n t o  a conveyor 
b i n  ( coa l ,  o r e  p e l l e t s ,  coke breeze,  and s tone p i l e s )  or a gant ry lc lamshel l  
removal and dump i n t o  a r a i l  hopper c a r  ( i r o n  ore) which r e l eased  the  ma te r i a l  
on to  an underground conveyor. Equation (7) i n  Table 4-1 was used t o  calcu- 
l a t e  emissions from load-out .  

. .  

Correc t ion  Parameters-- 

from l abora to ry  ana lys i s  o f  samples of  s t o r e d  ma te r i a l s  or were est imated.  
Duratioh o f  s torage  f o r  each mater ia l  was est imated by p lan t  personnel.  
Loader bucket s i z e s  were est imated by MRI personnel.  Cl imat ic  co r rec t ion  " 

parameters (mean wind speed = 9.3 mph, dry days.  pe r ' yea r  = 255, and per- 
centage of  time t h a t  t h e  wind speed exceeds 12 mph = 25) were-obtained from 
t h e  Cl imat ic  Atlas.21.l 

4 .4 .3  

Values f o r  aggregate s i l t  content  and moisture content  were obtained 

These co r rec t ion  f a c t o r s  a re  given i n  Table 4-19. 

Wind Erosion of  Exposed Areas - 
...: . ., Unsheltered a reas  of  exposed ground around p lan t  f a c i l i t i e s  a r e  sub jec t  

. .  t o  atmospheric dus t  generat ion by wind e ros ion ,  whenever the wind exceeds the 
threshold  ve loc i ty  o f  about 12 mph.g/ 

' boundaries o f  P l a n t  D was estimated t o  be 10% of  the plant  property,  based on 
d iscuss ions  wi th  p lan t  personnel during the  p lan t  survey. To account f o r  t he  
s h e l t e r i n g  e f f e c t  o f  bu i ld ings ,  t he  e f f e c t i v e  exposed a rea  was taken t o  be 

The exposed ground a rea  wi th in  the  

,.. . 
' 

' '  7.5% o f  the p lan t  property.  . . . . .  . . .  . .  . 

A s  ind ica ted  i n  Table 4-1, t h e  parameters which inf luence the amount of  
dus t  genera t ion  by wind e ros ion  'are su r face  e r o d i b i l i t y ,  s i l t  content  o f  the 
su r face  m a t e r i a l ,  P-E Index, and f r a c t i o n  of t h e  time wind speed exceeds 1 2  
mph. The soil e r o d i b i l i t y  f ac to r  (47) and t h e  sur face  s i l t  content  (159.) 
were der ived from previous s ieving o f  s i m i l a r  sur face  s o i l  ma te r i a l s  a t  an- 
o the r  s t e e l  p l an t .  Thornthwaites P-E Index f o r  Plant  D was determined t o  be 
93.29' 

* 

F i n a l l y ,  t h e  va lue  f o r  t h e  f r a c t i o n  of time t h e  wind speed was g r e a t e r  
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than 1 2  mph (25%)  was obtained from weather records.21' The r e s u l t s  from 
wind e ros ion  of P lan t  D's exposed a reas  are presented in  Table 4-20. 

4.4.4 Summary o f  D u s t  Emissions 

. .  

A breakdown of ca l cu la t ed  emissions from open dus t  sources  a t  Plant  D 
i s  presented i n  Table 4-21. The l a r g e s t  con t r ibu t ing  sources were unpaved 
roads (68%). Emissions from p l a n t  s torage p i l e s  were next i n  magnitude (30%) 
Wind e ros ion  of  exposed a r e a s  was r e l a t i v e l y  i n s l g n i f i c a n t .  

I 
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1 TABLE 4-21. PIANT D: SUMMARY OF OPEN DUST SOURCE EMISSIONS 

Major dust contributors 
Suspended particulate  Percentage 

emissions (tons/yr) of t o t a l  

1. Unpaved Roads 1,280 68 

2 .  Wind erosion - exposed areas 

3 .  Storage p i l e s  
Low-high v o l a t i l i t y  coal  
Iron ore p e l l e t s  
Screened iron ore 
Coke breeze 
Stone p i l e s  

38 

35 
3 10 
150 
20 
57 - 

2 

2 
16 
8 
1 
3.. - 

Total a l l  open sources 1,890 100% 

I . '  

. : . .  

.. . .  
, . . .  
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SECTION 5.0 

CONTROL TECHNOLOGY FOR PROCESS SOURCES 

This  sec t ion  presents  an assessment of b e s t  a v a i l a b l e  c o n t r o l  tech- 
nology f o r  process sources  of f u g i t i v e  emissions a s s o c i a t e d  with i n t e g r a t e d  
i ron  and s t e e l  plants .  Information f o r  t h i s  assessment was obtained from: 
( a )  published and unpublished l i t e r a t u r e ;  (b )  knowledgeable personnel w i th in  
t h e  i r o n  and s t e e l  indus t ry  armd wi th in  EPA; ( c )  surveys of r e p r e s e n t a t i v e  
i ron  and s t e e l  p l a n t s  and (d )  c o n t r o l  equipnent manufacturers. 

' 

In  the  sec t ions  below, c o n t r o l  system opt ions  a r e  presented f o r  t he  f o l -  
lowing process sources of f u g i t i v e  emissions: 

S t e e l  Making Furnaces 

E l e c t r i c  Arc Furnaces (charging, tapping,  slagging and leakage) 

* Basic Oxygen Furnaces (charging, tapping,  slagging and leakage) 

not  Metal T rans fe r  

Teeminq 

Other Sources 

- Gas Cutt ing Operations 

S i n t e r  P l a n t s  

. Desulfur izat ion S t a t i o n s  

Open hear th  furnaces have been excluded from t h i s  d i scuss ion  s ince  these  f u r -  
naces a r e  gradual ly  being phased out  of t he  industry.  

Control opt ions (presented f o r  each source include both emissions cap- 
t u r e  and p a r t i c u l a t e  removal aspec ts .  Expected performance and c o s t  da ta  a r e  
given f o r  each, a l t e r n a t i v e .  Some opt ions  a r e  based on a c t u a l  i n s t a l l a t i o n s  
while. o t h e r s  a r e  promising i n  concept but have not been demonstrated f u l l y .  
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. .  Information on e x i s t i n g  i n s t a l l a t i o n s  was obtained from the  l i t e r a t u r e  . .: 
and from l imi ted  c o n t a c t s  with knowledgeable indus t ry  personnel. This  informa- 
t i o n  i s  not  meant t o  represent  an indus t ry  wide p r o f i l e  of c o n t r o l  prac t ices .  

To the  e x t e n t  t h a t  source opera t ions  va ry  from plan t  t o  p l a n t ,  i t  i s  
l e s s  l i k e l y  t h a t  a s i n g l e  c o n t r o l  option would be most s u i t a b l e  f o r  uniform 
a p p l i c a t i o n  throughout t h e  industry.  Added t o  this  i s  t h e  need f o r  determining 
' t he  degree t o  which ind iv idua l  f u g i t i v e  sources  a t  a given p l a n t  a r e  t o  be 
c o n t r o l l e d  i n  o rde r  t o  meet p l an t - spec i f i c  c o n t r o l  s t r a t e g y  objec t ives .  The 
most c o s t - e f f e c t i v e  c o n t r o l  s t r a t e g y  f o r  a p a r t i c u l a r  p lan t  e n t a i l s  t h e  a p p l i -  
c a t i o n  of t h e  most e f f i c i e n t  c o n t r o l s  t o  the  l a r g e s t  cont?:.uting sources. 

5.1 ELECTRIC ARC FURNACES 

.- .. .- 

Fug i t ive  emissions assoc ia ted  with an electric a r c  furnace (EAF) a r e  
those unducted emissions which a r e  emitted t y p i c a l l y  from charging, tapping 
and slagging. Electrode leakage c o n s t i t u t e s  a less t y p i c a l  source. When d i -  

' ,  r e c t  s h e l l  evacuation (DSE) cannot be used, m e l t  down and r e f i n i n g  a r e  a l s o  
s i g n i f i c a n t  sources of f u g i t i v e  emissions. 

Only p a r t  of t h e s e  f u g i t i v e  m i s s i o n s  a c t u a l l y  a f f e c t  ambient a i r  qual- 
i t y .  Exc luded ' i s  t h e  por t ion  of t he  f u g i t i v e  m i s s i o n s  which a r e  too  l a r g e  t o  
escape i n  buoyant c u r r e n t s  through t h e  bu i ld ing  roof monitors and which s e t -  
t l e  back t o  t h e  shop f l o o r  c r e a t i n g  a nuisance problem. Most o f  t he  emissions 
c l a s s i f i e d  a s  f i n e  p a r t i c u l a t e  ( p a r t i c l e s  smaller than 5.pm i n  diameter) w i l l  
escape the  bui lding monitor and impact t h e  ambient a i r  q u a l i t y  of f  t h e  p lan t  
premises. 

'' 

,. . . 

. .  . 
8 . .  . Several  c o n t r o l  op t ions  ' a r e  l i s t e d  i n  Table 5-1 and ' a r e  discussed below. . .  

These c o n t r o l  op t ions  apply s o l e l y  t o  the  EAF. Other EAF shop sources and 
t h e i r  c o n t r o l s  a r e  discussed elsewhere i n  uh1.s repor t .  '. . _  

. .. . 5.1r l  Option A: Building Evacuation 

A s  shown i n  Figure 5-1, bui lding evacuation systems use the  sealed roof 
.. .: .. of t h e  melt  shol, a s  a c o l l e c t i o n  hood. Buoyant exhaust gases r i s e  from t h e  

furnace t o  t he  sealed roof. From the  roof ,  d u c t s  draw the  dust-laden gases  
t o  a ranoval device.  I f  t h e  removal device cannot handle  t h e  volume o f  gas 

a c t s  as a holding chamber u n t i l  t he  flrmes can b e  evacuated. 

Extent of Applicat ion-  

documented f o r  four  a l l o y  s t e e l  producing facil i t ies.-/  

.. . 
I :. 

. .  generated a t  c e r t a i n  peak per iods i n  t h e . p r o c e s s ,  t he  enclosed roo f . s imply  . .  

Current ly ,  t he  use of bui lding evacuation systems f o r  EAF emissions i s  

a 

. 
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TABLE 5-1. SUMWRY OF EAF CONTROLS 

Roof Furnace Type of emission 
Control monitor type c o n t r o l l e e l  

DSE 

DSE + Canopy'Hood 

DSE + Canopy Hood + 
scavenger duct 
a t  roof 

DSE + Building Evacuation 

Canopy Hood 

Canopy Hood + scavenger 
duct at roof 

B u i  ld ing  Evacuation 

To ta l  Enclosure 

Tapping and s lagging 
l a d l e  hoods 

Hooded scrap  bucket 
(conceptual idea)  

Open 

open 

Closed 

Closed 

Open 

Closed 

Closed 

Open 

Open, 
Closed 

open, 
Closed 

Carbon 

Carbon 

Carbon 

Carbon 

Alloy 

Alloy 

Alloy 

Carbon 

Alloy,  
Carbon 

Alloy,  
Carbon 

Primary 

Primary, 
Fug i t ive  

Primary, 
Fug i t ive  

Primary , 
Fug i t ive  

Primary, 
Fug i t ive  

Primary, 
Fug i t ive  

Primary, 
Fug i t ive  

Primary, 
Fug i t ive  

Fug i t ive  

Fug i t ive  

- aJ primary emission - emissions during meltdown. . 
, . .  

. . .. 
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Clean Air 
Exhaust &IS 

. .: 

3 5 1  . ,  
Figure 5-1. Building evacuation system.- 

. , . .  
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Problems Associated with Application-- 

r a t e s  involved. T h i s  problem is due i n  p a r t  t o  t h e  need f o r  the bui lding 
evacuation s y s t w  t o  handle not  only t h e  f u g i t i v e  fumes and gases  from the 
EAF but a l s o  the  n a t u r a l  v e n t i l a t i o n  required t o  maintain t h e  workroom envi- 
ronment. Important v a r i a b l e s  i n  t h e  workroan environment a f f e c t e d  by t h e  flow 
r a t e  of a bui lding evacuation s y s t w  a r e  temperature and p o l l u t a n t  concentra- 
t ions .  P o l l u t a n t  concen t r a t ions  in  t h e  workroom env i romen t  a r e  now regulated 
by the  1970 Threshold L i m i t  Values (TLV'S) proposed by t h e  ACGIH and adopted 
by OSHA. 

One very obvious p r o b l w  with bui lding evacuation i s  the  enormous flow 

. .  

The f i r s t  disadvantage of bu i ld ing  evacuation i s  t h e  high flow r a t e  nec- , 

. .. 

.... 
essary  f o r  adequate cont ro l .  Canopy hoods w i t h . =  open roof monitor 'can re -  
duce t h e  flow r a t e  by h a l f  f o r  the same furnace s i z e ,  and canopy hoods with. 
DSE and an open roof monitor can be  expected t o  r e q u i r e  4077 o f , t h e  flow r a t e  
t h a t  bui lding evacuation would.361 Canopies use l e s s  flow r a t e  than bui lding 
evacuation because the  roof monitor handles  the a c t u a l  bui lding v e n t i l a t i o n  
while t he  canopy handles only t h e  EAF fumes and gas. Also, because t h e  canopy ' 

i s  c l o s e r  t o  the source than t h e  roof monitor, t h e  volume of fumes and gas 
from the EAF w i l l  be minimized s ince  the  buoyant gases  have l e s s  time t o  d i f -  
fuse and e n t r a i n  roan a i r  i n t o  t h e  plume. 

A second disadvantage o f  building evacuation r e l a t e d  d i r e c t l y  t o  the 
high flow r a t e  is t h e  energy expended t o  move t h e  a i r  volume. EPA has  calcu-  
l a t e d  t h a t  a bui lding evacuation sys ten  handling 4,000 dscfm/ton of furnace 
capac i ty  coupled with DSE handling 350 dscfm/ton of furnace capac i ty  w i l l  re- 
qu i re  37.8 kw-hr of e l e c t r i c  energy per ton of furnace capac i ty .  On t h e  o t h e r  
hand, an 80" e f f i c i e n t  canopy hood handling 2,000 dscfm/ton of furnace capac- 
i t y  coupled with DSE handling 350 dscfm/ton of furnace c a p a c i t y  only requi res  
18.9 kw/hr p e r  ton of furnace capacity.361 Th i s  is 5G% reduct ion i n  energy 
u t i l i z a t i o n  when compared with bui lding evacuation, and ye t  t h e  canopy-DSE 
combination y i e l d s  t h e  same t o t a l  emissions (EAF and power p l a n t )  a s  t h e  
bui lding evacuation-DSE combination.361 

The t h i r d  disadvantage of bu i ld ing  evacuation i s  t h a t  environmental prob- 
lems can a r i s e  i n s i d e  t h e  t i g h t l y  enclosed bui lding i f  ( a )  t h e  c o n t r o l  equip- 
ment malfunctions o r  ( b )  t h e  v e n t i l a t i o n  p a t t e r n s  a r e  such t h a t  s tagnant  spots  
occur par ere p o l l u t a n t s  can b u i l d  up. The f i r s t  problem can be handled with 
motor-operated louvers  i n  t h e  bui lding monitor. The second problem i s  a mat te r  
of proper design of forced o r  n a t u r a l  a i r  i n l e t s  i n t o  t h e   building.-^-------. .. 

A f i n a l  disadvantage of bu i ld ing  evacuation i s  t h a t  i n  r e t r o f i t t i n g ,  t h e  
design may produce a v e n t i l a t i o n  r a t e  lower than the  shop o r i g i n a l l y  had under 
n a t u r a l  v e n t i l a t i o n  condi t ions.  Th i s  w i l l  reduce the  in-shop a i r  q u a l i t y  while 
improving t h e  ambient air qual i ty .  
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Control Device Performance- 

Source t e s t s  were performed by t h e  U.S. EPA on four  bui lding evacuation 
systems u t i l i z e d  t o  control a l l o y  s t e e l  furnaces. Flow r a t e s  were found t o  
range from 3,300 dscfm/ton o f  furnace capaci ty  t o  4,200 dscfm/ton of furnace 
capac i ty=/  It was suggested t h a t  5,000 dscfm/ton of furnace capac i ty  would 
be more r e p r e s e n t a t i v e  of t h e  indus t ry  a s  a w h o l e a l  

. , I  

. 

I 
I 

Building evacuation systems a r e  nea r ly  100% e f f i c i e n t .  The baghouse t o  
which one of these systems was vented has  been quant i f ied  as 94% e f f i c i e n t & /  
but  MRI expects  t h a t  99%+ e f f i c i e n c y  i s  possible .  

The maintenance of t h e  capture  por t ion  of t h e  bui lding evacuation system 
i s  minimal s i n c e  the  capture  port ion c o n s i s t s  s i m p l y  of an enclosed roof 
vented through ducting. It i s  p o s s i b l e  t h a t  s e t t l e d  dust  i n  t h e  ducting would 
need t o  be removed occasional ly .  The removal port ion of t he  bui lding evacua- 
t i on  system, c o n s i s t i n g  of baghouse, fans ,  motors and dust handling equipment, 
w i l l  r equi re  r o u t i n e  maintenance such a s  bag replacanent ,  l ub r i ca t ion ,  bear- 
ing replacement, fan motor replacement and fan housing l i n i n g  replacement. 

Control Device Cost-- 

system for a shop with t h r e e  100-ton furnaces. A t  5,000 dscfm/ton Of furnace 
capac i ty ,  the f a b r i c  f i l t e r  removal system was est imated t o  handle 1.5 m i l -  
l ion  scfm. The t o t a l  i n s t a l l e d  c o s t s  a r e  s h a m  i n  Table 5-2. Since t h e s e  
data  a r e  1974 c o s t  da t a ,  t h e  values  were adjusted to  r e f l e c t  esca la t ion  using 
t h e  Chemical Engineering p l a n t  cost index. This  index has been reconmended 
t o  handle t h e  i n f l a t i n g  c o s t s  of air  pol lu t ion  c o n t r o l  equipment.%/ 

Data have been p u b l i s h e d 2 1  est imat ing the  cos t  of a bu i ld ing  evaucation 

There a r e  some general  conclusions t h a t  can be  gleaned from an a n a l y s i s  
of t he  cos t  d a t a  presented i n  Table 5-2, but  one should not  m e d i a t e l y  ap- 
p l y  these  conclusions t o  t h e  determination of c o s t s  f o r  o t h e r  systems without 
giving proper cons ide ra t ion  t o  t he  d i f fe rences  Inherent  i n  each system. Add- 
ing the  gas gleaning equipment c o s t  and t h e  a u x i l i a r y  equipment c o s t ,  t he  
t o t a l  i n s t a l l e d  c o s t  f o r  t h e  baghouse and i t s  a c c e s s o r i e s ,  a s  l i s t e d  i n  Table 
5-2, i s  approximately $2.50/scfm. The t o t a l  i n s t a l l e d  cos t  of t he  ductwork 
a s  of December 1976 i s  $0.70/scfm, but t h i s  a m u n t  is obviously a l s o  sensi-  
t i v e  t o  t h e  length,  diameter and wal l  thickness  of ductwork required t o  reach 
t h e  removal device. There a r e  severa l  o ther  c a p i t a l  investments i n  addi t ion  
t o  t h e  gas  gleaning equipment, ductwork, fans  and motors which a r e  d i f f i c u l t  
t o  gene ra l i ze  about ,  except t o  mention t h a t  any es t imate  of t o t a l  p ro jec t  
c o s t  must consider  t h e  following: engineering, bui lding modif icat ion,  duct- 
work support ,  s i t e  preparat ion,  foundations,  piping,  e l e c t r i c a l  and i n s t r u -  
mentation. 
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TABLE 5-2. ESTIMATED TOTAL INSTALLED COSTS--BUILDING EVACUATION 
( f o r  three 100-ton furnaces and an evacuation r a t e  
of 1 . 5  x lo6 scfm) 

Xnfla-  
rim Oacenber 1976 June 1973 

cost ( I )  l l l " * S - d l  COSL ( I )  multiplier 

cas cleaning d d c e  
BH ulbagr 

Subtotal  

Awrilinry equipment 
sxw conveyor d d r i v e  
Bucket devacor  v ldrfve  
h s c  storage silo 
Rotating drwn C Q t B L Y  

valve uldriva  
canopy 
0Lovar v ldr ive  
Electric vibrators 

vldrive  

Subrocal 

Dustwork, utilities 
Ducmrk 

Pipins 

inrcrumancation 

El.cCrica1 

Lighting 

Subtotal 

rota1 

1,969,900 

1,969,900 

42,500 
7 I 200 

19,800 

68,100 
90,600 

419,000 

3,000 

650,200 

738,200 

1 ,300 

3 176,500 

786,000 

262,000 

1,964,500 

366,800 

612,600 
91,700 

59,600 
Lj.800 

976,500 

5,561,100 

143.0 2,369,600 

2,869,400 

61,900 

28.300 
10,500 

99 ,200  
132,000 
610 ,300  

4,400 

947.100 

1,075,300 
i'1.0 .._.. 

2.300 
151.7 w 238,700 
146.9 

1, L46.100 
105.2 

382,000 
105.2 

2.344, PO0 

L33,SOO 
12P.8 

&12,600 
91.700 
L5.300 
67,300 

155.6 

l , 'J51 ,700 

7,713,100 
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5.1.2 Option B: Canopy Hoods 

. Canopy hood cap tu re  devices  i n  conjunct ion with f a b r i c  f i l t e r  removal 
devices  c o n s t i t u t e  e f f e c t i v e  systems f o r  ( a )  primary and f u g i t i v e  emissions 
from a l l o y  furnaces ,  (b)  f u g i t i v e  emissions from carbon steel  furnaces  using 
DSE and (c) primary and f u g i t i v e  emissions i n  carbon steel  shops without DSE. 
Canopy hoods can be  employed with either open or c losed  roof openings. When 

c o l l e c t  i n  t h e  roof a rea .  Figure 5-2 d e p i c t s  a canopy hood con t ro l  system 
coupled wi th  a novel app l i ca t ion  of an enclosure,  no t  t y p i c a l l y  found i n  con- 
junc t ion  w i t h  a canopy hood. 

roof openings are c losed ,  a scavenger system i s  used t o  remove emissions t h a t  I* 

The major advantage of t h e  canopy system' i s  t h a t  i t  can be operated with 
l e s s  a i r  volume than i s  requi red  f o r  bu i ld ing  evacuation because it i s  nea re r  
t o  t h e  source. Th i s  reduced volume requ i r e s  a less c o s t l y  i n i t i a l  investment 
and r e s u l t s  i n  reduced opera t ing  cos ta .  However, i f  n o t  operated a t  a s u f f i c i -  
en t  flow r a t e  t o  handle  peak emission of gases  and fumes, canopy hoods with 
open roof monitors  a r e  less e f f i c i e n t  i n  cap tu r ing  emissions than are bui ld-  
ing  evacuation systems. 

Extent o f  Applicat ion--  

canopy hood systems. u' These 1 2  systems represent  25 t o  30% o f  t h e  ex i s t -  
ing canopy hood systems appl ied t o  EAFs. Three o the r  systems were loca ted  
during t h e  course  of t h i s  research p ro jec t .  The 0perating.characteristics . 
of  these  example systems a r e  shown i n  Table 5-3. 

There a r e  n ine  separa te  opera t ing  i n s t a l l a t i o n s  documented a s  having 

Problems Associated wi th  Application-- . .  

When canopy systems a r e  not s i zed  t o  handle  peak generat ion of  fumes and 
gases ,  p a r t  o f  t he  plume escapes t h e  canopy and 'ga thers  in t h e  roof .  ' I f  t he  . 

monitors a r e  open, t h e  emission escapes;  i f  the monitors a r e  c losed ,  the emis- 

plume t o  move from under t h e  canopy, causing something less than 100% capture  

;, < 

. s i o n  is co l l ec t ed  by a scavenger.system. Crosscurrents  may a l s o  cause the 

. e f f i c i ency .  ' . .  

F i n a l l y ,  r e t r o f i t t i n g  a canopy hood may present  problems simply from a 
space point  o f  view. 
least 30 t o  40 f t  i s  necessary  between the.  t o p  of t h e  . furnace and the bottom .. . 

of  t h e  canopy t o  allow f o r  charging or t apping  c rane  clearance.  There could 
be  s i t u a t i o n s  i n  which t h e  space between t h e  top of t h e  c rane  and t h e  nea res t  

General ly ,  f o r  a t o p  charged furnace,  a d i s t ance  of  a t  
. 

overhead obs t ruc t ion  would not  be adequate f o r  canopy i n s t a l l a t i o n .  * 

Cont r o  1 Device Performance--, 

1,500 t o  8,000 dscfmlton of furnace capac i ty .  The cap tu re  e f f i c i ency  of t h e  
canopy system i s  n o t  known quan t i t a t ive ly ,  bu t  v i s u a l  es t imates  have placed 

Actual  flow r a t e s  f o r  canopy hoods have been measured i n  a range from 

II 
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it between 50 and 9 O X . g ’  
Warren f a c i l i t y  were guaranteed t o  c o l l e c t  a t  l e a s t  65% of the  combined 
pr imary  and f u g i t i v e  emissions. Th i s  value was v e r i f i e d  by both v i s u a l  obser- 
va t ion  and comparison of t h e  dust  captured by a DSE on a s imi la r -s ized  fur -  
nace (assuming 100” capture)  and t h e  dust captured by the  canopy. 

Control Device Cost- 

v a r i a b l e s ,  including t h e  t o t a l  flow r a t e  handled by t h e  system. In t h i s  sec- 
t ion,  c o s t  da ta  f o r  system flow r a t e s  ranging from 440,000 scfm t o  2,100,000 
acfm a r e  presented. The f i r s t  new system t o  be considered here  handles a flow 
r a t e  of 440,000 sc fm.g /  Th i s  was a proposed s y s t e m  and it  may not  have been 
b u i l t  and a c t u a l l y  used. The c o s t  e s t ima te  made in 1974 was $1.5 m i l l i o n  f o r  
baghouse, duct ing,  i n s t a l l a t i o n  of hoods and enclosing of monitors.  In addi- 
t i on ,  t he  c o s t  f o r  bui lding modif icat ion t o  support ductwork and hoods was 
est imated a t  $0.75 mi l l ion .  The c o s t  was not a f i rm b i d  a s  evidenced by the  
f a c t  t h a t  o t h e r  major items such a s  engineering and c o n t r a c t o r ’ s  f e e s  were 
not  included. 

The canopy hoods on t he  a l l o y  furnaces a t  J&L’s 

The t o t a l  c a p i t a l  investment f o r  a canopy system is s e n s i t i v e  t o  severa l  

., 

The second system t o  be considered handles a flow r a t e  o f  750,000 scfm 
for  a t h r e e  100-ton furnace.39’ 
so l e ly  f o r  cos t  a n a l y s i s  purposes. The c o s t s  f o r  t h i s  system a r e  l i s t e d  i n  
Table 5-4.  Cer ta in  general  conclusions can be drawn concerning the cos t  of 
t h i s  s p e c f f i c  system. In December 1976, t h e  i n s t a l l e d  c o s t - f o r  t h e  baghouse 
and a u x i l i a r y  equipment was $3.25 scfm, while t he  t o t a l  i n s t a l l e d  c o s t  f o r  
t h e  ductwork and u t i l i t i e s  was $2.70 scfm. 

This was a t h e o r e t i c a l  system developed 

The l a s t  system t o  be considered i s  capable of flow r a t e s  of 2,100,000 
acfm. This  is a r e t r o f i t  system and it is now in operat ion.  The system was 
designed t o  handle emissions from one shop w i t h  four  170-ton EAF’s. The c o s t s  
of separa te  components of t h i s  system a r e  shown in Table 5-5. 

Sane general  conclusions t h a t  can b e  gleaned by studying the  c o s t  break- 
down i n  Table 5-5 are:  t h e  baghouse c o s t  i n  December 1976 was $1.70/acfm; the 
a u x i l i a r y  equipment c o s t  $O.So/acfm and the  hoods and ductwork c o s t  $1.50/acfm 
t o  purchase and i n s t a l l .  The o v e r a l l  p r o j e c t  c o s t  was $7.20/acfm. 

5.1.3 Option C: TotaL Enclosure 

-- 
ToTal -enclosure, which c o n s i s t s  of completely enclosing the furnace down 

t o  t h e  operat ing f l o o r ,  i s  a very r e c e n t l y  appl ied technology f o r  c o n t r o l l i n g  
f u g i t i v e  emission from EAF’s. The technology of t o t a l  enclosure had i t s  o r i g i n  
i n  BOP (Basic Oxygen Process)  and QBOP furnace emission c o n t r o l  a p p l i c a t i o n s ,  
but  i t  has  been successfu l ly  appl ied  t o  EAF’s by Obenchain Corporation. The 
enclosure captures  a l l  charging, meltdown and r e f i n i n g  emissions. The tapping 
l a d l e  i s  moved t o  the  furnace by r a i l c a r ,  and missions f r a n  t h i s  source a r e  
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TABLE 5-4. ESTIMATED TOTAL INSTALLED COSTS--CANOPY HOODS ., 
AND REMOVAL SYSTEMSd ( fo r  th ree  100-ton 
a l loy  furnaces and a flow r a t e  of 750,000 
SC fmy 

@ 

June 1973 I n f l a t i o n  December 1976 
Investment b! cos t  ($1 mul t ip l i e r  cos t  ($1 

Baghouse 

Auxi 1 i a ry  e quipmen t 

1,246,200 208.3 1,815,300 
143.0 

440,300 - 208.4 641,400 
143.0 

Ductwork, u t i l i t i e s  1,321,400 - 217.0 2,022,200 
141.8 

Engineering, overhead 700,900 w 828,900 
1’29.8 

Tot81 3,708,800 5,307,800 .. 

- a/ No DSE. 

- b l  Does not  include s t r u c t u r a l  support for the  ductwork o r  bui lding 
o r  s i t e  preparat ion.  
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TABLE 5-5.  ACTUAL TOTAL INSTALLED COSTS--CANOPY HOODS AND 
REMOVAL SYSTEM ( for  four 170-ton carbon 
s t e e l  furnaces and a f low capacity o f  
2 ,100,000 acfm) 

Aprll 1975 Inflacion December 1976 
Iwarfmant cosc ( t )  mult ip l i er  c o s t  ( S )  

Dust c o l l a c t o r  

3,198,000 1 
I 

Baghouse 
Concrate wrk 
Wxi1ia-y ducts ,  feederr 

i\uxil1ary eqU1pmmt 

967,000 

259,000 
335,030 

5 Fans and accessories 
1 n ~ c o r d /  
Concrete w x k  
Dust conveying system 
P s l l c t i d n g  unit 

Hoods and ductvork 
arctvorlc-origina1 
Ductwork-modified 
Hwds 
Pain t1ng 
k=pr. 
Wanaton Jo in ts  

51.900,OOO 

I, 016,000 

mg1naertng 
Englnsering deilqn 1,385,000 

Buildlng IENCtUre and rupporr 
Hodlfy existing building 150,000 
Additions t o  existing 

Ductwork support structure 1,880,000 
(ItNCtYra 1,075,000 

Contractor', f.a 313,700 

C o n s C N C C i m  overhead 257,000 

e k t r i c a i  437,000 

Subtotal 13,172,700 

mher 762,300 

Total 13,935,000 

a.u 
193.0 

u 
193.0 

191.6 

uL2 
140.7 

175.5 

u 
166.6 

141.4 

3,521,000 

1,719,000 

1,170,000 

1,511,000 

3,413,000 

333,000 

257,000 

L74,OOO 

14,398.000 

762,300 

15,160,300 
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- _  con t ro l l ed  by a s t a t i o n a r y  tapping l a d l e  hood. The s t a t iona ry  tapping l a d l e  

qui red  with t o t a l  enc losure .  
, '  i s  discussed i n  t h i s  r e p o r t  a s  a separa te  c o n t r o l  op t ion .  DSE is not re- , .  

Charging with a t o t a l  enclosure surrounding t h e  furnace p resen t s  a for -  
midable but n o t  insurmountable design problem. Doors a r e  i n s t a l l e d  through 
which a c lamshel l  sc rap  bucket can en ter .  There is a s l o t  i n  t h e  top  of t h e  
enc losure  t o  a l low crane  cab le  c learance.  Af t e r  t he  c rane  and t h e  bucket en- 
t e r  t h e  enclosure,  t h e  doors a r e  c losed  and an air c u r t a i n  i s  engaged ac ross  
t h e  c r a n e  cab le  c learance  s l o t .  The primary evacuation duc t s  i n  t h e  top  of 
t h e  enclosure can then  cap tu re  near ly  1OVL of the  charging emissions. 

Extent of Application-- 

be  us ing  t o t a l  enc losures  on EAF's. The opera t ion  c o n s i s t s  of two 65-ton fu r -  
naces. Th i s  e n t i r e  shop w a s  a new design, n o t  a r e t r o f i t .  The shop has  been 
opera t ing  s i n c e  June 1976. 

Problems Associated with Application-- 

be  poss ib l e  i n  a ma jo r i ty  of cases, bu t  t h e  a p p l i c a t i o n  m e r i t s  i nves t iga t ion .  
The advantages could  ove r r ide  t h e  disadvantages such as opera t iona l  changes. 
For new designs,  however, t h i s  device should b e  inves t iga t ed  s ince  i t  y i e l d s  
h igh  e f f i c i e n c y  a t  low flow rates and consequent ly  o f f e r s  low cos t s .  

Based on the  l imi t ed  survey conducted, on ly  one opera t ion  i s  known t o  

The r e t r o f i t t i n g  of a c o n t r o l  device such a s  a t o t a l  enclosure may n o t  

~. 
Control  Device Performance-- 

ing.  I n s t a l l a t i o n  t ime was approximately 2' weeks per furnace enclosure.  The 
removal system h a s  a . c a p a c i t y  of i50,OOO scfm, and the  temperature in s ide  the  
enc losure  averages 150°F. This  i s  a very low flow when one cons iders  t h a t  
near ly  100% of t h e  meltdown, r e f i n i n g ,  charg ing ,  tapping,  s lagging and e l ec -  
t rode  leakage emissions a r e  captured. Not a l l  of  t he  flow capac i ty  .is used 
cont inuous ly ;  for  example, during meltdown on ly  70;OOO scfm i s  u t i l i z e d .  

The s p e c i f i c  enc losure  surveyed i s  made of unlined,  1/16-in.  s t e e l  shee t -  

. .  . .  
. .  , . .  
. .  : Control  Device Cost-- 

The purchase c o s t  was $200.000 each f o r  t h e  p a r t i c u l a r  t o t a l  enclosure . .. . 
considered i n  t h i s  repor t .  

. .  . .  , .. . .  . .  
5.1.4 O p t i o n  D: TappinR Ladle  Hoods 

. .  . .  . .  

i 

A r e l a t i v e l y  r ecen t  innovat ion i n  tapping  emissions c o n t r o l  i s  t h e  tap- 
ping l a d l e  hood. When tapping from an EAF w i t h  a tapping hood, the l a d l e  must 
be  moved t o  t h e  furnace  on a r a i l c a r .  The tapping  hood is stationary and t h e  
ra i lcar  moves the l a d l e  underneath the  hood. The hood extends a l i t t l e  below 
the top of t h e  l a d l e  on every  s i d e  except the s i d e  on which the l a d l e  enters 

. 

t h e  hood, and there i s  one s l o t  i n  t h e  t o p  through which the m e t a l  i s  poured. 1 _.. 
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The increased t i l t i n g  of  t he  furnace during tapping r e q u i r e s  t h a t  t he  ca r  ad- 
vance the  tapping l a d l e  forward. 
t h e  beginning t o  t h e  end of t h e  t a p .  

Extent of Application- 

but  t h e  same method has  a l s o  been appl ied  success fu l ly  t o  a t  l e a s t  two known 
hot  metal  t r a n s f e r  s t a t i o n s .  These l a t t e r  twu a p p l i c a t i o n s  a r e  d iscussed  i n  
d e t a i l  i n  another  sec t ion .  

In one case ,  t he  advance i s  3-112 f t  from 

There a r e  two known a p p l i c a t i o n s  of t h i s  method t o  tapping emissions,  

Problems Associated with Application-- 

operat ing problems. Care must b e  taken no t  t o  run the l a d l e  i n t o  t h e  back of 
t h e  hood. Also, t he  s l o t  i n  t h e  t o p  must be designed with s u f f i c i e n t  c l ea r -  
ance between it and the  molten s t e e l  stream t o  a l low f o r  f luc tua t ions .  These 
problems are very  elementary, but they have indeed occurred. 

Device Performance-- 
The flow r a t e s  necessary t o  c o n t r o l  tapping emissions a lone  a r e  unknown 

f o r  t h e  p a r t i c u l a r  i n s t a l l a t i o n s  now opera t ing ,  bu t  f o r  ho t  meta l  t r a n s f e r  
s t a t i o n s ,  a hood c losed  on a l l  s i d e s  and with a h o l e  only  i n  t h e  top  has  re- 
quired approximately 50,000 scfm t o  vent emissions properly.  Of course ,  t h e  
flow r a t e  depends on t h e  volume of m e t a l  tapped. Th i s  w i l l  be d iscussed  fur -  
t h e r  i n  t h e  hot  meta l  t r a n s f e r  s ec t ion  below. 

As with a l l  c o n t r o l s  mounted c l o s e  t o  t h e  source,  t h e r e  a r e  p o t e n t i a l  
. 

Control Device Cost-- 
The c o s t s  of tapping l a d l e  hoods a r e  unknown a t  this t i m e .  

5.1.5 Option E: The Hooded Scrap Bucket 

For emissions from the top charging of sc rap  from a c lamshel l  bucket 
i n t o  an E M ,  a hooded scrap bucket has  been proposed. Th i s  i dea  i s  s t i l l  i n  
t h e  conceptual s t a g e s  and has  not  ye t  been appl ied .  In opera t ion ,  t he  covered 
scrap bucket r e s t s  on t h e  furnace t o  provide a seal. Since t h e  t o p  of t h e  buc- 
k e t  i s  covered, t h e  emissions a r e  vented from a duc t  i n  t h e  s i d e  of t h e  buc- 
ket .  While t h e  bucket i s  r e s t i n g  on t h e  furnace,  t h e  duc t  from t h e  bucket can 
be connected wi th  a mated s t a t i o n a r y  duct .  This  s t a t i o n a r y  duct  can be vented 
t o  t h e  main gas  c leaning  system. P l a n t s  a r e  cons ider ing  the technique,  but 
a s  ye t  no one h a s  i n s t a l l e d  t h i s  op t ion .  

5.1.6 Option F: Process  Modif icat ions 

A process  change which could  a l l e v i a t e  charging emissions would be t o  
charge cleaned scrap. This  could b e  accomplished by passing t h e  scrap  through 
an induct ion  furnace  where any o i l y  coa t ings  would be vo la t a l i zed .  The induc- 
t i on  furnace provides  an atmosphere more e a s i l y  c o n t r o l l e d  than an EAF w i t h  
t h e  roof removed. 
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. .  . .  Another process  change which  has p o t e n t i a l  t o  a l l e v i a t e  charging emis- 
s ions  is t h e  charging of d i r e c t  reduced i r o n  o r e .  Like cleaned scrap,  this 
presents  t h e  advantage of introducing a cold  metal  i n t o  ,!he EAF f r e e  of d i r t  

t i o n a l  c lamshel l  bucket or through a chu te  leading t o  a ho le  i n  the  EAF roof .  

F i n a l l y ,  another  process  change which could reduce emissions . is t o  shred 
t h e  scrap and charge i t  through a chute  i n t o  t h e  EAF. With the  chute.chargin.g 
system, the  DSE could remain on during charging t o  capture  any emissions. 
This  method of charging a l s o  opens up t h e  p o s s i b i l i t y  ,of con t inuous , in s t ead  
of batch s t e e l  making. 

5.2 BASIC OmGEN FURNACES 

, : . 
. .. 

and o i l y  depos i t s .  This d i r e c t  reduced o re  could be charged with t h e  conven-' !. 

& .. 

Sources of f u g i t i v e  emissions i n  b a s i c  oxygen furnace (BOF) opera t ions  
a r e  the  charging, tapping and slagging processes.  Other minor sources include 
puff ing from t h e  furnace and the  handling of f l u x e s  a t  the conveyors and bins .  
Primary emissions during blowing a r e  captured by a hood d i r e c t l y  over t h e  
mouth of t h e  furnace.  Th i s  hood can be t i g h t  f i t t i n g ,  i n  which case  combus- 
t i o n  of CO is suppressed, or the  hood can be  posi t ioned so t h a t  a i r  space i s  
a v a i l a b l e .  The advantages of suppressed combustion hoods over open hoods in -  
c lude a h ighe r  cap tu re  e f f i c i e n c y ,  a smaller volmie of g a s  a t . a  lower tm- 
pera ture ,  and consequently,  a loiier ranoval device cost. The secondary emis- 
s ion  c o n t r o l  techniques t o  be discussed i n  t h i s  sec t ion  a r e  ( a )  monitor 
enclosing,  ( b )  canopy hoods, ( c )  t o t a l  enclosures ,  and (d)  novel uses  of t h e  
primary hood f o r  f u g i t i v e  eniss ions.contro1.  .. 

I 

5.2.1 Option A: Monitor EnClOSing 

Th i s  method u t i l i z e s  t h e  closed roof monitor a s  a holding chamber f o r  
f u g i t i v e  missions convected upward. Th i s  monitor is then evacuated a t  t h e  
convenience of t h e  opera tor .  AS with bu i ld ing  evacuation i n  EAF c o n t r o l ,  t h e  
removal system must be  s ized  t o  handle v e n t i l a t i o n  a i r  necessary f o r  shop 
sa fe ty .  

Extent of Application-- 

canopy hood and open monitor system. But t h e  enclosing of t h e  monitor was sup- 
planted by t h e  dec i s ion  t o  t o t a l l y  enclose the furnace,  an opt ion which i s  
considered s e p a r a t e l y  below. 

Problems Associated with Application-- . 
system must  n e c e s s a r i l y  handle a l a rge  v o l m e  of a i r  s ince  t h e  n a t u r a l  ven t i -  
l a t i o n  a i r  passes through the  rfsnoval system- 

Only one p l a n t  is knam t o  have considered t h i s  method t o  supplement a 

One of t he  major problems with monitor enclosure is t h a t  t he  evacuation 
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Control Device Performance-- 

performance a r e  not  ava i l ab le .  But one p o s i t i v e  performance t ra i t  would be 
a nea r ly  100% cap tu re  e f f i c i e n c y  during normal ope ra t ions ,  because of t h e  en- 
c losed  bui lding.  

Control Device Cost-- 
A s  s t a t e d ,  exact  c o s t  f i g u r e s  are no t  ava i l ab le ,  bu t  gene ra l  c a t e g o r i e s  

of c o s t  can b e  de l inea ted  as  follows: 
ing f o r  monitor enclosure,  (c) ductwork, (d)  ductwork suppor t ,  ( e )  f ans ,  ( f )  
motors, , ( g )  removal device,  (h)  engineer ing,  and ( i )  c o n t r a c t o r ' s  f ee .  

Since t h e r e  a r e  no known a p p l i c a t i o n s  of t h e  con t ro l  op t ion ,  d e t a i l s  of 

( a )  bu i ld ing  support ,  (b )  s t e e l  sheet-  

5 - 2 2  Option B: Canopy Hoods . .  

While the  use  of canopy hoods t o  c o n t r o l  f u g i t i v e  emissions from EAF's  
i s  a well-known technique, t h e i r  app l i ca t ion  t o  BOF's i s  r e l a t i v e l y  new. Ret- 
r o f i t t i n g  of  t h i s  c o n t r o l  op t ion  would c e r t a i n l y  be d i f f i c u l t ,  bu t  s p e c i f i c  
s i t u a t i o n s  do e x i s t  where r e t r o f i t t i n g  would be f e a s i b l e .  

Extent of  Application-- 

i s  documented, bu t  the o t h e r  i s  not .  The undocumented canopy hood system was 
not successfu l ,  as the  emissions no t  captured by t h e  canopy were leaving  t h e  
monitor i n  s u f f i c i e n t  q u a n t i t i e s  to exceed t h e  o p a c i t  s tandards .  The Inland 
S t e e l  i n s t a l l a t i o n  i s  documented i n  t h e  l i t e r a t u r  &I and i s  shown i n  Fig- 
ure 5-3. Inland has  not repor ted  any d e f i c i e n c i e s  i n  t h e i r  charging a i s l e  
canopy opera t ion .  Actua l ly ,  In l and ' s  canopy hood i s  a backup hood t h a t  cap- 
t u r e s  the  charging emissions t h a t  escape l o c a l  charging hoods mounted near  
both 210-ton BOFs. This dua l  system may be t h e  reason for t he  apparent suc- 
c e s s  o f  t h e  roof canopy. 

Problems Associated with Application-- 

c ros scu r ren t s  wi th in  t h e  bui ld ing  can b e  de t r imenta l .  The d ivers ion  can be 
a l l e v i a t e d  by adding b a f f l e s  and cons t ruc t ing  w a l l s  t o  b e n e f i c i a l l y  d i r e c t  
bu i ld ing  c u r r e n t s  where t h i s  a c t i o n  does not  severe ly  d i s rup t  opera t ions .  

Control  Device Cost- 
The In land  shop repor ted ly  draws 275,000 scfm through t h e  charging a i s l e  

canopy hood. As with the canopy hoods i n  EAF shops, 50 t o  9@7 cap tu re  e f f i c i -  
ency i s  expected. The emissions c o l l e c t e d  by the  canopy hood are combined 
with emissions from two ho t  meta l  t r a n s f e r  s t a t i o n s  and a r e  vented t o  a 
400,000-scfm baghouse. 

This con t ro l  op t ion  is  known t o  exist  a t  a t  l e a s t  two p l a n t s .  One system 

A s  with a l l  e leva ted  hoods, the d ive r s ion  of t h e  plume from the hood by 

c Control  Device Cost-- 
... . . :. . 

. .  
No information i s  a v a i l a b l e  on the c o s t s  of t h e  two known s y s t e m .  

.. . , . ,  
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Figure 5-3 .  BOF canopy hood system. 
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5.2.3 O p t i o n  C:  P a r t i a l  and T o t a l  Enclosures 

Enclosure is a new technology t h a t  w a s  f i r s t  app l i ed  a t  t h e  Krupp- 
Rheinhausen p l a n t  in West Germany. This  technology was f i r s t  brought t o  the  
United S t a t e s  by Pennsylvania Engineering Corporation in cooperat ion wi th  
Barn Company t o  cope with the  unique problems of charging of QBOPs. The QBOP 
process  r equ i r e s  t h a t  n i t rogen  be blown through t h e  tuye res  i n  t h e  bottom Of 
t h e  vessel t o  keep them from plugging during h o t  metal charging.  The n i t r o -  
gen bubbling through the  hot metal causes  tremendous charging emissions.  There 
i s  n o t  a ham QBOP in t h e  United S t a t e s  t h a t  does n o t  have a p a r t i a l  or t o t a l  
enclosure.  The p a r t i a l  enclosure extends only  t o  t h e  charging f l o o r  while  t h e  
t o t a l  enclosure extends a l l  t h e  way t o  t h e  tapping f l o o r ,  which is a t  ground 
level f o r  these newly designed i n s t a l l a t i o n s .  Figure 5-4 d e p i c t s  a t o t a l  en- 
c losure .  

Extent  of  Application-- 

t h a t  have e i t h e r  p a r t i a l  or t o t a l  enc losures .  In add i t ion ,  t o t a l  enclosures  
a r e  present ly  being constructed around f i v e  BOFs a t  t h r e e  d i f f e r e n t  s t e e l  
p l an t s .  One of  t hese  p l a n t s  is r e t r o f i t t i n g  the  enc losures .  The advantages of  
this c o n t r o l  op t ion  a r e  achievement o f  90% e f f i c i e n c y , g '  providing t h a t  
proper opera t ing  procedures are followed, and a d e f i n i t e ,  s u b s t a n t i a l  decrease 
i n  opera t ing  flow r a t e .  

Problems Associated with Application-- 

ence. Charging r equ i r e s  more c a r e  than t h a t  needed before  enclosing t h e  in- 
s t a l l a t i o n  t o  avoid c o l l i s i o n s  between t h e  l a d l e  and t h e  enclosure.  Tapping 
r equ i r e s  a d i f f e r e n t  procedure than used in many p l a n t s  s i n c e  a r a i l c a r  and 
no t  t he  teeming crane c a r r i e s  t h e  teeming l a d l e  t o  the BOF. 

There a r e  at  present  seven known and opera t ing  QBOPs in t h e  United S t a t e s  

One of  t h e  obvious problems wi th  t o t a l  enclosure is opera t ions  i n t e r f e r -  

A p r o b l m  w i t h  these  enc losures  in t h e  past h a s  been t h e  placement out- 
s i d e  t h e  enclosure of the secondary hood t o  cap tu re  charging emissions. This  
proved t o  be i n e f f e c t i v e  as m i s s i o n s  s t i l l  escaped around the hood. The 
later generat ion of enc losures  have t h e  secondary v e n t i l a t i o n  charging hood 
i n s i d e  t h e  enclosure.  

A problem with p a r t i a l  enc losures  e x i s t s  that t h e  t o t a l  enc losure  has  
solved. With p a r t i a l  enclosures  (extending only  t o  t h e  charging f l o o r ) ,  t h e r e  
a r e  no w a l l s  between the charging and the tapping f l o o r s  t o  enc lose  s lagging  
and tapping emissions.  Consequently, a por t ion  of t h e s e  emissions escape 
around the enclosure.  The t o t a l  enclosure with automatic  doors  t o  p e r m i t  c a r  
i n g r e s s  and eg res s  provides  a so lu t ion .  

Control Device Performance-- 

t i o n  around i t ,  t h e  des ign  flow rate necessary f o r  evacuation is 382,000 
For one s p e c i f i c  120-ton vessel wi th  a t o t a l  enc losure  under construc-  
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Figure 5-4. BOF t o t a l  enclosure . l l  
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acfm. With 140,000 acfm needed a s  d i l u t i o n  a i r  t o  achieve temperatures  com- 
p a t i b l e  with t h e  baghouse, t h e  t o t a l  f low i s  522,000 acfm. A s  was prev ious ly  
s t a t e d ,  e f f i c i e n c i e s  of 9WL can  b e  expected providing proper opera t ing  pro- 
cedures  a r e  u t i l i z e d .  The proper procedures inc lude  pouring the ho t  metal  
i n t o  t h e  furnace a t  an optimum r a t e  and the  u t i l i z a t i o n  of comparatively 
c l ean  sc rap .21  

Control  Device Cost-- 
For t h e  purchase of a t o t a l  enc1osure . for  a 200-ton BOF, one could ex- 

pec t  t o  pay f r m  $600,000 t o  $700,000 i n  December 1976. 
c o s t  could b e  between $1,000,000 and $1,100,000. ~n i temized cost .breakdown 
is n o t  ava i l ab le ,  bu t  t h e r e  a r e  items involved t h a t  could b e  e a s i l y  over- 
looked, such as h e a t  r e s i s t a n c e  l i n i n g  f o r  t h e  enc losure  and automatic  doors."::.. 

5.2.4 Option D: Novel Uses of  the Primary Hood 

The t o t a l  i n s t a l l e d  
" " '  

:.' 

The primary m i s s i o n  c o n t r o l  hood on t h e  BOF h a s  r e c e n t l y  been u t i l i z e d  
i n  t h e  cap tu re  of bo th  charging and tapping emissions.  I n  some a p p l i c a t i o n s ,  
changes i n  e i t h e r  t h e  hood des ign  o r  opera t ing  procedure were requi red ,  while  
in o the r  app l i ca t ions ,  a d d i t i o n s  such as b a f f l e s  were necessary.  

One new design which has  a pa t en t  pending i s  t h e  Gaw Damper. B r i e f l y ,  
t h i s  i s  a wheeled damper w h i c h  enables  the hood's suc t ion  t o  be  focused on 
e i t h e r  t h e  charging or t h e  tapping  s i d e  of  t h e  furnace.  The damper i s  simply 
r o l l e d  beneath t h a t  por t ion  of  t h e  primary hood's f ace  which t h e  ope ra to r  
wishes t o  block. Another designer  h a s  added b a f f l e s  on t he  tapping s i d e  t o  
guide t h e  emissions i n  t h e  d i r e c t i o n  of t h e  primary hood. A t h i r d  method min- 
imizes t h e  t ilt  of t h e  furnace dur ing  charging and u t i l i z e s  a l a d l e  with a 
uniquely long spout. This  ope ra t ing  change p laces  t h e  mouth of  t h e  furnace 
c l o s e r  t o  t h e  primary hood. 

Extent of Application- 
A t  least fou r  p l a n t s  a r e  kndm t o  be using the Gaw Damper, bu t  l i t t l e  

is known of t h e  success of t h i s  system. The minimizing of t h e  furnace  t i l t  
during charging h a s  been appl ied  a t  only  one known p l a n t ,  and t h e  u s e  of baf- 
f l e s  during tapping h a s  been appl ied  a t  two known p1ants:As with a l l  methods 
mentioned i n  t h i s  r epor t ,  several o t h e r  i n s t ances  of a p p l i c a t i o n  may e x i s t  
which were nor surveyed during the course  of t h e  study. 

Problems Associated with Application- 

because they were designed t o o  c l o s e  t o  t h e  furnace mouth. L i t t l e  i s  a c t u a l l y  
known about t he  day-to-day sdccess  of t h e  o t h e r  techniques.  However, t h e r e  
a r e  problems that can b e  a n t i c i p a t e d  i n  t h e i r  app l i ca t ion .  The reduct ion of 
t he - fu rnace  tilt during charging,  whi le  i t  does move.the mouth c l o s e r  t o  the  

Two p l a n t s  have had problems with the Gaw Damper when t h e  t r a c k s  warped 
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. I  
, ' .  primary hood, cannot p o s s i b l y  put t h e  BOF mouth d i r e c t l y  under the hood. Con- 

sequent ly ,  i t  i s  l i k e l y  t h a t  a p o r t i o n  of t h e  charging fumes w i l l  s t i l l  es- 
cape capture  and rise i n t o  t h e  bui lding monitor. With b a f f l e s  o r  an enclosure 
on t h e  tapping s ide ,  i n t e r f e r e n c e  with t h e  tapping operation may be c rea ted .  
Th i s  p a r t i c u l a r  problem may be a l l e v i a t e d  by moving t h e  tapping l a d l e  i n  un- 
derneath t h e  b a f f l e  by r a i l c a r  or by i n s t a l l i n g  b i p a r t i n g  b a f f l e s  which a l -  
low crane c a b l e s  through. 

Control Device Performance-- 
In one operati ,on,  t h e  appl ica t ion  of t h e  Gaw Damper increases  t h e  face 

v e l o c i t y  of t h e  primary hood flow from 200 t o  900 fpm. The damper a c t u a l l y  
blocks more than th ree - fou r ths  of t h e  primary hood face  a rea  and thus  serves  
dual purposes. F i r s t , ,  t he  v e l o c i t y  i s  increased ,  e f f e c t i n g  g r e a t e r  cap ture  
e f f i c i e n c y ;  and' second, t h e  flow i s  concentrated a t  t he  a rea  of most need, 
e i t h e r  t h e  charging o r  tapping s ide  of t h e  furnace.  

Control Device Cost-- 

? 

Id - . .~ . .- 

L i t t l e  i s  known of t h e  cos t  of these devices.  

5.3 HOT METAL TRANSFER 

I Hot me ta l  t r a n s f e r  i s  t h e  movement of molten i ron  from a torpedo c a r  d i -  
r e c t l y  t o  a charging l a d l e  or from a torpedo c a r  t o  a hot metal  mixer and 
then t o  a charging l a d l e .  T h i s  i s  n o t  t o  be confused with r e l a d l i n g  which i s  
h e r e i n  def ined a s  the  mixing of molten s t e e l  from one . lad le  t o  another f o r  
t h e  purpose of evenly d i s t r i b u t i n g  some l a d l e  addi t ion.  . ' 

.. 
i 

, .  . .  

. .  Forty-two percent  of t h e  emissions from hot  metal t r a n s f e r ' a r e  i n  a 
flake-shaped p a r t i c u l a t e  form c a l l e d  k i sh .  K i s h  i s  n e a r l y  100% g r a p h i t e  and 
r e s u l t s  from t h e  r e j e c t i o n  of carbon a s  the  i ron  c o o l s +  K i s h  i s  g e n e r a l l y  
l a r g e r  than 75 pm i n  diameter. The remaining 58% of t h e  emissions from h o t .  
metal  t r a n s f e r  a r e  i r o n  oxide with a p a r t i c l e  s i z e  l e s s  than 3 vm. 22,461 _ .  

, A .  

I n  t h i s  section, the  opt ions t o  be considered f o r  t he  c o n t r o l  of fugi-  
t i v e  emissions from hot  metal  t r a n s f e r  ope ra t ions  are:  
l a d l e  hoods, both movable and s t a t iona ry ;  ( b )  canopy hoods, a l s o  movable or 

( a )  c l o s e  f i t t i n g  
. .  ' ' . .. '  

! s t a t iona ry ;  and ( c )  p a r t i a l  bui lding evacuation. 

. .  5.3.1 Option A: Close F i t t i n g  Ladle Hoods 

, There a r e  severa l  v a r i a t i o n s  of c l o s e  f i t t i n g  l ad le  hoods. Some a r e  s t a -  
t ionary ;  o t h e r s  a r e  movable. Some have hot  metal  i n l e t s  i n  t h e  top while 
Others a r e  open on one s ide .  Aside from minor design d i f fe rences ,  however, 
t h e  c l o s e  f i t t i n g  hoods a r e  s i m i l a r  i n  t h a t  they a l l  requi re  lower flow r a t e s  
for t h e  same degree of c o n t r o l  than do t h e  canopy hood opt ions;  they a l l  can 
be designed t o  draw enough of a vacuum t o  keep fumes from leaking f r o m  the 
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i n l e t  ho le  o r  around the  bottom o f  t h e  hood and they a l l  r e q u i r e  c a r e f u l  op- 
e r a t i n g  procedures.  

Extent of  Application-- 

repor ted  recently.-  
8 two-ladle hot  metal t r a n s f e r  s t a t i o n .  Foui s t a t i o n a r y  l a d l e  hoods with hot  
metal i n l e t s  i n  the  top a r e  known t o  be i n  opera t ion  a t  four  d i f f e r e n t  p l a n t s .  
The l a d l e s  a r e  c a r r i e d  under t h e  c l o s e  f i t t i n g  hoods on r a i l c a r s .  

Problems Associated with Application-- 

p o s s i b i l i t y  of damage due t o  though t l e s s  opera t ion  do e x i s t .  R e t r o f i t t i n g  .a 
s t a t iona ry ,  c l o s e  f i t t i n g  l a d l e  hood may b e  incompatible  wi th  t h e  moving of 
t h e  l a d l e  away from t h e  s t a t i o n  by the charging crane.  Th i s  can be solved by 
i n s t a l l i n g  a movable l a d l e  hood o r  a system such as a r a i l c a r  f o r  moving t h e  
l a d l e  from beneath t h e  s t a t i o n a r y  hood. 

Control  Device Performance-- 
The v o l m e  flow rate  requi red  t o  c o n t r o l  h o t  metal t r a n s f e r  emissions 

i s  d i r e c t l y  propor t iona l  t o  the  volume of  h o t  meta l  t r a n s f e r r e d . a /  A t  two 
t r a n s f e r  stations, the evacuation r a t e  was 40,000 t o  50,000 acfm t o  handle  
approximately 100 tons  of  ho t  m e t a l  i n  one c a s e  and 200 tons  i n  another .  The 
cons t ruc t ion  t ime f o r  the hood and i t s  ductwork requi red  approximately 10 
working days. A t  a t h i r d  s t a t i o n ,  t h e  f low rate w a s  125,000 scfm t o  handle  
approximately 150 tons of  ho t  metal .  The movable, c l o s e  f i t t i n g  l a d l e  hood 
u t i l i z e s  125,000 a c h  t o  handle approximately 270 tons  of ho t  metal .  These 
va lues  show that a c t u a l ,  normalized evacuation flow r a t e s  range from 200 t o  
500 acfmlton of h o t  metal  handled f o r  c l o s e  f i t t i n g  l a d l e  hoods. The f i g u r e  
200 a c h / t o n  of ho t  metal  i s  probably t o o  low s ince  t h i s  p a r t i c u l a r  p l a n t  i s  
lacking a i r  po l lu t ion  equipment of adequate  capac i ty .  

Control  Device Cost-- 
The hood u t i l i z e d  t o  evacuate  a 100-ton ho t  meta l  t r a n s f e r  process  w a s  

es t imated by t h e  purchaser t o  c o s t  $50,000 t o  f a b r i c a t e  and i n s t a l l .  This  
p r i c e  w a s  es t imated f o r  the hood a lone  and d id  n o t  inc lude  t h e  ductwork and 
i t s  support  o r  bu i ld ing  modif icat ions.  No o the r  c o s t s  w e r e  ava i l ab le .  

A movable l a d l e  hood with one s i d e  opeo as a ho t  metal  i n l e t  has  been 
The hood is s a i d  t o  be movable s ince  one hood serves  22 I 

. .  

A s  w i t h  a l l  l o c a l  hoods, the problems of opera t ion  i n t e r f e r e n c e  and t h e  
'.. ' 

,.. 

3 

5.3.2 Option B: Canopy Hoods 

With canopy hoods as w i t h  c l o s e  f i t t i n g  hoods, t h e r e  are seve ra l  v a r i a -  
t i o n s  ava i l ab le ,  such a s  l o c a l  o r  roof mounted canopies  and s t a t i o n a r y  or 
movable canopies. Canopies can be used above any of t h e  t h r e e  hot meta l  t r ans -  
f e r  p o s s i b i l i t i e s ;  t h a t  is, torpedo car t o  charging l a d l e ,  torpedo c a r  t o  
mixer,  or mixer t o  charging l ad le .  
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Extent of  Application-- 

t u r e  f u g i t i v e  emission generated during t h e  t r a n s f e r  of ho t  metal  f r a n  a 
torpedo c a r  t o  one of two mixers. The hood can be mwed over whichever mixer 
i s  accept ing the  h o t  metal .  Whether t h e  hood i s  l o c a l  or roof mounted i s  not  
known. 

Problems Associated w i t h  Application-- 

There a r e  t h e  t y p i c a l  cons idera t ions  of r e t r o f i t t i n g  such a s  a v a i l a b i l i t y  of 
space f o r  .the capture  device,  s t rength  of b u i l d i n g  supports,  rout ing of 
ductwork and a v a i l a b i l i t y  of space f o r  t he  removal device. Also, t h e  a c t i o n  
of c r o s s c u r r e n t s  i n  minimizing capture  e f f i c i e n c y  must  be reduced. I n  some 
new designs,  secondary emission c o n t r o l  systems such a s  hot  metal  t r a n s f e r  
s t a t i o n  hoods, furnace charging, tapping and slagging a r e  vented t o  a s ing le  
removal device.  This  concept of a c e n t r a l i z e d  removal device t o  handle sev- 
e r a l  sources  i s  becming  cornon i n  new p l a n t  design. 

Control Device Performance-- 
L i t t l e  information i s  a v a i l a b l e  about t h e  one known canopy hood. One can 

conclude, however, t h a t  i f  c l o s e  f i t t i n g  l a d l e  hoods requi re  200 t o  500 scfm/ 
ton of hot metal  t r a n s f e r r e d ,  l oca l  canopy hoods w i l l  r equi re  more v e n t i l a -  
t i on  and roof canopy hoods the  most v e n t i l a t i o n .  Values can be c a l c u l a t e d  us- 
ing t h e  Hemeon equat ions which show t h a t  t he  v e n t i l a t i o n  volume is dependent 
on t h e  s i z e  of t h e  source, t he  temperature d i f fe rence  between the plume and 
t h e  ambient atmosphere and t h e  d is tance  t h e  face  of t h e  hood i s  from t h e  
s o u r c e . Z /  

Control Device Cost-- 

There i s  one known appl ica t ion  of a movable canopy hood u t i l i z e d  t o  cap- 

No unusual problems a r e  associated with the  a p p l i c a t i o n  of canopy hoods. 

L i t t l e  information i s  a v a i l a b l e  about the one known canopy hood. 

5.3.3 Option C: P a r t i a l  Building Evacuation 

While t o t a l  bu i ld ing  evacuation s o l e l y  t o  cap tu re  hot  metal  t r a n s f e r  
emissions i s  extreme, bui lding conf igu ra t ion  could  sanetimes lend i t s e l f  t o  
p a r t i a l  evacuation. There a r e  cases  where t h e  roof i t s e l f  may be used a s  a 
holding chamber f o r  ho t  metal  t r a n s f e r  emissions,  with only t h e  i n s t a l l a t i o n  
of a few a d d i t i o n a l  b a f f l e s  required.  The p r i n c i p l e  of t h i s  opt ion i s  t o  l e t  
t h e  hot  emissions r i s e  t o  t h e  roof and c o l l e c t  t h e r e  until the  operator  de- 
s i r e s  t o  evacuate them through a scavenger duct.  

Extent of Application-- 

f e r  s t a t i o n  serves  t h r e e  120-ton BOFs. 
a baghouse. 

There i s  only one known appl ica t ion  of t h i s  option. The hot metal  t rans-  
The roof plenum chamber i s  vented t o  
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Problems Associated with Application-- 
There i s  one forseeable  problem as soc ia t ed  w i t h  t h i s  opt ion.  The ca r -  

bonaceous, f l a k e l i k e  p a r t i c l e s  c a l l e d  k i s h  are l a rge  and a r e  n o t  l i k e l y  t o  
t r anspor t  with t h e  upward convect ive flow, but  r a t h e r  to s e t t l e  out i n  t h e  
shop. P a r t i c l e s  t h a t  d i d  make i t  t o  t h e  roof would n o t  remain t h e r e  long be- 
f o r e  s e t t l i n g  out.  From the perspec t ive  of in-shop h e a l t h ,  t he  mass mean d i -  
ameter of t h e  k i sh  p a r t i c l e s  i s  l a r g e r  than  10 p; consequent ly ,  k i sh  would 
have l i t t l e  impact on human r e s p i r a t i o n .  It is, however, a nu lsance  problem. 

Control Device Performance-- 
The flow rate used to evacuate t h e  p l e n m  roof chamber during ho t  metal 

t r a n s f e r  was 300,000 acfm f o r  the t r a n s f e r  of  approximately 80 tons of ho t  
meta l  or approximately 3,600 acfmmlton of h o t  metal  t r a n s f e r r e d .  O f  coc r se  if 
t h e  roof plenun chamber i s  l a r g e  enough t o  hold  a l l  the m i s s i o n s ,  they can 
be c o l l e c t e d  and  evacuated a t  any d e s i r e d  flow r a t e  a b l e  t o  cap tu re  l a r g e r  
p a r t i c l e s  before  they s e t t l e d  back t o  t h e  shop f loo r .  

Control  Device Cost--  
The incremental c o s t  f o r  t h e  h o t  m e t a l  t r a n s f e r  s t a t i o n  c o n t r o l  i s  based 

on sane unknown por t ion  of the t o t a l  i n s t a l l e d  c o s t  f o r  secondary emission 
c o n t r o l  of t h r e e  120-ton BOF's which was $5,000,000 in 1976. Th i s  va lue  i n -  
c ludes,  bu t  i s  n o t  l imi ted  to ,  enclosure of t h e  roof above the hot  metal 
transfer s t a t i o n s  and above t h e  BOF charging p o s i t i o n ,  t he  purchase and in -  
s t a l l a t i o n  of a 400,000 acfm f a b r i c  f i l t e r  p ressur ized  baghouse and t h e  pur- 
chase and i n s t a l l a t i o n  of ductwork, f ans  and motors. 

5.4 TEEMING 

Af ter  t he  s t e e l  i s  tapped from the furnace ,  whether EAF, BOF or OHF, 
there  e x i s t s  two possible  methods t o  produce a semif inished product.  The 
s t e e l  can be teemed i n t o  ingots  and eventua l ly  r o l l e d  i n t o  semif inished s tock 
a f t e r  var ious  cooling and rehea t ing  processes ,  o r  t he  molten s t e e l  can be 
t ranspor ted  t o  a nearby continuous c a s t e r  and cooled and r o l l e d  with no in -  
termediate  s teps  or time de lay .  Teeming the  molten s t e e l  i n t o  t h e  ingots  or 
pouring it i n t o  the tundish t h a t  feeds  t h e  c a s t e r  i s  a source o f  f u g i t i v e  
emissions.  Many observers  have repor ted  ingot  teeming t o  be a minor source 
of  emissions .E/ Unfortunately,  q u a n t i f i c a t i o n  of ert s s i o n s  from teeming 
has not y e t  been accomplished because o the r  sources  have been g iven  p r i o r i t y .  

Controls  have been appl ied i n  s e l e c t i v e  teeming s i t u a t i o n s  where poten- 
t i a l l y  tox ic  addi t ions  a r e  made t o  t h e  ingo t s .  These add i t ions  include lead  
and te l lur ium,  t o  name a couple.48/ The only  opt ion  considered i n  t h i s  r epor t  
i s  t he  l o c a l  hood. Since the main reason f o r  i n s t a l l i n g  con t ro l s  i s  to pro- 
t e c t  the personnel on t he  teeming p la t form,  the  hood m u s t  have a high capture  
e f f i c i e n c y ,  a r e q u i s i t e  which l o c a l  hoods a r e  more l i k e l y  t o  f u l f i l l .  Other 
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opt ions  such a s  roof canopies or p a r t i a l  bu i ld ing  evacuation, while p o s s i b l e ,  
have not been app l i ed  because many questions concerning cost versus  b e n e f i t  
e x i s t .  

5.4.1 Option A: Local Hoods. 

Several  p o s s i b l e  conf igura t ions  of l o c a l  hoods e x i s t .  The hoods can be 
s i d e  d r a f t  or overhead, mobile or s t a t i o n a r y .  I f  t h e  hoods a r e  s t a t iona ry ,  
they usua l ly  extend over only a few of t h e  ingo t s ,  s ince  hoods over t h e  en- 
t i r e  teeming l i n e  would be of quest ionable  cos t -e f fec t iveness .  

Extent of Application-- 

cont ro ls .  A l l  of t h e s e  f a c i l i t i e s  add e i t h e r  lead or t e l lu r ium t o  t h e i r  i n -  
gots. The teeming emission cont ro l  system a t  Inland S t e e l ' s  new No. 2 BOF 
shop i s  documented i n  t h e  l i t e r a t u r e  although d e t a i l s  of t he  system a r e  
f ew.S /  Knowledge of t he  remaining two systems was acquired e i t h e r  through 
personal  meetings o r  v i a  telephone. 

There a r e  t h r e e  lcnown teeming f a c i l i t i e s  which have f u g i t i v e  emission 

Problems Associated with Application- 

t r o l  ingot  a d d i t i o n  emissions. A s  with any c o n t r o l  c l o s e  t o  the  operat ion,  
t he  design must ensure ease of operation. 

Control Device Performance-- 

60,000 scfm. A second p lan t  v e n t s  i.t's hood a t  50,000 ac fn . - to  i t s  own bag- 
. .  house. This  second p l a n t  has  a movable s i d e  d r a f t  hooa a t t a c h e d ' t o  a r a i l c a r .  

The. r a i l c a r  i s  hooked to t h e  teeming crane and i s  towed along with it. 

Control  Device Cost-- 
The t o t a l  i n s ' t a l l e d  c o s t  f o r  t he  s ide  d r a f t ,  railcar-mounted hooding 

system was $150,000. This  amomt represents  t o t a l  cos t ,  with a few of t h e  in-  
d iv idua l  c o s t  items being the  ca r ,  t h e  hood, t he  baghouse, t h e  fan,  t h e  motor 
and t h e  ductwork. 

There a r e  no known problems with the  appl ica t ion  of l o c a l  hoods to con- 

. .  

. . '  The In l and  S t e e l  lead and' f& c o l l e c t i o n  system has  a capac i ty  of 

. .  , .  

. .  

No c o s t s  were a v a i l a b l e  f o r  the o t h e r  t w o  known systems. 

. .  . . .  . .  . .  5.5 OTHER SOURCES 

The sources  t o  be considered i n  t h i s  s e c t i o n  a r e  gas c u t t i n g  operat ions,  
s i n t e r  p l a n t s  and desul fur iza t ion  s t a t i o n s .  The sources i n  t h i s  sec t ion  a r e  '. 
not  n e c e s s a r i l y  of l e s s  importance o r  of smaller  magnitude than those previ-  
ously mentioned. The reason f o r  t he  placing of t h e s e  p a r t i c u l a r  sources i n  
a miscellaneous s e c t i o n  i s  t h a t  t he re  was l i t t l e  or no information with which 
to i d e n t i f y  and eva lua te  operat ing f u g i t i v e  m i s s i o n  c o n t r o l  systems. 

1 
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5.5.1 Gas Cutt ing Operations 
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r 

i 

There a r e  severa l  gas c u t t i n g  ope ra t ions  a t  a s t e e l  p l a n t .  Among t h e s e  
a r e  ( a )  c u t t i n g  but tons ,  (b )  c u t t i n g  s k u l l ,  ( c )  c u t t i n g  scrap and ( d )  s ca r f -  
ing. Buttons o r  b u t t e s  a r e  the  hardened remnants of molten s t e e l  l e f t  a t  t h e  
bottom of a lad le .  These a r e  probably an a c c i d e n t a l  occurrence and conse- 
quently a r e  n o t  t he  r e s u l t  of t y p i c a l  p r a c t i c e .  Skul l  i s  hardened s t e e l  on 
t he  s ide  or mouth of a lad le ,  tundish,  or a steelmaking furnace.  The s k u l l  
forms where s t e e l  a t  a reduced temperature comes i n  contac t  with the  l a d l e ,  
tundish o r  furnace l i n i n g  and cools there .  A t h i r d  source of f u g i t i v e  emis- 
s ions ,  scrap c u t t i n g ,  occurs i n  t h e  scrap yards. S ince  purchased scrap  i s  
ca t egor i zed  by s i z e  (among o t h e r  v a r i a b l e s ) ,  i t  would not be t y p i c a l  t o  c u t  
purchased scrap. One might expect home scrap t o  be  subjec t  t o  more gas  c u t -  
t i n g  than purchased scrap. F i n a l l y ,  s c a r f i n g ,  both by hand and by machine, 
is  a source of fug i t ive  emissions. Sca r f ing  is  done only when necessary s ince  
each f r a c t i o n  o f  s t e e l  scarfed from the s u r f a c e  represents  a loss i n  d o l l a r s .  

Control of only one g a s  c u t t i n g  source has been observed and t h a t  was 
t h e  hand scar f ing  of sao i f in i shed  products.  A roofed shed w i t h  open s ides  was 
constructed.  The shed contained a crane above which was i n s t a l l e d  a l a rge  
canopy hood. The t o t a l  flow r a t e  of t h e  hood was 200,000 acfm. Th i s  flow was 
spread over s e v e r a l  e x i t  duc ts  i n s t a l l e d  along the  hood. 

While o t h e r  c o n t r o l s  have been observed, i t  i s  p o s s i b l e  t h a t  l o c a l  or 
canopy hoods could be u t i l i z e d  t o  capture  f u g i t i v e  emissions from the  de- 
s k u l l i n g  of l a d l e s  and c u t t i n g  b u t t e s .  For t he  shops t h a t  have t h e i r  own de- 
s k u l l i n g  s tands ,  i t  would be f e a s i b l e  t o  i n s t a l l  a hood over such a stand. 

While operat ions such as  desku l l ing  and t h e  c u t t i n g  of b u t t e s  and s c a r f -  
ing may be performed i n  a s ing le  mall area  capable of being hooded, scrap 
c u t t i n g  is n o t  so amenable t o  conventional hooding. I f  a s i g n i f i c a n t  amount 
of scrap c u t t i n g  was performed, i t  might be  poss ib le  t o  j u s t i f y  a shed such 
a s  the  one descr ibed above t o  c o n t r o l  hand scarf ing.  Another p o s s i b i l i t y  
would be a mobile hood mounted on a wheeled o r  tracked vehic le .  The removal 
device could be c e n t r a l l y  located i n  the scrap yard. Were t h i s  l a t t e r  o p t i o n  
t o  be se l ec t ed ,  the r e s p i r a b l e  mass of dus t  generated by the vehicle  i t s e l f  
would necessar i ly  have t o  be l e s s  than t h a t  generated by the s c r a p  c u t t i n g  
ope r a t  ion.  

5 -5 $2 S i n t e r i n g  

There a r e  severa l  p o t e n t i a l  sources  of f u g i t i v e  m i s s i o n s  within s i n t e r  
p lan ts :  raw m a t e r i a l  handling; windbox leakage; s t rand  discharge;  ho t  screen- 
ing; c o o l e r  discharge and cold screening. The two most widely mentioned 
sources  a r e  s t rand  and cooler  discharge.  
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AII i n t e rv i ew with one s t e e l  indus t ry  r e p r e s e n t a t i v e  revealed a t  l e a s t  
i n  a q u a l i t a t i v e  sense,  t h e  s e v e r i t y  of each of t h e  aforementioned sources. 
Raw m a t e r i a l  input ,  t h a t  i s ,  iron o r e  f i n e s ,  f l u x  f i n e s  and coke breeze,  a r e  
f o r  t h e  most p a r t  mois t  and not  a major source of emissions during t r anspor t .  
This,  of course ,  does not preclude i so l a t ed  problem cases  where the f ine  i n -  
p u t  m a t e r i a l s  a r e  r e l a t i v e l y  dry and consequently are  probable dust  sources.  

d 
Fugi t ive  windbox emissions were f e l t  by the  interviewee to  be nonexis- 

t e n t  s ince  the windbox i s  unaer negat ive pressure .  MRI f e e l s  t h a t  as  long a s  
negat ive pressure is maintained, t h i s  i s  t rue .  However, p rocess .upse ts  may 
e x i s t  where,the d r a f t  i s  reduced fo':,-l one teason or another;  The frequency of ' '  

such upsets  i s  unknown. 

Strand discharge I n t o  t h e  s i n t e r  breaker is a l a rge  source of emissions, 
although few of t h e s e  emissions a r e  f u g i t i v e  s ince  a t i g h t  f i t t i n g  hood i s  a 
t y p i c a l  cap tu re  device.  Hot and co ld  screens can a l s o  be e a s i l y  enclosed and 
vented t o  a c o n t r o l  device although two p l a n t  v i s i t s  have shown no enclosure 
on t h e  co ld  screens.  

A h o s t  a l l  c o o l e r s  now i n  operat ion a r e  annular;  most a r e  the  induced 
d r a f t  type. It i s  cElmmon t o  have a s tack  on a n  induced d r a f t  cooler  so t h a t  
t h e  emission is ,  by d e f i n i t i o n ,  no t  f u g i t i v e  but an uncontrol led s t a c k  emis- 
sion. Coolers without s tacks ,  m n y  of which a r e  of the forced d r a f t  type,  
produce f u g i t i v e  emissions. with a l l  cooler  emissions, i t  i s  important t o  
remember t h a t  only an estimated 5% of the  p a r t i c l e s  by weight a r e  smaller 
than 5 urn. 

One observed s i n t e r  p l a n t  c o n t r o l  system f o r  f u g i t i v e  emissions contains  
. 43 d i f f e r e n t  pickup p o i n t s  on the  s i n t e r  operat ion,  which a r e  a l l  vented t o  

a baghouse. The f ac t .  . tha t  there .  a r e  43 p o i n t s  of emissions i s  i n d i c a t i v e  of 
t h e  number of f u g i t i v e  emission sources w i t h i n  t h i s . p a r t i c u l a r  s i n t e r  p lan t .  

5.5.3 Hot Metal Desulfur izat ion 

< . , .  , I ron  d e s u l f u r i z a t i o n  i s  t h e  process of removing s u l f u r  from molten i ron  
f o r  va r i ed  purposes such as:  ( a )  t o  i n c r e a s e  s t e e l  c l e a n l i n e s s ;  ( b )  t o  reduce 
s u r f a c e . d e f e c t s ;  ( c )  , t o  increase  h o t  workabi l i ty;  (d)  t o  Increase impact and 
d u c t i l i t y  values;  and  ( e )  decrease . po ros i ty  i n  w e l d s . 9 /  I ron  d e s u l f u r i z a t i o n  
normally t a k e s  p l ace  between the t a p  a t  t h e  b l a s t  furnace and t h e  charge t o  
the  s t e e l  furnace.  

. . 

The only known f u g i t i v e  emission c o n t r o l  sys tens  f o r  i r o n  desul fur iza-  
t ion  a r e  appl ied  i n  f o r e i g n  p lan ts .  Krupp-Rheinhausen has  twu swivel-type 
hoods over two adjacent  d e s u l f u r i z a t i o n  s t a t i o n s . s /  Nippon S t e e l ' s  Oita  
Works has  a s t a t i o n a r y  overhead hood on t h e i r  desu l fur iza t ion  s t a t i o n  with 
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a f lQw r a t e  of 50,000 a c f m . 2 1  Kawasaki's Mizushima Works u t i l i z e s  an over- 
head s t a t i o n a r y  hood t o  c o n t r o l  f u g i t i v e  emissions from both d e s u l f u r i z a t i o n  
and deslagging of t h e  i ron  with a hood flow r a t e  of 150,000 acfm. Nippon 
S t e e l ' s  Yawata works u t i l i z e s  a c losed  type,  s t a t i o n a r y  hood t o  c o n t r o l  de- 
s u l f u r i z a t i o n  emissions with 100,000 acfm. I t  i s  n o t  known whether t h i s  en- 
c losed hood i s  of t he  t o t a l  enclosure o r  c l o s e  f i t t i n g  l a d l e  hood type. 
F i n a l l y ,  Sllmitomo's Kashima Works c o l l e c t s  emissions from both hot  metal  
t r a n s f e r  and d e s u l f u r i z a t i o n  w i t h  closed-type s t a t i o n a r y  hoods u t i l i z i n g  
250,000 acfm. 

2 
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SECTION 6.0. 

CONTROL TECHNOLOGY FOR OPEN DUST SOURCES 

This  sec t ion  p resen t s  an assessment o f  bes t  ava i l ab le  con t ro l  technology 
for open dus t  sources assoc ia ted  wi th  in t eg ra t ed  i ron  and s t e e l  p l an t s .  
formation from t h i s  assessment was obta ined  from (a) published and unpublished 
l i t e r a t u r e  and (b) surveys of  r e p r e s e n t a t i v e  i ron  and s t e e l  p l an t s .  

In-  

In  t h e  sec t ions  below, con t ro l  system opt ions  a r e  presented f o r  the f o l -  
lowing open dus t  sources:  

Ma te r i a l s  handling (unloading and conveyor t r a n s f e r  s t a t i o n s )  

Storage p i l e  a c t i v i t i e s  

* Load-in, 

* Vehicular t r a f f i c ,  

* Wind eros ion ,  and 

* Load-out. 

Vehicular t r a f f  i c  

* Unpaved roads ,  and 

* Paved roads.  

Wind e ros ion  of  exposed areas 

. _ _  
Expected performance and c o s t  d a t a  a r e  given f o r  each  opi ion  along witti t h e  

' cur ren t  ex ten t  of  app l i ca t ion .  

The e f f ec t iveness  and cos t  of  va r ious  con t ro l  op t ions  f o r  t h e  reduct ion  
of f u g i t i v e  d u s t s  generated from open dus t  sources  wi th in  an in t eg ra t ed  i r o n  
and s t e e l  f a c i l i t y  are discussed in t he  following sec t ions .  A d i scuss ion  of  
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each con t ro l  op t ion  i s  g iven  concerning: (a) ex ten t  of  app l i ca t ion ;  (b) prob- 
lems assoc ia ted  wi th  c o n t r o l ;  (c) con t ro l  performance; and (d) cont ro l  costs .  

6.1 MATERIALS HANDLING 

Mate r i a l s  handl ing r e f e r s  t o  r a i l c a r  unloading, conveyors and conveyor 
t r a n s f e r  s t a t  ions  . 
6.1.1 Option A :  Enclosures 

The t o t a l  or p a r t i a l  enclosure of  railcar unloading s t a t i o n s ,  conveyors, 
and conveyor t r a n s f e r  s t a t i o n s  i s  a n  e f f e c t i v e  means t o  minimize f u g i t i v e  dus t  
emissions.  Control  systems o f  t h i s  type inc lude  (a) t o t a l  enclosure of r a i l -  
c a r  unloading s t a t i o n s  with t h e  removal o f  captured p a r t i c u l a t e  by high e f f i -  
c iency bag f i l t e r s ;  (b) t he  t o t a l  or p a r t i a l  enclosure of  open conveyors; and 
(c) t he  t o t a l  o r  par t ia l  enclosure of  conveyor t r a n s f e r  s t a t i o n s  with the  r e -  
moval o f  d u s t s  by bag f i l t e r s .  

Extent  o f  Application-- 

ods of  con t ro l  a t  var ious  poin ts .  

Problems Associated with Application-- 
Problems which may occur with t h e  enc losure  of  r a i l c a r  unloading s t a t i o n s ,  

conveyors and conveyor t r a n s f e r  s t a t i o n s  are maintenance r e l a t e d .  Leaks i n  
t o t a l  enclosure systems equipped with bag f i l t e r s  w i l l  reduce t h e  e f f e c t i v e -  
ness  o f  t he  d u s t  c o l l e c t i o n  systems. Maintenance of  enclosed conveyors and 
conveyor t r a n s f e r  s t a t i o n s  r equ i r e s  t h e  removal and replacement of  s i z a b l e  
s e c t i o n s  of  shee t  metal. 

The in t eg ra t ed  i ron  and s t e e l  p l a n t s  surveyed by MRI u t i l i z e d  these  meth- 

Control Performance-- 
Estimated c o n t r o l  e f f i c i e n c i e s  for  t he  enc losure  of r a i l c a r  unloading 

s t a t i o n s ,  conveyors and conveyor t r a n s f e r  s t a t i o n s ,  as determined by MRI ,  are 
presented i n  Table 6-1. The t o t a l  enc losure  of r a i l c a r  unloading s t a t i o n s  
and dus t  c o l l e c t i o n  with bag f i l t e r s  has  an est imated cont ro l  e f f i c i ency  of  
99% i n  r e l a t i o n  t o  'open (uncontrolled! unloading s t a t i o n s .  The cont ro l  e f -  
f i c i e n c y  est imated for top-covered conveyors is  70%. An a i r t i g h t  conveyor 
enc losure  exhausted t o  a bag f i l t e r  has, an e,stimated cont ro l  e f f i c i ency  o f  
99%. 
c i enc ie s  of  70 t o  99%. The lower va lue  r e l a t e s  t o  a simple enclosure,  and 
t h e  h igher  va lue  r e l a t e d  t o  a f u l l  enc losure  exhausted t o  a bag f i l t e r .  

Control  Cost-- 

c l o s u r e  con t ro l  systems a r e  presented i n  Table 6-1. The i n i t i a l  cos t  of a 
t o t a l  enc losure  and bag f i l t e r  system f o r  a r a i l c a r  unloading s t a t i o n  h a s  

The enc los ing  o f  conveyor t r a n s f e r  ' po in t s  g ives  e s t ima ted ' con t ro l  e f f i -  

The i n i t i a l  and annual opera t ing  c o s t s  assoc ia ted  with these  t h r e e  en- 

4' 

2' 

I 

6 -2 



I .  

c 

4 4 4  z z z  

=L 
0, _ .  

E 0. % 0 
O. 
0 
0 
p.l 

0 
U 

0 0  
0 0  

0 0  

“ 3  
0- 

w o  

urn  
w 3  . 
0 0  

0 P . u  
0 
0 0 0  
. u o  O. 9 8 0 O- m 4  4 m C 1  

0 
U 

CDr- 

0 0  . u u  
m o o  
0 P . P  

00 
’ a1 

6-3 

.4 
3 

al 
3 
a 

s 

m 

rl 

U 
0 
U 

m 

Ei 
U 
VI 
Sr 
VI 

4 
0 
Y 
U 
E 
0 
V 

e 
0 
.4 
U 
m 
U 
VI 

0 
0 

m 
O, 

3 
9 

aJ 
5 
0 
U 

x 
3 
C 
0 

il 
m 
0 
0 
U 

M 
m 
5 
M 
C 
i 
Y 
Y 
aJ 
3 



. . .  I .  
been est imated by t h e  Dravo Corporation t o  be $ l O O , O O O , ~ /  bu t  no annual 

ing topcovers and a i r t i g h t  conveyor enc losures  were estimated by a ma te r i a l s  
handl ing con t r ac to r  t o  be $35 t o  $70 / f t ,  r e s p e c t i v e l y ,  but t he  a i r t i g h t  con- 
veyor cos t  does not include the  cos t  of  a dus t  c o l l e c t i o n  system. No annual 
opera t ing  c o s t s  were obtained.  The i n i t i a l  coa t  of enclosing conveyor t r a n s -  
f e r  s t a t i o n s  is $3,000 f o r  simple enclosure t o  $18,000 f o r  enclosure with bag 
f i l t r a t i o n , s /  bu t  no annual opera t ing  c o s t s  were obtained f o r  t h i s  cont ro l  
measure. 

I .  , .. . opera t ing  c o s t s  were obtained for  t h i s  system. The i n i t i a l  c o s t s  of  i n s t a l l -  

W' 

6.1.2 Option B: Spray Systems 

. 

Spray systems which u t i l i z e  water and/or chemical wet t ing  agents  a r e  
e f f e c t i v e  methods of  dus t  con t ro l  f o r  r a i l c a r  unloading s t a t i o n s  and conveyor 
t r a n s f e r  s t a t i o n s .  The water spray systems c r e a t e  mists which capture  dus t  
emissions.  Wetting agents  agglomerate f ine  p a r t i c l e s  which would otherwise 
escape t h e - c o n t r o l  of  water sprays.  

Extent  of  Application-- 

methods of c o n t r o l  a t  va r ious  points .  

Problems Associated k t h  Application-- 
Problems assoc ia ted  wi th  spray systems inc lude  the  i n a b i l i t y  of t h e  sys-  

tems t o  work below' f r eez ing  temperatures and t h e  poss ib le  buildup o f  impacted 
ma te r i a l  a t  t h e  materials handl ing s ta t ion .  

Control  Performance-- 
Estimated c o n t r o l  e f f i c i e n c i e s ,  as determined by MRI, f o r  material 's han- 

d l ing  spray systems a r e  presented i n  Table 6-1. 
t i ons  u t i l i z i n g .  spray  systems, a con t ro l  e f f i c i e n c y  o f  80% i s  es t imated .>  
use of  spray systems-at .a-cpveyor t r a n s f e r  s t a t i o n  has  an est imated c o n t r o l ' '  

The in t eg ra t ed  i ron  and s t e e l  p l a n t s  surveyed by M R I  u t i l i z e d  these  

. .  

For r a i l c a r  unloading s t a -  

. .  - &-. . .- __ - e f f i m e n E m  t o  95%.  
. . .  . .  . . .  .. . ,  

Control Cost -- 

loading s t a t i o n s  have' been estimated by t h e  Dravo C o r p o r a t i o n s /  t o  be  
$30,000 and $40,000, r e spec t ive ly ;  bu t  no 'annual '  opera t ing  c o s t  da t a  were 
obtained f o r  t h i s  system. 

' . T a b l e  6-1 presents  c o s t  d a t a  f o r  spray systems. The i n i t i a l  c o s t s  of  
. .  
' , . 't'~. implementing'spray systems on quick bottom-dump and rotary-dum r a i l c a r  un- .. 

. .  
' . 

I, The i n i t i a l  c o s t  f o r  a foam-type spray system is $10,000 t o  $15,000 per 
conveyor t r a n s f e r  po in t .  For t h i s  system, it is s t a t e d  t h a t  by i n j e c t i n g  the  
foam i n t o  the  f r e e  f a l l i n g  aggregate a t  the  f i r s t  t r a n s f e r  po in t ,  adequate 
d u s t  con t ro l  w i l l  be r e a l i z e d  through subsequent conveyor and t r a n s f e r  opera- 
t i o n s .  
t e r i a l  throughput .%I 

The annual ope ra t ing  cost of t h i s  system is 2 t o  4c/ ton of t r e a t e d  ma- II 
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. 

The i n i t i a l  cos t  of implementing mul t ip le  conveyor sprays for  a plant  
handling 2.2 x lo6 tons  of ma te r i a l  p e r  year  w a s  es t imated by a ma te r i a l s  
handling cont rac tor  t o  be $200,000. No annual ope ra t ing  c o s t s  f o r  t h i s  sys- 
tem were obtained.  

6 .2  STORAGE PILE LOAD-IN 

6.2.1 Option A :  Reduce Drop Distance 

Reducing the  d i s t ance  t h a t  a m a t e r i a l  f a l l s  during the  load-in process 
minimizes the po ten t i a l  f o r  f u g i t i v e  dus t  emissions.  Control may be brought 
about (a) by increased opera tor  awareness in t he  u s e  of  convent ional  f r o n t -  
end loaders ,  overhead conveyors, o r  c lamshel l  buckets or (b) through the  use , 

of spec ia l ized  equipment, including he ight -ad jus tab le  s t acke r s  (both s t a t i o n -  
a r y  and mobile) and t e l e scop ic  chu te s .  

A t e l e scop ic  chute  is  placed at  t h e  discharge end of  e i t h e r  a mobile or 
s t a t i o n a r y  s t acke r .  The t e l e scop ic  chute  c o n s i s t s  of  a s e r i e s  of  thin-wal led 
cy l inde r s  which guide the  ma te r i a l  being dropped by t h e  s t acke r .  A s  t h e  p i l e  
grows in h e i g h t ,  a sensor r e t r a c t s  t h e  cy l inde r s  so they do not become e m -  
bedded in the  p i l e .  
drop d i s t a n c e  t o  a few f e e t .  

Extent o f  Application-- 

s t acke r s  t o  some exten t  i n  the load- in  process.  However, t e l e scop ic  chutes  
were not in use a t  these  p l an t s .  

The t e l e s c o p i c  chute  can reduce the e f f e c t i v e  ma te r i a l  

Of t h e  four  p l an t s  surveyed by M R I  f o r  open dus t  sources ,  t h r e e  u t i l i z e d  

Problems Associated with Application-- 

new) conveyor systems, whenever t h e  conveyor system breaks down, the  s t a c k e r  
becomes inoperable .  Telescopic  chu te s  could become embedded in t he  p i l e  with 
the r e s u l t  t h a t  s tacking  systems would overload.  No information was received 
on the frequency of  t h i s  occurrence.  

Control Method Performance-- 
Estimated con t ro l  e f f i c i e n c i e s  assoc ia ted  with reduct ion  of drop d i s -  

tance ,  a s  determined by MRI, a r e  presented in Table 6 - 2 .  The v i s i b l e  dus t  
generated from t h e  use of s t acke r s  and t e l e scop ic  chutes  was compared t o  the 
dus t  generated u t i l i z i n g  front-end loaders  o r  c lamshel l  buckets ,  in der iv ing  
the con t ro l  e f f i c i e n c i e s .  An est imated con t ro l  e f f i c i ency  o f  25% is assigned 
t o  s t a c k e r s ,  which have t h e  c a p a b i l i t y  of  l i m i t i n g  the  drop h e i g h t ;  and t e l e -  
scopic  chutes  are assigned an est imated con t ro l  e f f i c i e n c y  of  75%. 

Because s t a t i o n a r y  or mobile s t a c k e r s  r equ i r e  t i e - i n  wi th  ( e x i s t i n g  o r  

. .  . .  .. . .. . , ?..; . .  

. .. .. . .. , 
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TABLE 6-2. STORAGE PILE ACTIVITY DUST CONTROLS 

Estimated AIIWuIDl 

e f f i c i e n c y  I n i t i a l  C O I t  s o s t  
con t ro l  opera t ing  

Control merhod ( X )  (1977 I )  (1977 I )  

Load-in 
Option A: Reduce drop d i s t a n c e  

S tacker  - h e i g h t  a d j u s t a b l e  
Telescopic chutes 

Opdon B: Enclosures 
S t o n e  h d d c r s  
Wind guards 

siscker - spray3 
opt ion  c:  spray system 

Vehicular t r a f f i c  around s t o r a g e  
p i l e s  (see Table 6 - 4 )  

Wind erosion f r m  s t o r a g e  p i l e s  
o p t i o n  A: Surface s t a b i l i z a t i o n  

Regular watering 
Surface c r u s t i n g  agent6 

o p t i o n  0: Enclorurer 
storage s i l o s  
Vegetative w n d  breaks 
Lou p i l e  he ight  

Load-out 
option A: Reduce material 

d is turbance  
Gravity-feed-plow reclaimer 

Pake reclaimer 
Bvcket ~+.hetl reclaimer 

Option 8: Spray s y s t e m  
Bucket wheel rech imi  sprays 

25 
7s 

en 
9 

75 

8 d  bl 
up t o  99- 

1w 
30 
30 

85 

85 
80 

95 

1M).OOO t o  5,300,000 
7.000 

2 0 , m  
10,000 t o  50,000 

60.000+ 

11,000 
11,OooC 

6 0 l t o n  m a t e r i a l  s t o r e d  

NA 
3s LO 3501cred 

35 t o  6Olton m a t e r i a l  

NA 
2.2 t o  5.3 x 10 

s t o r e d  

6 dl 

60,00@ 

NA 
NA 

NA 
NA 

tu 

NA 
0.004 t o  0 . l l S . q  f t  

NA 
NA 
NA 

NA 

NA 
NA 

NA 

- a/ Based on a wind-activated sprinkler system. 

- b l  Based on measured &at., see Appendix~C. 

c l  Lou value 8 - f t  trees; high value 25-f t  t r e e s .  - 
d l  Based on a mobile s t s c k e r l r c c l a i m e r  system. 

. .  
- 

. 
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Control  Cost--  

The i n i t i a l  cos t  f o r  a s tacker  i s  dependent on (a) whether it i s  s t a t i o n a r y  
o r  mobile, (b) t he  r a t ed  c a p a b i l i t y  of  t he  equipment, and (c) whether t he  
s tacker  is combined with a reclaiming opera t ion .  Depending on r a t e d  capac i -  
t i e s ,  s t a t i o n a r y  s t acke r s  have an i n i t i a l  c o s t  of $lOO,OOO+. 
vary g r e a t l y  i n  cos t  a s  shown by t h e s e  examples: 

Cost d a t a  f o r  s t acke r s  and t e l e s c o p i c  chutes  a r e  presented 'in Table 6-2. 

Mobile s t acke r s  

1. Ore yard s t acke r ,  capac i ty  2,000 t / h r :  $600,000. 

2. I r o n  ore  s t acke r ,  capac i ty  d a t a  not ava i l ab le :  $1,800,000. 

3. Coal and coke yard s tacker / rec la imer  combination, s t acke r  capac i ty  
2,000 t /hr :  $2,250,000. 

4 .  Coal yard s tacker / rec la imer  combination, s t acke r  capac i ty  3,000 t / h r :  
$4,000,000. 

5. Ore yard s tacker / rec la imer  combination, s t acke r  capac i ty  5,000 t / h r :  
$5,300,000. 

These approximate c o s t s  o f  equipment purchase and e rec t ion  were obtained 
from t h e  Dravo Corporation.52/ No annual opera t ing  c o s t  d a t a  were obta ined .  

The i n i t i a l  cos t  of a t e l e s c o p i c  chute ,  as quoted f o r  a 30- f t  m a x i m u m  
p i l e  he igh t  i s  $7,000. 
t r a c t o r .  

This c o s t  was obtained from a ma te r i a l s  handl ing con- 
No annual operat ing c o s t  d a t a  were obtained.  

6.2.2 Option B: Enclosures 

The t o t a l  o r  p a r t i a l  enclosure o f  f r e e  f a l l i n g  aggregate  as it leaves  
t h e  discharge end of  a s tacker  reduces f u g i t i v e  dus t  emissions.  Enclosure 
methods appl icable  t o  s t acke r  load-in include s tone l adde r s  and wind guards.  

Stone ladders  a r e  permanent dev ices  which guide t h e  ma te r i a l  from a 
s tacker  t o  t h e  p i l e .  The ladder  c o n s i s t s  of a v e r t i c a l  tube (connected t o  a 
s t a t i o n a r y  s tacker )  loca ted  i n  t h e  c e n t e r  of  t h e  p i l e  with openings i n  t h a t  
tube a t  var ious  he igh t s .  Mater ia l  f i l l s  up t h e  tube u n t i l  it reaches an 
opening not covered by t h e  p i l e  a t  which poin t  i t  flows ou t  onto the  p i l e .  

Wind guards are f ixed in length  and a r e  placed a t  t he  d ischarge  end of  
They opera te  somewhat l i k e  the  t e l e scop ic  chute  in reduc- the  s t a c k e r  arm. 

ing t he  eroding ac t ion  of t he  wind. 

P 
. . ; 
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Extent  of  Applicat ion-  

These devices  a r e  used t o  a g rea t e r  ex ten t  i n  the crushed s tone indus t ry .  

Problems Associated wi th  Application-- 

This p laces  r e s t r i c t i o n s  on t h e  type of  p i l e  formation poss ib le .  
problems are assoc ia ted  wi th  wind guards.  

None of  t h e  s t e e l  p l a n t s  surveyed u t i l i z e d  s tone ladders  or wind guards.  

8 

Stone l adde r s  a r e  s t a t i o n a r y  and must be  a t tached  t o  a s t a t iona ry  s t acke r .  
No p a j o r  

Control  Performance-- 
Estimated con t ro l  efficiencies assoc ia ted  with enclosures ,  as determined 

by MRI ,  a r e  presented i n  Table 6-2. Stone l adde r s  and wind guards have es t i -  
mated con t ro l  e f f i c i e n c i e s  of  80 and 50%, r e s p e c t i v e l y ,  r e l a t i v e  t o  use Of 
front-end loader  f o r  s to rage  p i l e  load-in.  

Cont ro l  Cost-- 

Table 6-2. The in i t ia l  cost  of a a tone l adde r ,  f o r  a 30-f t  m a x i m u m  p i l e  
h e i g h t ,  a s  quoted by a materials handl ing c o n t r a c t o r ,  i s  $20,000. 
guards have a i n i t i a l  c o s t ,  as quoted by t h e  Dravo Corporat ion,  o f  $10,000 
t o  $50,000.- 527 Annual opera t ing  coa t  d a t a  were not obtained f o r  t hese  con- 
t r o l  methods. 

The i n i t i a l  and annual opera t ing  c o s t s  f o r  enclosures  a r e  presented in 

Wind 

6.2.3 Option C :  S p r a y  Systems 

. 

U t i l i z i n g  a water or wetting- agent  sp ray  syst&n a t  t h e  discharge end of  
I a s t a t iona ry  or mobile s t acke r  e f f e c t i v e l y ,  mi.nimizes f u g i t i v e  dus t  emissions.  

Extent  of  Applicat ion--  
None of t h e  p l a n t s  surveyed by MRI  u t i l i z e d  th i s  cont ro l  method. 

, ' .  Problems Associated with Application-- ....: :.: 
Because t h e  spray system requ i r e s  water as the  main con t ro l  agent  or a s  

Also,  w i th  mobile s t acke r s ,  c a r e  must 
a carrier medium f o r  chemical wet t ing  a g e n t s , ,  special c a r e  ts requi red  when 
working under subfreezing condi t ions .  

..: . . - ,  

, . b e  taken in maintaining t h e  t r a v e l i n g  tubing and piping.  
. .  . .  . ,  

.... 
. -  . . .. . .  . 

. .  
Control  Performance-- - ,  . .  

Estimated con t ro l  e f f i c i e n c i e s  a s soc ia t ed  wi th  s tacker  spray systems, 
as determined by MRI, a re  presented i n  Table 6-2. 

f ic iency  o f  75%. 

Control  Cost--  

system which wets the ma te r i a l  as it f a l l s  from the  s tacker  arm h a s  an i n i t i a l  

Rela t ive  t o  use of  uncon- 
. t r o l l e d  front-end loaders ,  a s tacker  spray system has  an est imated con t ro l  e f -  

P h  

Cost d a t a  f o r  s t acke r  spray systems a r e  presented in  Table 6-2. A spray + 
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c o s t  of $60,000+. This  inc ludes  piping,  sp rays ,  r e e l s  f o r  mid-travel  pickup, 
and wet t ing  agent propor t ioners .  
the Dravo C o r p o r a t i o n . x /  

6.3 VEHICULAR TRAFFIC AROUND STORAGE PILES 

The above c o s t  information was obtained from 
No annual  opera t ing  cos t  d a t a  were obtained.  

Fugi t ive  dus t  i s  generated by the  var ious  types o f  veh ic l e s  which t r a n s -  
r) 

por t  ma te r i a l s  t o  and from s to rage  and which maintain the  s to rage  p i l e  con- 
f igu ra t ions .  These veh ic l e s  c o n s i s t  mainly of  f ront-end loade r s ;  however, 

,;.... . . l a r g e  dump t rucks  may a l s o  .be used, e s p e c i a l l y  i n  the  s l a g  p l an t  a r eas .  Wa- .' :.. . .  

t e r i n g  and chemical d u s t  suppressants  may be used t o  con t ro l  emissions from .. , 
vehicular  t r a f f i c .  Information on these  con t ro l  op t ions  a r e  presented in  
Sect ion 6 .6 ,  Vehicular T r a f f i c  on Unpaved Roads. 

6.4 WIND WOSION FROM STORAGE PILES 

6.4.1 Option A :  Surface S t a b i l i z a t i o n  

The process of s t a b i l i z i n g  t h e  su r face  l aye r  o f  a p i l e  c o n s i s t s  of  bind-  
ing the sur face  p a r t i c u l a t e s  i n t o  a nonerodible  c r u s t .  Occasional water ing 
o f  t h e  p i l e  sur face  o r  t he  add i t ion  of  chemical c r u s t i n g  agents  w i l l  accom- 
p l i s h  t h i s  t a sk .  

Extent of Application-- 
A t  one p l an t  surveyed by M R I ,  a d a i l y  water ing program f o r  t h e  coal  

s torage p i l e s  was implemented t o  reduce wind eros ion .  

Problems Associated wi th  Applicat ion--  
Typica l ly ,  s torage  p i l e s  a r e  sub jec t  t o  t h e  add i t ion  or removal o f  ma-  

t e r i a l  many times during t h e  course  o f  a week. Every time t h i s  occurs ,  the 
sur face  c r u s t  is d i s tu rbed .  Thus, sur face  water ing or t he  app l i ca t ion  of 
c r u s t i n g  agents  mus t  be done on a f requent  b a s i s .  

In  order  t o  wet t h e  sur face  l a y e r ,  a network of  s p r i n k l e r s ,  towers,  wa- 
t e r l i n e s ,  pumps or tank t ruck  sprayers  a r e  requi red .  The pos i t ion ing  of t h i s  
equipment may i n t e r f e r e  wi th  t h e  normal p i l e  l o a d - i d l o a d - o u t  procedures.  
Also,  con t ro l  systems which use water  can become inoperable  during f reez ing  
weather condi t ions .  I n  a d d i t i o n ,  some ma te r i a l s  such as processed s l a g  a r e  
normally marketed i n  t h e  dry  s t a t e ,  making t h e  add i t ion  of water undes i rab le .  

Control  Performance-- 

as determined by MRI, a r e  presented i n  Table 6-2.  The con t ro l  e f f i c i e n c y  a s -  
soc ia ted  wi th  pe r iod ic  water ing of t h e  p i l e  sur face  i s  est imated t o  be 80%, 
assuming t h a t  wet t ing  o f  s torage  p i l e s  occurs  on a r egu la r  b a s i s .  

Estimated con t ro l  e f f i c i e n c i e s  a s soc ia t ed  wi th  surface s t a b i l i z a t i o n ,  

. -  f Water spray 
. .  . .  systems may c o n s s i t  of  s t a t i o n a r y  ground l e v e l  s p r i n k l e r  systems, tower-mounted 

. .  . ,  . .  .. 
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s p r i n k l e r s ,  or nob i l e  tank-truck sprayer  systems. 
s t a t i o n a r y  ground l e v e l  system wet t ing  two 900-ft  long coal  p i l e s  u t i l i z i n g  
s p r i n k l e r  heads spaced every 180 f t .  
d i t i o n s ,  t h e  system of 32 s p r i n k l e r s  surrounding t h e  p i l e s  sprays about 13,000 . 
g a l .  of  water per day. 
t i o n  of f u g i t i v e  dust.- 

An operat ing example is a 

Under d u s t  producing meteorological con- 

is system adequately c o n t r o l s  wind erosion genera- 
55T1 

A s p r i n k l e r  system mounted on a 30-f t  tower producing a dense,  40-ft  wide * cloud of  water m i s t  ha s  been used t o  minimize s torage  p i l e  wind erosion a t  a 
quar ry  s i te .  This system, which is both wind speed and d i r e c t i o n  ac t iva t ed ,  
has  produced favorable  resu l t s . -  56 I 

The c o n t r o l  e f f i c i e n c i e s  assoc ia ted  wi th  t h e  spraying of  surface c r u s t -  
ing agents  upon s to rage  p i l e s  can extend t o  99%,  a s  der ived from wind tunnel  
t e s t s  (Appendix C) . Surface c rus t ing  agents  can be appl ied by e i t h e r  s t a -  
t i ona ry  or mobile sp r ink le r  systems. Example chemicals and app l i ca t ion  r a t e s  
f o r  d i f f e r e n t  types of  t hese  c r u s t i n g  agents  are presented i n  Table 6-3. 

Contro l  Cost-- 
The i n i t i a l  and annual opera t ing  c o s t s  f o r  sur face  s t a b i l i z a t i o n  a r e  pre- 

sented i n  Table  6-2. The i n i t i a l  cost  of  e r e c t i n g  a s t a t i o n a r y  elevated water 
spray system, which con t ro l l ed  one r e l a t i v e l y  l a r g e  s tockp i l e ,  was est imated 
t o  be  about $11,000, including sprays,  piping,  pumping, wind instruments and 
i n s t a l l a t i o n  costs .56/  
tem. 

No annual opera t ing  c o s t s  were obtained for  t h i s  sys- 

The c o s t  o f  applying sur face  c r u s t i n g  agents t o  s to rage  p i l e s  from sta- 
t i ona ry  equipment is assumed t o  be  s l i g h t l y  more c o s t l y .  This assumption is 
based on the need f o r  add i t iona l  mixing chambers and proport ioners  t o  d i l u t e  
t h e  c r u s t i n g  agents  wi th  water. 
c r u s t i n g  agents  is presented In  Table 6-3. 

The cos t  of applying these  var ious  surface 

6.4.2 Option B: Enclosures 

Shielding of  s torage  p i l e s  from t h e  d i r e c t  a c t i o n  of  t he  wind, through 
the  use o f  t o t a l  or p a r t i a l  enc losures ,  reduces the  p o t e n t i a l  f o r  fug i t ive  
dus t .  Methods which accomplish t h i s  inc lude  (a) s to rage  s i l o s ,  (b) wind- 
breaks ,  and (c) low p i l e  he igh t s .  Windbreaks are e i t h e r  na tu ra l  ( t r e e s ,  
l oca t ing  p i l e s  i n  low ly ing  areas) o r  man-made (bui ld ings ,  fences) .  

Extent  of Application-- 
Storage s i l o s  a r e  used more f o r  t h e  s torage  of spec ia l  ma te r i a l s  than as 

measures aga ins t  wind erosion.  A t  one p lan t  surveyed by MRI, however, the 
major i ty  of  c o a l  was s to red  i n  one l a r g e  s i l o ,  p a r t i a l l y  a s  a measure aga ins t  
wind eros ion .  Although the surveyed p l an t s  d i d  not u t i l i z e  na tu ra l  windbreaks, - 

6 -10 



i 

TABLE 6-3. EXAMPLE SURFACE CRUSTING AGENTS FOR STORAGE PILES 
AND EXPOSED AREAS:’ 

Surface c r u s t i n g  Appl ica t ion  Appl ica t ion  
g e n t  (concentrate)  D i lu t ion  rate cost- b/ 

A. Organic polymers 

Johnson-March, F u l l  1 ga l .  concent ra te  

Houghton, 2% s o l u t i o n  1 gal .  concent ra te  
SP-301 s t rang t h  per  100 f t 2  1.2c 

Rex0801 5411-B p e r  300 f t 2  0.7c 

B. Petroleum r e s i n  
water  emulsion 

Witco Chemical, 20% 1 g a l .  concent ra te  
Coherex s o l u t i o n  per 50 f t 2  0 . 4 ~  

C. Latex type-synthet ic  
l i qu id  adhesive 

. Dowell M145 49. water 4 ga l .  of 49. s o l u t i o n  
chemical b inder  s o l u t i o n  p e r  100 f t 2  0 . 4 ~  

- a/ Reference 5 5 .  

- b /  Cost per square foot  of su r face  a rea .  

! 
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the  p i l e s  were usua l ly  loca ted  near bu i ld ings  ( s i n t e r  p l a n t ,  coke ovens or 
b l a s t  furnaces) ,  and these  s t r u c t u r e s  probably reduced the eroding force of  
t h e  wind. Many p i l e s  were observed t o  have low h e i g h t s ,  w h i c h  was mainly a t -  
t r i b u t e d  t o  the  assoc ia ted  p i l e  load-in methods. Because sur face  wind speed 
inc reases  w i t h  he igh t ,  lower p i l e  he igh t s  r e s u l t  in lower sur face  wind  speeds 
and less wind eros ion .  

Problems Associated w i t h  Applicat ion--  

veyors used for  the loading and reclaiming o f  t h e  s tored  ma te r i a l s  and (b) 
poss ib l e  explos ion  hazards  caused by t h e  h igh  d u s t  concentrat ions ins ide  the 
s i l o s .  
t he  time requi red  for trees t o  reach t h e i r  mature he igh t .  
maintaining low s to rage  p i l e  height  i s  the requirement for  land a rea ,  and 
t h e  poss ib l e  o f f s e t t i n g  e f f e c t  o f  increased p i l e  surface a r e a  exposed t o  the  
eroding ac t ion  o f  t he  wind. 

Control  Performance-- 

presented in Table 6-2.  
r i a l s ,  have an est imated con t ro l  e f f i c i e n c y  of  100%. Windbreaks placed up-  
wind of  t h e  s torage  p i l e  a r e a  based on preva i l ing  wind d i r e c t i o n  a r e  assigned 
an est imated c o n t r o l  e f f i c i e n c y  of 30%. 
g r e a t e r  than 1 5  f t )  has  an estimated con t ro l  e f f i c i e n c y  of  30%. 

Problems assoc ia ted  wi th  s torage s i l o s  inc lude  (a) maintenance of  con- - 

No major problems are assoc ia ted  wi th  n a t u r a l  windbreaks o ther  than 
The problem w i t h  

Estimated c o n t r o l  e f f i c i e n c i e s  f o r  enc losu res ,  a s  determined by M R I ,  a r e  
S i l o s ,  which t o t a l l y  enc lose  the  s torage  p i l e  mate- 

Maintaining low p i l e  height  (not 

Control Cost--  
The i n i t i a l  and annual operat ing wsts f o r  enc losures  are.  presented i n  

Table 6-2. The i n i t i a l  c o s t  of a concrete  s i l o  system is approximately $60 
per ton  o f  maceria'l stored.=' ' The c o s t  of  p l an t ing  t r e e s  f o r  use a s  wind- 
breaks ranges from $35 f o r  8 - f t  t r e e s  (30-ft  he ight  in 15 years)  t o  $350 f o r  
25-f t  t r e e s .  Maintaining low p i l e  h e i g h t s  has  no d i r e c t l y  assoc ia ted  c o s t s .  
No annual ope ra t ing  c o s t s  f o r  these  measures were obtained.  

6 .5  STORAGE PILE u)AD-Ow 

6.5.1 ' Option A :  Reduce Mate r i a l  Disturbance 

Load-out of ma te r i a l  from s to rage  p i l e s ,  accomplished with reclaiming 
methods such as g r a v i t y  feed onto underground conveyors and raking or bucket 
reclaiming of ma te r i a l  onto conveyors, produces minimal mater ia l  d i s turbance ,  
r e s u l t i n g  in l e s s  f u g i t i v e  dus t  emissions than generated by the use o f  a 
front-end loader  t o  pick up, ca r ry ,  and dump ma te r i a l  onto a conveyor. Rake 
rec la imers  v i b r a t e  along the  face  of  a p i l e  and move ma te r i a l  onto an under- 
ground conveyor. 
t a t i n g  the bucket wheel perpendicular  t o  t h e  p i l e  face ,  depos i t ing  mater ia l  
onto a conveyor. 

The bucket wheel reclaiming method moves along the p i l e  ro- 
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Extent o f  Application-- 

t e r i a l s  'from s to rage  p i l e s  w a s  v i a  front-end loade r .  
used s tacker / rec la imer  equipment f o r  a few o f  t h e i r  major p i l e s .  

Problems Associated with Applicat ion--  

ground conveyors include po ten t i a l  mechanical problems wi th  the conveyors and 
the poss ib le  clogging o f  t he  underground t r anspor t ing  r a i l s  and plow, which 
moves ma te r i a l  onto the conveyors. Mobile rake and bucket wheel rec la imers  
which a r e  mounted o n  surface r a i l s  and can reclaim a t  var ious  p i l e  l o c a t i o n s ,  
r equ i r e  spec ia l  p i l e  o r i e n t a t i o n s  and need t o  be connected t o  conveyor sys-  

A t  t he  four steel p l a n t s  MRI surveyed, t he  main method of  reclaiming ma- 
Three of t he  p l a n t s  

Problems assoc ia ted  wi th  the g r a v i t y  feed of  p i l e  m a t e r i a l s  onto under- 

terns, r equ i r ing  per iodic  maintenance. _ .  . 

Control  Performance-- 

determined by M R I ,  are presented i n  Table 6-2. Control  e f f i c i e n c i e s  a r e  e s t i -  
mated r e l a t i v e  t o  use of  uncont ro l led  front-end loaders .  
type reclaiming is est imated t o  have a con t ro l  e f f i c i e n c y  of 85%, based on the 
f a c t  t h a t  the ma te r i a l  is being reclaimed f rom under the p i l e  for  t h e  g r e a t e r  
por t ion  o f  t he  reclaiming process .  Toward the  end of  t h e  reclaiming process ,  
front-end loaders  may have t o  push the remaining p i l e  ma te r i a l  onto t h e  con- 
veyor feed mechanism. 

Estimated c o n t r o l  e f f i c i e n c i e s  fo r  reduct ion  of  ma te r i a l  d i s turbance ,  a s  

Gravi ty  feed plow- 

Rake rec la imers  a r e  ass igned an est imated con t ro l  e f f i c i e n c y  o f  859.. One 
surveyed s t e e l  plant  reclaimed iron ore  and p e l l e t  p i l e s  wi th  this method a t  
mater ia l  r a t e s  of  800 and 900 tons /h r ,  r e spec t ive ly .  The con t ro l  e f f i c i ency  
of  t he  bucket wheel reclaiming method is est imated t o  be 80%. 

Control Cost--  

which reduce ma te r i a l  d i s turbance  a r e  presented in Table 6-2. 
c o s t  of a g r a v i t y  feed plow reclaiming system is es t imated  t o  be from $35 t o  
$60 per  ton of ma te r i a l  s tored ,55/  bu t  no annual ope ra t ing  c o s t s  were obtained 
f o r  t h i s  system. 

The i n i t i a l  and annual ope ra t ing  c o s t s  assoc ia ted  with reclaiming methods 
The i n i t i a l  

Cost d a t a  were not obtained f o r  t h e  rake reclaiming method. 

The bucket wheel reclaimer i s  o f t e n  found a s  p a r t  of  a s tacker / rec la imer  

Y 

combination. 
a s  follows:521 

Examples o f  i n i t i a l  c o s t s  assoc ia ted  with t h i s  combination a r e  

1. Coal and coke s t acke r / r ec l a imer ,  reclaiming capac i ty :  875 tonnes/hr  
coa l ,  approximate c o s t  e r ec t ed :  $2,250,000. 

2 .  Stacker / rec la imer ,  r a t e d  reclaiming capac i ty :  1,500 tonnes/hr  o r e ,  
approximate c o s t  e rec ted :  $4,000,000. 
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3. Stacker / rec la imer .  r a t e d  reclaiming c a p a c i t y :  4,000 t ons /h r  p e l l e t s ,  
approximate c o s t  e r ec t ed : '  $5,300,000. 

NO annual ope ra t ing  c o s t s  were obtained f o r  t h i s  equipment. 

6 .5 .2  Option B:  Spray Systems 

The a p p i i c a t i o n  o f  water or chemical wet t ing  agents  p r i o r  t o  p i l e  load- 
out  reduces f u g i t i v e  dus t  emissions.  Methods include simple sur face  wet t ing  
of p i le .  ma te r i a l  t o  t h e  use of  spec ia l ized  spray systems a t tached  t o  bucket 

. .  

. .  
. ,  wheel rec la imers .  

Extent  of Applicat ion--  
None of  t he  s t e e l  p l a n t s  surveyed by MRI u t i l i z e d  these  con t ro l  methods. 

Problems Associated wi th  Application-- 
Since the  spray systems u t i l i z e  water  as a con t ro l  medium, spec ia l  ca re  

i s  requi red  when working under f reez ing  cond i t ions .  Care must a l s o  be taken 
i n  maintaining piping and tubing equipment which are a t tached  t o  mobile wheel 
rec la imers .  

Control  Performance-- 

sented i n  Table  6-2. The con t ro l  e f f i c i e n c y  f o r  t h e  sur face  wet t ing  of  p i l e s  
prior to front-end loader  or mechanical rec la imer  load-out was not obtained.  
It i s  be l ieved  t h i s  method has a low control  , e f f i c i ency  'orcaws uL.:f ' the 5 ~ 6 :  

from the pf le -  sur face  material is con t ro l l ed .  

l oade r ,  was es t imated  by MRI t o  be 959.. 

Control Cos ts - -  

6-2. The i n i t i a l  c o s t  f o r  a spray system which wets mater ia l  a s  ,it is being 
reclaimed by a mobile bucket wheel rec la imer  i s  $60,000+. This is est imated 
by MRI rrom d a t a  obta ined  for  a s tacker  ( load-in)  spray system.%/ This in -  
-eludes piping,  sp rays ,  reels  f o r  mid-travel  pickup and wet t ing agent propor- 
t ioners . '  

Estimated c o n t r o l  e f f i c i e n c i e s  assoc ia ted  w i t h  spray systems a r e  pre- 

. e  The con t ro l  e f f i c i e n c y  f o r  a 
, .   bucket wheel r ec l a imer ,  spray  system, r e l a t i v e  t o  load-out wi th  a front-end 

The con t ro l  c o s t s  a s soc ia t ed  wi th  spray systems a r e  presented i n  Table 
. .  

No annual ope ra t ing  cost  d a t a  were obta ined .  

I 6 .6  VEHICULAR TRAFFIC ON UNPAVED ROADS 

6.6.1 Option A :  D u s t  Suppressants 

The means of  f u g i t i v e  dus t  cont ro l  included under this opt ion  a r e  un- 
paved roadway water ing ,  o i l i n g ,  and the  use  of chemical d u s t  suppressants .  

. .  
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Extent  o f  Application-- 

p l a n t s  surveyed by MRI. 

Problems Associated with Applicat ion--  

(a) need f o r  a continuous program, (b) rap id  drying of  road sur faces  during 
ho t  and dry  weather ,  and (c) t he  pickup o f  wet road sur face  ma te r i a l  onto 
vehic les  and the  subsequent t r ack ing  o f  t h i s  ma te r i a l  onto paved roads.  

Roadway watering and o i l i n g  programs were implemented a t  t h r e e  of t he  

Problems encountered with the water ing of  p lan t  unpaved roads include 

To be  e f f e c t i v e ,  an unpaved road watering program should be based on 
This r e q u i r e s  a commitment with regard t o  regular  and frequent  water ing.  

manpower and equipment. 
t o  reduce dus t  emissions depending on the  c l imate  o f  t he  p l an t  a rea .  
loca ted  in regions experiencing h o t ,  d ry ,  windy per iods w i l l  need t o  increase  
the i n t e n s i t y  and frequency o f  road water ing.  

Usually two o r  more water ings p e r  day a re  appl ied . 
P l a n t s  

The watering o f  unpaved roads  increases  the t racking  of  sur face  mater ia l  
onto paved road sur faces .  This add i t iona l  p a r t i c u l a t e  sur face  loading may be 
reent ra ined  by paved road t r a f f i c .  A paved road sweeping program would re- 
duce the po ten t i a l  for dus t  reentrainment  at  the  junc t ion  o f  paved and unpaved 
roads.  

The o i l i n g  of unpaved roads  may lead  t o  a sur face  runoff  water  po l lu t ion  
problem. 
r e -o i l ed  once a month o r  more f r equen t ly ,  depending on road t r a v e l .  The ad- 
d i t i o n  of  dus t  suppressant chemicals r equ i r e s  spec ia l i zed  mixing and appl ica-  
t i o n  equipment and r equ i r e s  pe r iod ic  r eapp l i ca t ion .  

Control  Performance-- 

methods, a s  determined by MRI, a r e  presented i n  Table 6-4. 

R o p e r  equipnent m u s t  be a l l o c a t e d  and the  roadway may need t o  be 

Estimated cont ro l  e f f i c i e n c i e s  a s soc ia t ed  with dus t  suppressant con t ro l  

The con t ro l  e f f i c i e n c y  r e a l i z e d  from an unpaved road water ing program i s  
based on t he  r e g u l a r i t y  o f  the program and the  type of equipment used. 
s t e e l  p lan t  v i s i t s ,  MRI personnel noted t h e  types o f  watering t rucks  and f r e -  
quency o f  use .  The equipment ranged from r e t r o f i t t e d  home hea t ing  o i l  d e l i v -  
e r y  t rucks  t o  spec ia l i zed  t rucks  wi th  mounted pressur ized  spray ba r s .  
t e r i n g  programs ranged from sporadic  biweekly water ing t o  water ing of  problem 
a reas  on an almost continuous b a s i s .  An est imated con t ro l  e f f i c i e n c y  of  50% 
h a s  been assigned unpaved road water ing.  This va lue  is dependent on the f r e -  
quency o f  water ing ,  type of road sur face  m a t e r i a l ,  c h a r a c t e r i s t i c s  of  t r a f f i c  
on t he  road ,  and meteorological  condi t ions .  

During 

The wa- 

Monthly o i l i n g  o f  an unpaved road has  an est imated con t ro l  e f f i c i ency  o f  
75%. This  value is based on observa t ion  of  heavy t ruck  t r a f f i c  on o i l e d  and 
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TABLE 6-4 .  ROAD DUST CONTTUJLS 

L.tImated * a n d  

.ffieiancy Ir.ltl.1 c o s t  C0.t 

soatrnl op.r.Cio8 

(Z) (1977 5 )  (1977 $I$ /  control method 

o p t i o n  8 :  Fluahing 
.U.tCI' flu.hlng 

1 1 . 0 0 0 / t r u c k  h l  18,0003' 

b /  ufermce 57. 
. ,  

- 
, . . .  ~. 

a i  - e l  Obtained f k m  SC.01 Plant  PCrMUMl: 

a/ Asamed by MRI. 

e /  Obtained from a romd contractor. 

f/". Reference 58. 

. .  . 0 ;  _ .  - 
. ,  - . .  

. .. 

.. .. . . .  

. 

h_/ Obcained from equipment maaufacruror. 
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nonoiled unpaved road sur faces .  Appl ica t ions  of dus t  suppressants  such as 
Coherex or Lignin t o  t e sur face  aggregate  has  an est imated c o n t r o l  e f f i -  
ciency of 90 t o  95%.- 587 

Control Cost--  

s a n t s  t o  unpaved roads a r e  presented i n  Table 6-4. 
road watering program are based on information obtained from personnel a t  
one of  the surveyed p l a n t s .  The i n i t i a l  cos t  of  a nonpressur i ted  spray water 
t ruck  wi th  a 3,000-gal. capac i ty  is $10,000. 
water ing roadways twice a day was est imated t o  be $20,000. 

The i n i t i a l  and annual ope ra t ing  c o s t s  f o r  app l i ca t ion  o f  dus t  suppres- 
The c o s t s  of  an unpaved 

The annual opera t ing  cos t  o f  

The i n i t i a l  c o s t  o f  $2,50O/mile f o r  road o i l i n g  was obtained from a road 
con t r ac to r .  The frequency r a t e  o f  monthly r e - o i l i n g  w a s  determined from d i s -  
cussion with personnel a t  a surveyed p l an t .  
suppressants  t o  t h e  unpaved road s u r f a c e  is est imated t o  be $5,000 t o  $12,000 
per m i l e . z /  
e r a t ing  c o s t s  are est imated t o  be $31,000 t o  $75,000 p e r  year  f o r  a p lan t  hav- 
ing 6.3 mi les  of  unpaved roadways. 

The i n i t i a l  cos t  o f  adding dus t  

Resurfacing is requi red  a t  l e a s t  once a yea r ;  t h u s ,  annual op- 

6.6.2 Option B: Improvement of  Road Surface  

The methods o f  f u g i t i v e  dus t  c o n t r o l  included under t h i s  op t ion  a r e  (a) 
t h e  use of low s i l t  aggregate for unpaved sur fac ing ,  (b) o i l  and double ch ip  
sur fac ing ,  and (c) t h e  paving o f  unpaved sur faces .  

Extent of Applicat ion-  

surveyed by M R I .  

Problems Associated with Application-- 

tenance t o  keep t h e  sur face  from accumulating f rac tured  aggrega te ,  which w i l l  
c r e a t e  dus t .  
maintained and may degenerate  under heavy t ruck  t r a f f i c .  

The f i rs t  and l a s t  of these  c o n t r o l  methods were implemented a t  two p lan t s  

The use of  low s i l t  aggregate ma te r i a l  may r equ i r e  increased road main- 

An o i l  and double c h i p  sur face  w i l l  need t o  be pe r iod ica l ly  

There a r e  two,.-toblems encountered when paving unpaved roads.  An ade- 
qua te  roadbed m u s t  be provided t o  handle  the  weight o f  veh ic l e s  ranging from 
3 t o  70 tons .  
t o  prevent excessive d u s t  reentrainment  by vehic les .  

Control  Performance-- 
Estimated c o n t r o l  e f f i c i e n c i e s  r e a l i z e d  from t h e  improvement o f  the un- 

paved su r face ,  a s  determined by MRI, a r e  presented in Table 6-4. The use o f  
low s i l t  sur face  aggregate  has  an  es t imated  con t ro l  e f f i c i ency  of 30%. Sur- 
fac ing  wi th  an o i l  and double ch ip  l a y e r  has  an est imated c o n t r o l  e f f i c i e n c y  

Also,  once the road is paved, it should be pe r iod ica l ly  cleaned- - 
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of  80%. The c o n t r o 1 . e f f i c i e n c y  r ea l i zed  from a paving program is dependent 
on t h e  degree t o  which t h e  roads are kept f r e e  of  sur face  loadings.  Based on 
a weekly sweeping program, the  cont ro l  e f f i c i e n c y  f o r  paving unpaved sur faces  
is  es t imated  t o  be 90%. 

Control  Cost-- 

ment a r e  presented i n  Table  6-4. The c o s t s  o f  using a lower s i l t  aggregate 
f o r  the .inpaGed r Z Z d s i i f f a c e  were not obtained.  
an i n i t i a l  c o s t  of  $9,00O/mile f o r  an o i l  and double ch ip  sur face ,  with r e -  

su r f ace  has  been es t imated  a t  $28,000 t o  $50,000 per mi le ,  depending on the  
type of  roadbed r equ i r ed .  
normally requi red  every  5 y e a r s ,  was not determined. 

The i n i t i a l  and annual opera t ing  c o s t s  f o r  unpaved road surface improve- 

.. , .  . -. . 
A road con t r ac to r  es t imated 

. . su r fac ing ' r equ i r ed  every 2 to 4 years .  The i n i t i a l  coa t  o f  paving a road 

The cos t  o f  r e su r fac ing  a paved road,  which is 

6.7 VEHICULAR TRAFFIC ON PAVED ROADS 

. 

6.7.1 Option A :  Sweeping 

When excess ive  p a r t i c u l a t e  loading b u i l d s  up on paved road su r faces ,  t he  
degree of  veh ic l e  reentrainment  o f  t h i s  dus t  i nc reases .  To minimize these  
d u s t  emiss ions ,  motorized broom sweepers and motorized vacuum sweepers a r e  
used t o  remove t h e  d u s t s  from t h e  paved roadway. 

. .  Excent oi irppiicai;vu-- .~ 

. .  A t  two p l a n t s  surveyed by MRI, sporadic  programs o f  broom.sweeping were 
implemented. 

R-oblems Associated wi th  Application- 

i n g  ope ra t ion .  Also',' if t h e r e  is no means t o  ca tch  the swept d u s t ,  the  broom 
is ttse'lf a source of  f u g i t i v e  dus t .  

Cont ro l  Performance-- 

i n  Table 6-4, are dependent on t h e  frequency o f  t he  implemented cont ro l  pro- 
grams. 
Biweekly s t r e e t  vacuuming is est imated t o  be 75% e f f i c i e n t ,  based on d iscus-  
s ions  wi th  personnel  a t  a plant  where th i s  method was implemented. 
t imated con t ro l  e f f i c i e n c i e s  were determined by MRI. 

One' p l an t  had a biweekiy road vacuming  program.^ . .  
' . . .  . .  

. .  . .  . .. * ,  1 .  

. .  

The use o f  broom sweepers may produce more f i n e s  than they pick up dur-  

Es t imated .cont ro1  e f f i c i e n c i e s  . r ea l i zed  from. these  measures, a s  presented 

Broom sweeping is est imated t o  be 70% e f f i c i e n t  when done biweekly. 

These e s -  

Control  Costs--  

a r e  presented i n  Table 6-4. The i n i t i a l  c o s t  of  a broom sweeper designed for 
i n d u s t r i a l  roadway app l i ca t ions  ranges from $4,000 f o r  a t r a i l e r - t y p e  sweeper 
t o  $12,000 f o r  a se l f -propel led  un i t  w i th  a water  spray b a r ,  as determined by 

The i n i t i a l  and annual operat ing c o s t s  f o r  paved road sweeping programs 

. 
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t h e  Roscoe Manufacturing Company.2’ 
be  $18,000. 
annual ope ra t ing  cost is a l s o  $22,000. 
personnel where such a program was implemented. 

Annual opera t ing  c o s t s  were assumed t o  
The i n i t i a l  c o s t  f o r  a vacuum s t r e e t  sweeper i s  $22,000; and the 

These va lues  were obtained from p lan t  

6.7.2 Option 8 :  Flushinq 

The f lush ing  o f  paved road su r faces  with water  t o  remove roadway dus t s  
i s  a v i a b l e  method t o  reduce veh ic l e  reent ra ined  d u s t s .  

Extent  of  Application-- 

served a t  any of  t h e  s t e e l  p l a n t s  surveyed by MRI. 

Problems Associated with Application-- 

Also,  t h e  f lush ing  o f  roadway sur face  d u s t  may c r e a t e  a water po l lu t ion  prob- 
lem, a s  t hese  ma te r i a l s  run o f f  t o  low ly ing  a reas .  

Control  Performance- 

was assigned t o  weekly roadway f lu sh ing .  

Control  Cost-- 

f lush ing  program. The in i t ia l  c o s t  of a 3,000-gal.  capac i ty  s t r e e t  f l u she r  
is $11,000 excluding t h e  t ruck  c h a s s i s .  An annual opera t ing  c o s t  was es t i -  
mated by MRI t o  be  $18,000, as obta ined  from the  Roscoe ManufacturingCompany.- 

6.8 W I N D  EROSION FRCN EXPOSED AREAS 

This technique is used i n  many urban a r e a s ;  however, i t s  use was m t  ob- 

Roadway f l u s h e r s  may inc rease  veh ic l e  mud t r ack ing  from unpaved a reas .  

A s  ind ica ted  i n  Table  6-4, an MRI-estimated c o n t r o l  e f f i c i e n c y  of  809. 

Table 6-4 p resen t s  t he  i n i t i a l  and annual  ope ra t ing  c o s t s  for  a road 

59‘ 

6.8.1 Option A :  Surface S t a b i l i z a t i o n  

The su r face  l a y e r  o f  an exposed a r e a  may be s t a b i l i z e d  by pe r iod ic  water- 
ing  or occas iona l  a p p l i c a t i o n  o f  s t a b i l i z i n g  so lu t ions .  O i l ing  and paving, 
more permanent methods, a r e  q u i t e  e f f e c t i v e  i n  reducing exposed a r e a  f u g i t i v e  
d u s t s  generated by wind eros ion .  

Extent o f  Application-- 

a r e a  f u g i t i v e  dus t  emissions.  
exposed ground area .  

Problems Associated with Applicat ion--  

prevent ing the  use of s p r i n k l e r  con t ro l  systems, which would spray f in i shed  

Only one p l an t  surveyed by M R I  had implemented a program t o  reduce exposed 
This p lan t  had paved t h e  vast  n a j o r i t y  o f  i t s  

Frequent ly  s teel  p l an t  exposed a r e a s  a r e  used for  product s to rage ,  thus ,  
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products .  The use  of s t a b i l i z i n g  chemicals may h inder  t he  growth o f  vegeta- 
t i o n  which is b e n e f i c i a l  i n  reducing wind e ros ion .  
posed a r e a s  may create su r face  water runoff  problems and a l s o  hinder  vegeta- 
t i v e  growth. 
t o  reduce resuspens ion  o f  p a r t i c u l a t e s .  

Control  Performance-- 
Est imated c o n t r o l  e f f i c i e n c i e s  f o r  s t a b i l i z i n g  the  sur face  s o i l  l aye r  

a g a i n s t  wind e ros ion ,  as determined by MRI ,  a r e  presented i n  Table 6 - 5 .  
a p p l i c a t i o n  o f  water  t o  t h e  su r face  l aye r  not on ly  wets t h e  su r face ,  bu t  forms 
a hard  c r u s t  upon dry ing ,  vi&% a c t s  t o  bind the  e rod ib le  f i n e  ma te r i a l .  
be e f f e c t i v e ,  however, water ing must be  done pe r iod ica l ly  t o  r ebu i ld  t h e  su r -  
f ace  crust a s  it degrades.  During dry weather ,  water ing two or th ree  t imes a 
week may be necessary.  

The o i l i n g  of these  ex- 

Paving t h e  open areas  would r e q u i r e  occasional  pavement c leaning 

The 

To 

The estimated c o n t r o l  e f f i c i e n c y  is 50%. 

The a d d i t i o n  of  s o i l  s t a b i l i z i n g  chemicals w i l l  a l s o  form a hard sur face  
c r u s t  upon dry ing .  Th i s  su r face  c r u s t ,  i f  l e f t  undisturbed, w i l l  l a s t  from 7 
t o  12 months, making f requent  a p p l i c a t i o n  unnecessary. The s u r f a c e  s t a b i l i z -  
ers as a group are assigned an est imated c o n t r o l  e f f i c i e n c y  of  70%. 

The o i l i n g  of exposed areas is assigned an est imated c o n t r o l  e f f i c i ency  
o f  80%. The areas should b e  o i l e d  every 2 months. Paving t h e  open a reas  and 
occas iona l  c l ean ing  is est imated t o  have a c o n t r o l  e f f i c i ency  of 95%. 

Control  cos t - -  

sented i n  Table 6-5. " The i n i t i a l  cos t  of  a water sp r ink le r  system was e s t i -  
mated by an i r r i g a t i o n  con t r ac to r  t o  be $600 per acre. This system i s  hand- 
moved and inc ludes  piping a i d  sp r ink le r  heads capable 0.f applying 125 g a l .  of 
water  per minute w i t h  an e f f e c t i v e  spray r a d i u s  of  110 f t .  
ing  cos t  for a t y p i c a l  water ing program is $4 t o  $10 .per acre.- 

The i n i t i a l  and annual opera t ing  c o s t s '  f o r  sur face  s t a b i l i z a t i o n  a r e  pre-  

ThF7$nnual opera t -  

The i n i t i a l  c o s t ' o f  o i l i n g  t h e  exposed areas was est imated by a paving 
. . .  , .'.' c o n t r a c t o r  t o  b e  $85 per acre per app l i ca t ion .  The annua l .ope ra t ing . cos t  

'., .. . '*-'would be  dependent on t h e  frequency of  s u r f a c e  o i l i n g  during t h e  yea r .  

The i n i t i a l  c o s t  of paving an a c r e  of exposed a r e a  was est imated by a 
paving c o n t r a c t o r  t o  be  $3,000 for an o i l  and double c h i p  sur face  layer '  and 
$10,000 f o r  paving wi th  a spha l t .  
t hese  two methods. 

No annual opera t ing  c o s t s  were obtained f o r  

6.8.2 Omion B :  Windbreaks 

Methods which are appl icable  i n  reducing t h e  eroding force  o f  t h e  wind 
include p l an t ing  t r e e s  t o  act a s  windbreaks and t h e  p lan t ing  of vege ta t ive  
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' ' ground cover ,  which &pedes t h e  wind's e roding  a b i l i t y  and holds  the  surface 
. .  

s o i l  l aye r  i n  p lace .  . ,  

Exten t  of Applicat ion--  
A t  one p l an t  surveyed by MRI, extens ive  ground cover was observed. 

e v e r ,  no windbreaks were observed a t  any p l an t .  

Problems Associated wi th  Application-- 

than  t h e  time it r e q u i r e s  f o r  t h e  trees t o  grow t o  matur i ty .  The time l ag  
can b e  a l l e v i a t e d  by buying 25 t o  30 f t  trees when s t m t i n g  the  windbreak. 
The p l an t ing  of  vege ta t ion  may be a problem where the  su r face  l aye r  i s  com- 
posed o f  crushed s l a g .  
l a t e  vege ta t ive  ground cover.  Ground cover could pose a f i r e  hazard during 
dry  seasons.  

How- 

No major problems are assoc ia ted  with the p lan t ing  of windbreaks o the r  

Ea r th  and s o i l  n u t r i e n t s  could be requi red  t o  stimu- 

Control  Performance-- 

presented i n  Table 6-5. 
upwind of  t he  open area's p reva i l i ng  wind d i r e c t i o n ,  a n  est imated c o n t r o l  e f -  
f i c i ency  o f  30% i s  assigned t o  windbreaks. If the s h e l t e r  b e l t  surrounds the 
exposed a r e a ,  it may a l s o  act as a t r ap  for suspended d u s t s .  
ground cover has an assoc ia ted  cont ro l  e f f i c i e n c y  of  70%,=' based on cover- 
age during the  e n t i r e  yea r .  

Estimated c o n t r o l  e f f i c i e n c i e s  of  windbreaks, as determined by MRI, a r e  
Based on a tree s h e l t e r  b e l t  40 f t  i n  he ight  placed 

The growth of  

Cont ro l  Cost-- 

presented i n  Table  6 - 5 .  
$35 and $350 per  t ree ,  r e spec t ive ly .  
cover  w s s  no t  ob ta ined ,  bu t  i t  would be  dependent on the  c l imate  and s o i l  
type o f  t he  s teel  p l a n t ' s  exposed a reas .  
methods were obta ined .  

The i n i t i a l  and annual ope ra t ing  c o s t s  f o r  these  con t ro l  measures a r e  
The p lan t ing  of  8 and 25 f t  s h e l t e r  b e l t  trees cos t  

The c o s t  of p lan t ing  vege ta t ive  ground 

No annual opera t ing  c o s t s  f o r  t h e s e  

. 
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SECTION 7.0 

RESEARCH AND DEVELOPMENT RECOMMENDATIONS 

i: 

.I 

,.. 

. 

This section identifies the specific research areas within the iron and 
steel industry which must be investigated before an adequate control program 
can be proposed for fugitive emission sources. Figure 7-1 i s  a flow diagram 
portraying the logic necessary to determine whether a need for research ex- 
ists. Although the ultimate objectives of the research and development pro- 
gram would be to provide control technology for the most critical sources, 
preliminary research may be required to properly characterize and quantify 
the sources being considered. 

The first step in formulating the recommended R h D program is to deter- 
mine the most critical control needs. The criticality of an emissions control 
need is  based on the preliminary ranking of sources according to nationwide 
air quality impact. The subsequent steps address the applicability of current 
control technology to each source being considered. As each apparent research 
need is identified, ongoing research is examined to avoid overlap i n  the recom- 
mended R & D program. 

The following sections present information on each of the above elements 
used in arriving at R 6 D recommendations. 
are defined; ongoing research is  examined; deficiencies in currently avallable 
control technology are identified; and cost-effectiveness analysis is performed. 
Finally, specific research and development programs are recommended. 

7.1 DETERMINATION OF CONTROL NEEDS 

Critical emission control needs 

7.1.1 Ranking Criteria 

The environmental impact of a source on a nationwide scale is  dependent 
on: .(a)..thesmission factor, (b) the nationwide production rate; and (c) the 
percent of fine particulate (particle diameter smaller than 5 um). 
these factors will be discussed and quantified below. 

The Emission Factor- 

It i s  important to realize that the real time source strength is dependent not 

Each of 

The emission factor i s  a measure of the strength of the source when active, 

.. 
7 -1 
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Figure 7-1 .  Flow diagram to determine the need for  R&D. 
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only  on the  emission f a c t o r ,  b u t  on source ex ten t .  Thus, sources  cannot be 
compared on the b a s i s  of  emission f a c t o r  alone. 
f a c t o r s  fo r  process  sources of f u g i t i v e  emissions and f o r  open dus t  sources 
were se l ec t ed  and presented i n  Sec t ions  3 . 2  and 3 . 3 ,  r e s p e c t i v e l y .  

The bes t  a v a i l a b l e  emission 

The Nationwide Production Rate-- 

source.  A source with a small  nationwide production rate may have a compara- 
t i v e l y  l a r g e  emission f a c t o r  whi le  possessing a comparatively small emission 
rate and consequently,  a small  a i r  q u a l i t y  impact. Both t h e  emission f a c t o r  
and t h e  product ion rate are important  i n  es t imat ing  a i r  q u a l i t y  impact. 

The production or throughput rate i s  a measure of t h e  e x t e n t  of  a process 

The nationwide production of  steel and h o t  metal  and t h e  u t i l i z a t i o n  of 
raw materials is  published on a yea r ly  b a s i s  by the  America1 I r o n  and S t e e l  
I n s t i t u t e  (AISI). These da ta ,  a long wi th  the  b e s t  suspended and f i n e  par t icu-  
l a t e  emission f a c t o r s  from Tables  3 - 4 ,  3 - 7 ,  and 3 - 8  were used t o  c a l c u l a t e  
t he  p a r t i c u l a t e  emission r a t e s  f o r  each source as shown i n  Table 7 - 1 .  

The Percent of  Fine Pa r t i cu la t e - -  

than 5 pm i n  Stokes diameter.  This w a s  done f o r  two reasons: (a)  on ly  the  
p a r t i c l e s  smal le r  then 5 pm i n  diameter  have any s i g n i f i c a n t  p o t e n t i a l  f o r  
t r anspor t  over d i s t ances  of  r e g i o n a l  scale and (b) most adverse  h e a l t h  and 
wel fare  e f f e c t s  of p a r t i c u l a t e  a i r  po l lu t ion  are a t t r i b u t a b l e  t o  p a r t i c l e s  
smal le r  than 5 pm i n  Stokes diameter.  

In t h i s  a n a l y s i s ,  sources  were ranked by t h e  emissions of p a r t i c l e s  smaller  

The percent  of p a r t i c u l a t e  sma l l e r  than 5 pm i n  s ize  was determined from 
t h e  l i t e r a t u r e  and from previous open source tests which MRI has performed t o  
quant i fy  emissions.  
cause of t h e  d e a r t h  of  p a r t i c l e  s i z e  information f o r  t he  sources  i n  ques t ion ,  
the "best" value was sometimes t h e  only  value.  Sometimes it was necessary t o  
es t imate  the  percent  o f  f i n e  p a r t i c u l a t e .  

The Representat ive Population Density-- 

a nationwide s c a l e ,  s p e c i a l  p l an t - spec i f i c  impacts would have t o  be  considered. 
For example, because i ron  and s t ee l  p l a n t s  are f o r  t h e  most p a r t  l oca t ed  i n  or 
very  near  l a r g e  populat ion centers, t h e  loca l i zed  impact of a p a r t i c u l a r  fac- 
i l i t y  on an a r e a  of h igh  popula t ion  dens i ty  may increase  the need f o r  c o n t r o l  
of otherwise low p r i o r i t y  sources  a t  t h a t  f a c i l i t y .  

The va lues  were presented i n  Sec t ions  3 . 2  and 3 . 3 .  Be- 

I f  t he  ranking were t o  be performed on a l o c a l i z e d  s c a l e  r a t h e r  than on 

Figure 7-2  shows r ep resen ta t ive  populat ion dens i ty  as a func t ion  of fur -  
nace type.  
of t h e  county i n  which t h e  s teel  p l a n t  was loca ted .  
t he  mean populat ion dens i ty  around BOF shops i s  g r e a t e r  than around EAF or OHF 
shops. 

Populat ion dens i ty  around a steel  p l a n t  w a s  taken t o  be  t h e  dens i ty  
A s  ind ica ted  i n  t h e  f igu re ,  
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TABLE 7 -1 .  NATIONWIDE EMISSION RATES FOR 
FUGITIVE EMISSION SOURCES 

U11sontmll.d UncontroL1.d 
19?6 *uspend.d fl". 

PrOdUductiO" P..ClC"I.f. p.rLlC"I.rr 
5 0 Y 1 5 .  r.c. * 10-6 unl..lO" r.c. s1..1a r,te 

. 

2,300 r l y r  
(2 .so0 IIFI  

9.800 tlyr 
(11.000 Tlyr) 

2 ,300 t iyr  
(2 .so0 I/,=) 

1.500 tlyr 
(1.700 I lyr)  

570 rlyr 
(630 Ilyr) 

CW1.l 

3.500 t l y r  
(3,800 1 Iyr )  

20,000 r/yr 
(22.000 1Iyr) 

9.100 L l g .  
(10,000 1Iy.) 

1,200 C l y r  
(1,300 rlyr) 

30 d y r  
( I 1  V y r )  

650 tlyr 
(710 Vyr)  

Hand 

. .  . . . .. . .  . 
is 'dyr 7.0 t l y r  
(17 1Iyr) (7.7 1lyr) 

. :  i 2.1 tlyr 
(2.3 I l y r )  

12u r / y r  
(130 Ilyr) 

S70 tlyr 
(630 Ilyr) 

160 rlyr 
(180 11yr) 

P*ll.C 79 rlyr 
(87 1 I y r )  

Coal 72 rlyr 
(79 I l y r )  

1.000 t/yr 
(1.800 W y r )  

20 t l y .  4bo d y r  
(22 I I Y . )  0 1 0  1lyr) 

(conr1m.d) 

7 -4 

. .  
. .  

. .  . - .. 



TABLE 7-1. (continued) 

Unconrrolhd Uncontm1l.d 
1976 suspendad fl". 

PrOduSLlon p.rricu1.te P.rL1C"l.t. 
SOYrC. r.t. * 10-6 ra1rrion r.t. d I . 1 0 "  r.c. 

2. COn".ye. tr.nsf.r St .C lOlU  

Iron or. 

. 

Lup 7.0 tlyr 2.1 d y r  
(7.7 T I P )  (2.3 t l y t )  

P.1l.C 79 r / y r  390 r1yr 120 tlyr 
(87 Tlyr) (430 t l y r )  (130 T l y r )  

C0.l 570 r l y r  1.600 t l y r  72 r l y r  
(79 Wyr) (1.800 t l y r )  (630 I l y r )  

Cok. 

s1nc.r 

P.1I.t 

Lim9rron.l 
dolmlt .  

Coke 

55 t l y r  
(61  t l y r )  

15 r / y r  

79 c/yr 
(87 t l y r )  

(17  T l y r )  

72 r l y r  
(79  t l y r )  

1.700 r l y r  510 L I F  
(I.WO tlyr) (560 t l y r )  

8.700 tlyr 2.600 Efyr  
(9.600 T l y r )  (2,900 t / y r )  

5.000 r / y r  1,100 r / y r  
0 . 5 0 0  t l y r )  (1,700 t l y r )  

20 ./yr 1.200 r/yr 360 t l y r  
(1,300 t l y r )  (a0 Tlyr) (22 t l y r )  

5s d y r  29JOO r l y r  690 d y r  
(61 T l y r )  (2,500 t l y r )  (760 T l y r )  

23 t l y r  
( 2 5  T l y r )  

8,100 t l y r  2,m r l y r  
(B.WO t l y r )  (2 .600 t l y r )  

2.000 t ly .  610 r l y r  
(2.200 T l y r )  (670 T l y r )  

LI&r duty traf f ic  8,400,WO W y r  6.100 r l y r  1.800 d y r  
(5.200,OW W l y r )  (6 .8W V y r )  ( 2 . 0 0 0  t l y e )  

bhdlun &cy rriffls 5,600,WO W y r  L2.300 ClY. b,JOO r l y r  
(3.5WO.WO W l y r )  (14,000 T l y r )  (4.700 t l y - )  
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.. . .  
TABLE 7-1. (continued) 

uncolltrolld Unconcro1l.d 
1976 su8peaded fine 

Production p.rticu1.t. par t i cu la te  
SOUl-CS r.ta x 10-6 d 8 8 i O n  rat. &.lion rata 

Paved roads 

! 

c 

.. . .; ... . .. , .~~ . .. . . .. . . . .  . .  
-, , , ~ . .  . 

- ,  ' 

i 

i 
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Figure 7-2. Steel  production as a .function of population density. 
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7.1.2 Ranking of Control Needs 

The sources were ranked based on typically controlled emission rate of 
fine particulate or suspended particulate calculated as follows: 

Typically Controlled Emission Rate = Uncontrolled Emission Factor x 
(1 - typical control fraction) x nationwide production rate. 

This can be reduced to the following form: 

Typically Controlled Emission Rate 
Emission Rate x (1 - typical control fraction) 

Uncontrolled Nationwide Particulate 

The percentage of fine particulate in the emissions was used to convert sus- 
pended particulate emission rates to fine particulate emission rates. 

The input values for the latter equation are shown in Table 7-2 and the 
source rank is presented in Table 7-2 on an individual source basis and source 
category basis f o r  suspended and fine particulate emission. From Table 7-2, 
the five fugitive emission source categories w i t h  the largest nationwide im- 
pact are: 

Suspended Particulate Emissions. 

(&j venicuiar . i ~ & ; L i  '. 

(2) EAF furnaces (2) Vehicular traffic 

(3) Storage pile activities (3) BOF furnaces 

( 4 )  Sintering ( 4 )  Storage pile activities 

(5) BOF furnaces (5) Sintering 

Fine Particulate Emissions 

.~ . . .  ~ . . ~ . !I) .%&? f..rnnF.e?r 
, . .  . .  . .  

: .  . ,7.2 ONGOING RESEARCH 

7.2.1 Process Sources 

There are presently several research projects in progress that are con- 
cerned with fugitive emissions from process sources in the iron and steel 
industry. Table 7-3 is a summary table listing these ongoing or recently 
completed projects. As stated in the introduction to this report, coke oven 
and blast furnace cast-house fugitive emissions were not studied in this in- 
vestigation because those sources are the focus o f  other EPA-sponsored stud- 
ies listed in Table 7-3. 

. 

il 
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2,700 rlyr 
(3.000 Ilyr) 

630 d y r  
(700 Ilyr) 

7 5 0  tlyr 
(830 rlyr) 

2,700 d y r  
(1.WO 1Iyr) 

20,000 c l y r  
(22,000 T l y r )  

9,lW c l p  
(10.000 ' I lyr)  

1,200 r/yr 
(1,300 Ilyr) 

27 rlyr 
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TABLE 7 -2 . (continued) 

co.1 

PLI1.C 

C0.l 

sinter 

PelleL . . 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.4 

0.4 

0.4 

"4 

0.4 

0.4 

0.4 

3.5 t lyr  
(3.9 T I P )  

1.0 tlyr 12 32 
(1.1 I/*) 

59 tlyr 28 20 
(65 Wyr) 

6 7 

3 4 

300 c l y r  19 20 
(340 I l y r )  

1.600 t /yr  7 8 

9M) r/yr 11 12 
(1,000 Tly.) 

(240 T l F )  

410 d y r  17  10 
( U O  I l y r )  

1,400 t l y r  8 9 

(1.700 Wyr) 

220 rlyr 22 23 

(1.600 I l y r )  

170 t!yr 18 19 
(400 I l y r )  

:. , 

- 

h 

. 
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Q.J 3,100 t lyr  
(3,100 1lyr) 

0 , 0 0 0  1lyr) 

(14,WO 1Iyr) 

Q.J 6,200 r lyr  

Q.J 13.000 t l y r  

Q.S 7.WO c l y r  
(7.J00 Ilyr) 

0.4 1.600 r l y r  
(1,800 I l y r )  

1 2 

.. 

LO 

i . 

.. 
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TABLE 7-3. SWMARY OF ONGOING OR RECENTLY COMPLETED RESEARCH PROJECTS 
CONCERNING PROCESS SOURCES OF FUGITIVE EMISSIONS 

.. . 
Source Project title EPA contractor 

1. Coke * Development and demonstration Battelle-Columbus 
manufacture of concepts for improving 

coke oven door seals 

. Guidelines for application Mitre Corporation 
of coke w e n  pollution 
control systems . 

. Enclosed coke pushing and Natiopal Steel 
quenching system demon- 
stration, Phase I1 

* Sampling of coke Oven door Battelle-Columbus 
leakage 

* Air pollution impact of York Research 
coke quenching Corporation 

. Smokeless coke oven Jones & laughlin 
I charging demonatration .. Steel 

. Blast furnace cast house Betz t '  
' 2. Iron ' . 

manufacture emission control i 

I 3. Sinter . Sinter plant wind box gas National Steel 
manufacture recycle system demonstra- I 

. .  
tion, Phase I1 

i 4 .  BOF . Development of technology National Steel 
for control of BOP 
charging emissions 

5. General Environmental assessment of Research Triangle 
ferrous metallurgical pro- Institute 
cesses and environmental 
control techniques 

. Study of discharge causing Research Triangle 
abnormal operating condi- Institute 
tions in the iron and steel 
industry 

(continued) 
7-12 
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TABLE 7-3 (continued) 

Prolect title EPA contractor Source 

5. General . Control program guidelines PEDCo 
(continued) for industrial process 

fugitive particulate 
emissions 

Development of procedures TRC 
for the measurement of 
fugitive emissions 

7-13 
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Table 7-3 shows that extensive research dollars and effort are presently 
being invested in studying the nature and control of coke oven emissions. 
Oven door leaks, pushing, quenching and charging emissions are being thoroughly 
studied. * 

In actuality, none of the other process sources of fugitive emissions are 
being studied with the concerted effort that is being applied to coke manufac- 
ture. 
manufacture, and BOF steel manufacture, with no studies specifically concern- 
ing EAF and OHF fugitive emissions and control. 

There is one major research project each for iron manufacture, sinter 
bl 

I Finally, there is a series of general studies with broad scopes. These I 
studies will help to identify other specific areas of research that require 
attention. 

I .' 

7.2.2 Open Dust Sources 

The main method utilized to identify current research programs dealing 
with open dust sources was a computerized search of the Smithsonian Scientific 
Information Exchange. (a) air pollu- 
tion and dust particulates; (b) air pollution dust or particulates--industrial 
sources; and (c) air pollution--dust air pollution control. Also, contact was 
made with EPA and AIS1 officials to obtain information concerning ongoing re- 
search programs. 

Key words utilized in this search were: 

. .  
.~ .. ~. . - .. . 

Table' 7-4 lists .the research programs that' were identified. Contact was 
made with the various project officers and/or. principal investigators .and 
infobation concerning the particular scope of work and current results was 
requested. It should be noted that a majority of these current research proj- 
ects are not related directly to the iron and steel industry. The results of 
'the various projects, however, can be applied to a certain extent to open dust 
sources in the iron and steel industry. 

Materials Handling and Storage Pile Activities-- 

efficiencies of various soil stabilizing compounds used to control the wind 
erosion of taconite tailings. 
Mining Research Center. Dr. D. H. Yardley is the principal investigator. He 
is performing wind tunnel tests using various soil stabilizing compounds applied 
to both coarse and fine tailings materials. 
completion during the fall of 1977. 

The University of Minnesota is performing a program to assess the control 

The project is funded by the Bureau of Mines, 

The program was scheduled for 

i 

i Tne Minnesota Regional Copper-Nickel Study is assessing the environmental 
effects of future mining in the state. 
investigator. 
operations will be studied. 
ing of fugitive dust emissions. 
for completion by the fall of 1977. 

Dr. Darrel Thingvolv is the principal 
Fugitive dust emissions from various storage pile and transfer 

Minimal field work is planned for the actual te6t- 
Limited particulate air sampling was scheduled ! 
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The Illinois Institute of Technology Research Institute has analyzed the 
fugitive dust problems associated with asbestos waste tailings. 
ings pile surface stabilizing chemicals were tested to determine control ef- 
ficiencies for both active and inactive storage piles. Ms. Mary Stinson was 
the EPA project officer for the majority of the research effort. 

Vehicular Traffic - - 
Highway Administration program entitled "Measurement and Control of Air Pollu- 
tion Produced by Highway Construction Operations and Related Industries." 
Mr. C. R. Sinquist is the principal investigator. Areas of this program which 
are potentially applicable to the iron and steel industry include: (a) testing 
to determine the air quality impact of heavy-duty vehicles traveling on unpaved 
and paved roadways, and (b) the transfer and movement of aggregate materials 
by trucks and front-end loaders. 
basic upwindldownwind sampling with high-volume filtration samplers. 
sizing and particle drift distances are also being studied. 
scheduled for completion by September 1977. 

Various tail- 

The California State Transportation Laboratory is performing a Federal 

The approach taken in the testing effort is 
Particle 

The project was 

The University of Idaho is conducting a project to assess the fugitive 
dust emissions generated from heavy-duty vehicles used in western coal strip 
mines. The project is funded by the U . S .  Department of Agriculture, Forest 
Service, as a part of the Agency's Surface Environment and Mining (SEAM) 
Studies assessing the impact of mining related air and water emissions. 
E L .  GG.YE; "1: iz :he nzinrinal jnvestigator. Dr. Belt is proposing to test 
the emissions generated from heavy-duty vehicles by attaching a trailer'behind 
a large truck. A vertical and horizontal array of high-volume filtration sam- 
plers will be placed upon the trailer. 
fugitive dust emissions generated by vehicles upon dry unpaved roadways and 
(b) control efficiency of road watering. 
in the fall of 1977. 

The testing project is to cover: 

Actual testing was to be carried out 

(a) 

Wind Erosion of Open Areas-- 

tailings piles will be performed in the future by Dr. Gillette of the National 
Center of Atmospheric Research. 
USDA Forest Service. Wind erosion of topsoil and spoils piles will be tested 
by utilizing a portable wind tunnel. 
western coal strip' mine sites. 

Summary-- 

research programs specific to open dust sources In the iron and steel industry 
are being conducted. 
they are usually not publicized. 

Wind erosion emissions studies of both exposed areas and mining-related 

This is another SEAM project funded by the 

Testing will be performed at various 
. . .  . .  . :.. :.. 

It is evident from the previously mentioned research projects that few 

While many industry-funded projects may be under way, 
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7.3 ADDITIONAL RESEARCH NEEDS 

7.3.1 Process Sources 

. 

'P 

, , .. . ,. 

At the inception of this project, the work statement implied that control 
of process fugitive emissions would require development of substantially new 
control technology. 
given the highest ranked process sources of Section 7.1, and given the current 
research efforts, what are the most important univestigated sources requiring 
research to develop adequate control technology? In the course of this study, 
however, it became clear there already exists control technology for the major 
process fugitive emission sources. Consequently, the important question is: 
what is the efficiency and cost of available fugitive emission controls when 
applied to the sources being considered? 
of a control device as a function of the influencing variables are portrayed 
as steps 6 and 7 in Figure 7 - 1 .  

The question thought to be important at that time was: 

The question of cost and efficiency 

The variables affecting the efficiency of a process fugitive emissions 
control option are: 

Face area of capture device 

Face velocity through capture device * 

* Size of source (e.g., tons of furnace capacity or ladle capacity) 

Degree of obstruction between capture device and furnace 

* Strength of crosscurrents 

* Distance between furnace and capture device 

. Thermal buoyance of plume 

The variables affecting a given control device retrofit cost and, to a lesser 
extent, a new design cost, are: 

* Flow rate through control device 

Amount of building support necessary to sustain extra load 

. Amount of ductwork necessary to reach.,rpmoval device 

The process sources ranked highest on the basis of control need are: 

. EAF (charging, tapping, slagging and electrode port leakage). 
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. .  . .  . .  . S i n t e r i n g  (s t rand d i scha rge , .  c o o l e r  d i scharge ,  screening,  and 
t r a n s f e r  s t a t i o n s ) .  . .: 

. BOF (charging, tapping,  . s lagging,  pufflng'and lance  port  leakage) .  3 

. Hot metal t r a n s f e r  s t a t i o n s  (torpedo car  t o  l a d l e ,  torpedo car  t o  
mixer, and mixer t o  l a d l e ) .  

Table 7-5 shows the  c o n t r o l  opt ions a v a i l a b l e - f o r  these process sources.  I t  
i s  t h e s e  c o n t r o l s  f o r  which a d d i t i o n a l  r e sea rch  i n t o  cost-effect iveness  i s  
recommended. 
according t o  the  p o t e n t i a l  f o r  favorable  c o s t - e f f e c t i v e  cont ro l .  

For each source the c o n t r o l  op t ions  have been subjec t ive ly  ranked 

r, 

7.3.2 Open Dust  Sources 

Various c o n t r o l  methods f o r  open dust  sou rces  a r e  c u r r e n t l y  being appl ied 
t o  a l i m i t e d  e x t e n t  w i th in  the  i ron  and s t e e l  indus t ry ;  however, da ta  needed 
t o  a s s e s s  t h e  e f f e c t i v e n e s s  these c o n t r o l  methods have not been adequately com- 
p i l e d .  Although a number of these c u r r e n t l y  implemented c o n t r o l  methods appear 
t o  be  v iab le ,  these  methods cannot 6e adequately assessed u n t i l  accura te  con- 
t r o l  e f f i c i e n c i e s ,  ope ra t ing  parameters and .ope ra t ing  c o a t s  have b e e n . c a r e f u l l y  
analyzed. Def i c i enc ie s  of t h e ' c o n t r o l  technologies  c u r r e n t l y  available f o r  
open dus t  sources  a r e  discussed i n  t h e  'foilowing subsec' t iohs.  

" - * - - a e >  - " - - > , A  _ _ _ _  - ,  

from barges and r a i l c a r s  and from conveyor networks include (a)  t o t a l  o r  p a r t i a l  
enclosures  and .  (b) spray systems. 
presented i n  Sect ion 6.1, a c t u a l  ope ra t ing  c o n t r o l  system e f f , i c i enc ie s  and 
s p e c i f i c  i n i t i a l  and annual operat ing c o s t s  are needed. 

Storage P i l e  A c t i v i t i e s - -  

t o  reduce f u g i t i v e  d u s t s  a s s o c i a t e d  with the  open s torage of raw, intermediate ,  
and waste m a t e r i a l s .  
t h e  s t o r a g e  p i l e  a c t i v i t y  func t ions '  of load-in,  vehicular  t r a f f i c ,  wind erosion,  
and load-out. 

. .. , . . .  

. .  . . . . .  ..-----V-" .-----.. ~ 

Methods u t i l i z e d  t o ' r e d u c e  the  d u s t  emlssions from unloading 'of  m a t e r i a l s  . . . .  

To adequately a s s e s s  the  c o n t r o l  opt ions 

Various c o n t r o l  methods, presented i n  Sec t ion  6.2  t o  6.5, a r e  . .. a v a i l a b l e  

Control technology d e f i c i e n c i e s  a r e  presented below f o r  

I .. . . .  . .  . .  . .  , . .. . ., . .  . 
Load-in--Control op t ions  which m i t i g a t e  dus t  emissions from mater ia l  

Adequate c o n t r o l  e f f i c i e n c i e s  and i n i t i a l  and ope ra t ing  cos t s  are 
load-in include (a) reduce drop d i s t a n c e ,  (b) enclosures;  and (c) spray sys- 
tems. 
needed be fo re  s p e c i f i c  recommendations can be made per ta in ing  t o  these meth- 
ods. 

Vehicular t r a f f i c  around s torage  pi les--Applicable  c o n t r o l  methods f o r  
reducing f u g i t i v e  dust  emissions generated by . f ron t - end  loaders  and t rucks  

5 
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TABLE 7-5. FUGITIVE EMISSIONS CONTROL OPTIONS RECOMMENDED 
FOR ADDITIONAL RESEARCH 

Control op t ion  Source 

EAF 

BOF 

' Tota l '  enclosure 
. Canopy hoods 
. Tapping lad le  hoods 
. Building evacuat ion 

. Tota l  enclosure 

. Gaw damper, furnace t i l t  minimization 
and b a f f l e s  

. Canopy and l o c a l  hoods 

. Building evacuat ion .. 

S i n t e r i n g  . Local hoods 

Hot metal t r a n s f e r  Close f i t t i n g  l a d l e  hood 
Canopy hood 

* P a r t i a l  bu i ld ing  evacuat ion 

' I  
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.- wi th in  t h e  s to rage  p i l e  a r e a s  a re  e s s e n t i a l l y  t h e  same a s  f o r  unpaved roadway 
t r a f f i c .  These con t ro l  methods include (a) a r e a  water ing or o i l i n g ,  (b) a r e a  
add i t ion  of su r face  s t a b i l i z i n g  compounds, and (c) proper 'housekeeping" pro- 
cedures .  The d e f i c i e n c i e s  of these con t ro l  methods a r e  discussed below in the  
s e c t i o n  on veh icu la r  t r a f f i c  on plant  roadways. 

.- 

Wind e ros ion  from s to rage  pi les--Control  methods f o r  wind eros ion  from 
open s torage  p i l e s ,  as presented i n  Sec t ion  6.4, include (a) s t a b i l i z i n g  the  
p i l e  su r face  l a y e r  and (b) enclosures .  The c o n t r o l  e f f i c i e n c i e s  f o r  these  va- 
rious methods mus t  be determined as a func t ion  o f  (a) sur face  appl ica t ion  ra te ,  
(b) r e a p p l i c a t i o n  needs, (c) climate, and (d) t h e  conf igura t ion  of  windbreaks. 
Operating cos t  d a t a  a r e  needed f o r  a complete assessment of  t he  var ious  con- 
t r o l  methods. 

h 

Load-out--Methods of  f u g i t i v e  d u s t  con t ro l  f o r  t he  load-out process a re :  
(a) reduct ion  o f  ma te r i a l  d i s turbance  and (b) spray systems. Spec i f i c  meth- 
ods presented i n  Sec t ion  6.5 lack adequate con t ro l  e f f i c i ency  d a t a .  Ef f ic iency  
d a t a  a re  needed f o r  f u r t h e r  assessment of t h e s e  con t ro l  systems, along with (a) 
equipment s p e c i f i c a t i o n s ,  (b) add i t iona l  requi red  ma te r i a l s  (conveyors, chemi- 
c a l  dus t  suppres san t s ) ,  and (c) opera t ing  c o s t s .  

Vehicular  t r a f f i c  on p l a n t  roadways--Mitigative measures which reduce un- 

Visual  observa t ions  ind ica t e  t h a t  wa- 
paved roadway f u g i t i v e  emissions include (a) d u s t  suppressants  and (b) improve- 
ment of t h e  road su r face  (Section 6.6) .  
&--'-.. -'"..- *-a rho add i t ion  of chemical suppressants  g r e a t l y  reduce 

e f f i c i e n c i e s  o f  t hese  con t ro l  methods is needed t o  assess t h e  r e l a t i v e  e f f e c -  ' . 

t i veness  of  t hese  m i t i g a t i v e  measures' a s  a func t ion  of t he  cost of c o n t r o l .  : 

Fie ld  tes ts  a r e  needed. to  determine con t ro l  e f f i c i e n c y  as a funct ion o f :  (a) 
a p p l i c a t i o n  r a t e  and frequency, .  (b) veh ic l e  usage, (c) road sur face  material, 
and (d) c l i m a t i c  f a c t o r s .  

. . .  . .  -_. -..O, --___ ,. __ 
veh icu la r  f u g i t i v e  d u s t  emissidns. '  However, adequate quan t i f i ce f iod  o f  t h e  " ' ' . .  

... . '. . . ... 

- 

Fug i t ive  d u s t  emanating from paved road su r faces  is a r e l a t i v e l y  minor 
emission source .  However, a s  t h e  paved roadway c o l l e c t s  sur face  p a r t i c u l a t e s ,  

. t h e  p o t e n t i a l  f o r  l a r g e  q u a n t i t i e s  of  vehicle-generated dus t  increases .  Road 
sur face  cleaning devices  are e f f e c t i v e  i n  removing v i s i b l e  sur face  pa r t i cu -  
l a t e s .  However, t h e  c o n t r o l  e f f i c i e n c i e s  and c o s t s  assoc ia ted  with the v a r i -  
ous roadway c l ean ing  devices  are not adequately developed t o  permit assess- 
ment o f  t he  r e l a t i v e  m e r i t s  of broom sweeping, road vacuuming o r  water 
f lu sh ing  techniques (Sect ion 6.7). 

i 
Wind e ros ion  from exposed areas- -Mi t iga t ive  techniques t h a t  a r e  ava i l ab le  

t o  reduce t h e  impact of  emissions generated by wind eros ion  of exposed a reas  
a s  presented i n  Sect ion 6.8 include sur face  s t a b i l i z a t i o n  and u t i l i z a t i o n  of  
windbreaks t o  reduce the  eroding force  of  t he  wind. To adequately a s ses s  t h e  
e f f ec t iveness  o f  t h e  va r ious  cont ro l  systems, con t ro l  e f f i c i e n c y  d a t a  a r e  * 
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needed as a function of application rates for the surface stabilizers and 
windbreak configuration. 

7.4 COST-EFFECTIVENESS ANALYSIS 

In defining the optimal program for research and development of control 
technology directed to the critical control needs, analysis of control cost- 
effectiveness is essential. This section presents example derivations of cost- 
effectiveness functions (expressed as dollars per pound of reduced fine particle 
emissions) for a process source. (canopy hood system for an electric arc furnace) 
and an open dust source (several control measures applied to an unpaved road). 
Cost evaluated include (a) annualized costs of equipment purchase and installa- 
tion and (b) annual operating costs. 

7.4.1 

. . . , . .  

Canopy Hood System for Electric Arc Furnac'es 

This section presents a derivation of the cost per pound of controlling 
emission from an electric arc furnace shop producing 510,000 T/yr of raw car- 
bon steel. Actual December 1976 installed costs, as presented in Table 5-5, 
are used to estimate costs, after being adjusted to reflect the difference in 
the size of the two shops. Maintenance and operation'costs were not available. 

The calculation of the yearly cost per pound of fine particulate captured 
requires the following assumptions and calculations: 

* Type of operation: EAF shop. 

* Size of furnaces: two 290-ton. 

* Type of steel made: plain carbon. 

. .  

Mode of operation: one operating, one down. 

. Heat time: 5 hr tap to tap. 

. Shop operation period: 52 weekslyear. 7 dayslweek, 24 hrlday. 

* Annual shop production: 510,000 Tlyear. 

. . -. . . .__ . Fugitive emission control system: canopy hoods over charge and 
tap sides vented to baghouse. 

. Primary control device: DSE. 

. Total installed cost for fugitive system: $6,690,000. 
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, -  

. Equipment life estimate: 10 years. 

. Annual investment rate: lO%/year. 

. Interest and tax rate: 109./year. 

. Annualized cost of fugitive emission control system: 
tal installed cost = $1,338,000. 

209. of to- 

z 
. Uncontrolled, fine particulate emission factor: 2.6 lb/T. 

. Capture device efficiency: 70%. 

Pounds of fine particulate captured annually: 928,000 lb/year. 

Based on the above assumptions and calculations, the annualized cost per pound 
of fine particulate captured is $1.44/lb/year. 
that were the cost of DSE system and the fine particulate it removes included 
with the canopy hood system, the cost effectiveness would be much improved. 

It must be pointed out, however, 

7.4.2 Unpaved Road Vehicular Traffic 

The rationale used to determine cost effectiveness of various fugitive 
dust control methods for plant vehicles traveling upon unpaved roadways is 

analysis follows: 
presence6 in tiLir b,-cii"i,. -- % - - a -  c-- *I.*- rua.mle 

. .. AUC WUOA- .AI- -..-_ -.__r_- '2C5T o f f ~ ~ r f V R n R R R  

i . . .  . .  . .  . . 
, .  

1. 'Source extent data (6.3 miles of unpaved road and plant vehicle 
. .  mix) are the averages from four open dust surveys (Section 4..0) 

. .  
, . <  

2.  Based on the above information, the annual emi.ssions of fine 
: .  

particulata from unpaved roads are calculated to be 706,000 lb/year. 

3.  The unpaved roadway dust control methods, efficiencies and costs 
. .  ': ..are those found in Section 6.6 of this report. 

! 4 .  The investment or initial costs for the control methods are 

I 
annualized over a 10-year period. The annualized investment costs were ca1.- .. ..... . i 

culated by multiplying the initial costs found in Section 6.6 of this report 
by a factor of 0.2 to account for a 10-year lifetime, interest and taxes. 

Table 7-6 'presents the results of the control cost-effectiveness analysis 
for unpaved roads. 
watering of unpaved roads follows. 

An example calculation of control cost effectiveness for 
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. , . . .  .. 

..  . .  

,. . . .. 

. . , ,. 

1. The uncont ro l led  f i n e  p a r t i c u l a t e  emission r a t e  i s  7Of , ,OpO lb/ . . .  
'1: ' . ' 

, .  . .  
yea r .  . .  

I ,  

~ '. 

2. The estfmated con t ro l  e f f i c i e n c y  f o r  water ing is 509.. , . ;. ' .  
, I  , . .  ' ,  . .  

3. The reduct ion  of f ine  p a r t i c u l a t e  emissions per year  by road '; 

j : (  

Mult ip ly ing  t h i s  va lue  by 0.2 t o  account f o r  a 10-year i n t e r e s t  a n d ' t q e s  " '  

I a i : .  :' 
i!,: , _. I ,  water ing is 706,000 l b l y e a r  x 50% 353,000 l b .  , .  

b 
. 

4. The i n i t i a l  investment c o s t  f o r  a watering t ruck  is,'$lO,OOO. 

, ,  

. .  g i v e s  $2,000 per  yea r  annualized. :-westment. >; 

5. The annual opera t ing  c o s t  i s  $20,000. 
, I  

6. Annualized investment and annual  opera t ing  c o s t  e f f ec t iveness  
are obtained by d iv id ing  t h e  annualized investment and annual opera t ing  c o s t s  
by the  annual f i n e  p a r t i c u l a t e  emissions reduct ions  r e a l i z e d  by unpaved road- 
way water ing .  . ( '  

Annualized investment Annual opera t ing  ,: 

., . 
. I  
I .  . , .  . 

' ' I  

c o s t  e f f ec t iveness  cos t  e f f ec t iveness  , , 
, ,  i ,: 

$2'ooo = $0.006/lb reduct ion  s20'ooo = $0.06/lb reduct ion  
353.000 l b  353,000 l b  

. I .  . 
, I  ' / '  7.4.3 Comparison of Cost Ef fec t iveness  . '  . . . .  

. ,  

Table 7-7 p re sen t s  a comparison of cos t - e f f ec t iveness  f o r  t he  example 
process  source (an EAF canopy hood c o n t r o l  system) and t h r e e  major. open d u s t  
sources .  
and 7.4.2 were provided t o  a i d  in t h e  understanding of t h i s  ana lys i s .  

Example c o s t  e f f ec t iveness  c a l c u l a t i o n s  presented i n  Sec t ions  7.4.1 

Two rankings r e l a t i n g  theannual ized  investment c o s t s  and annual opera t ing  
c o s t s  of  va r ious  c o n t r o l  methods are given in Table 7-6. 
t h i s  a n a l y s i s ,  t h a t  t h e  major i ty  of t he  open dus t  source con t ro l  methods have 
a more favorable  cos t -e f fec t iveness  than t h e  example process  soyr(e c o n t r o l  
method. 

It is evident  from 

) 7 it.'< . ,  '; 

7.5 . SUGGESTD RESEARCH PROGRAMS 

7.5.1 Process  Sources 

I .  

Based on t h i s  i n v e s t i g a t i o n ,  several s p e c i f i c  research  needs! have. become 
ev iden t .  The r e sea rch  needs are:  
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d, 

. . .  

..._ . ,  . .  : ... 

TABLE 7-7. COST EFFECTIVENESS OF FUGITIVE EMISSIONS CONTROL METHODS 

Est1mac.d Annu.1ls.d Umu.1 
control I n v . s r ~ . n ~  h n k i n q  optracins b n k i n s  

10 0.00s 0.05 Cll 
[I! 

0.05 P I  80 0.0% . [2] 
I S  0.01 

. . r. 
.. 

! 
.. . . .  

I 
I 
I 
I 
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. .  .. . 

1. Acquis i t ion  of  d e t a i l e d  r e p o r t s  of methodology from those who have 
measured emission f a c t o r s  and f a i l e d  t o  adequately r epor t  t he  measurement I 

techniques.  From Table 3-2, t he  measured sources  lacking adequate published 
measurement technique d e s c r i p t i o n s  a r e  s i n t e r  coo le r ,  BOF charging,  BOF t ap -  
ping, BOF t o t a l  emiss ions ,  OHF t o t a l  emission,  EAF t o t a l  emissions,  and ho t  
metal  t r a n s f e r  emissions.  

2 .  Development and promulgation of r e fe rence  techniques f o r  measurement 

I '  . . , . I  
, ' ,  , .  , 

of f u g i t i v e  emissions from major sources .  

3. Quan t i f i ca t ion  o f  emission f a c t o r s  f o r  important sources which have 
never been exper imenta l ly  quan t i f i ed .  These sources  can be i d e n t i f i e d  from 
Table 3-1 a s  those  wi th  est imated bu t  not measured va lues ,  such as s i n t e r  "' 
s t rand  d i scha rge ,  sinter co ld  screening,  and machine and hand sca r f ing .  A l s o  
sources with no measured or est imated va lues  (e .g . ,  teeming) might be quantf-  
f l e d .  ' I  '. . .  

, .I 

4 .  Cost -ef fec t iveness  ana lys i s  of  c o n t r o l  methods a s  a func t ion  of t h e  
The c o n t r o l s  recommended , .  f o r  independent v a r i a b l e s  l i s t e d  i n  Sec t ion  7.3.1. 

. ,  study are l i s t e d  i n  Table 7-5. I 

. ' {  

An example of a proposed research  program under research  a r e a  ' (4)  i s  pre- 
sen ted  below f o r  t h e  two most important process  aources. BOFs and W s .  Figure , 

' .  I , ' ,  

I 
7-3 i s  a t a s k  diagram f o r  t h i s  example program. 1 1  , ' 

. .  . .  
The o b j e c t i v e  of  the p ro jec t  wou1d"be t o  . se lec t  and de f ine  t h e  t y p i c a l  

a n d . b e s t  c o n t r o l s  f o r  ' a l l  f u g i t i v e  emissions from BOF and EAF furnaces .  
b e s t  c o n t r o l  does not necessa r i ly  have t o  be  demonstrated,  bu t  ?f it is no t  
demonstrated,  economic f e a s i b i l i t y  must be  w e l l  subs tan t ia ted .  The t y p i c a l  
and b e s t  c o n t r o l s  f o r  each furnace must be  def ined  i n  d e t a i l .  , I  . .  

The 
, .  

, " ' .  ' ,  ' 
The i n i t i a l  t a s k  would c o n s i s t  of a survey of t he  cu r ren t  l i t e r a t u r e  t o  . _  

a s c e r t a i n  what c o n t r o l s  have been appl ied.  EAF and BOF processes ,and  their  
. .  

. ' '  v a r i a t i o n s  would b e  thoroughly, analyzed as p a r t  of t h i s  t a sk .  ' ' ' 
. ,  l i ;  , .  ; : .  ' 

The 'second t a s k  would c o n s i s t  of a phone survey of a t  least  50Z of t h e  
BOF and EAF shops i n  t h e  United S ta t e s .  
h ighes t  capac i ty  shops,. The capture  .devices  u t i l i z e d  . . .  . by each,.shop f o r  charg- 
i ng ,  tapping,  and s lagging  emissions would b e  tabula ted .  
no c o n t r o l s  would a l s o  b e  l i s t e d .  For those  shops wi th  control , .  genera l  d a t a  
such as cap tu re  e f f i c i e n c y  es t imates ,  removal device and e f f i c i e n c y ,  a c t u a l  
flow rates and temperature,  c a p i t a l  and t o t a l  i n s t a l l e d  c o s t s ,  and system 
a u x i l i a r y  equipment i d e n t i f i c a t i o n  would be  acquired.  Visits t o  s e l e c t e d  
p l a n t s  would be performed t o  provide proper pe r spec t ive  and.understanding bf 
t h e  systems. Se lec t ion  of p l an t s  f o r  v i s i t s  would be based 0 n . a  pre l iminary  
e s t ima te  of t y p i c a l  and b e s t  con t ro l s . .  

Preference  would be given t o  the 

A l l  thope shops wi th ' .  
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Task 1 
I 7 

Literature Survey I 
Task 2 1 

Phone Survey and Plant Visits 

Task 3 1 
Select and Define Typical 
and Bert Controls 

I I Determine Capture Efficiencies 

Figure 7-3. BOF and EAP research program structure. 
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Based on the literature search, personal and telephone contacts, and 

plant visits, the typical and best control techniques for each furnace type 
would be selected, in the third task. Specific shops would be identified 

. .  

I which most nearly represent the typical and best control processes. 

Capture efficiencies noted from the specific and best controlled shops 
identified in the third task would be determined in the fourth task. If 

the capture efficienceis under all expected conditions. 
acquire necessary input data would be performed. 

possible, empirical and theoretical expressions would be utilized to calculate L 
Field sampling to 

In the final task, elevation, plan and detail drawings for the typical 
and best control techniques would be developed for each furnace type. 
detailed engineering analysis of each system would also be presented. 

A 

7.5.2 Open Dust Sources 
! 

Suggested research programs for open dust sources should strive to establish 
control efficiencies and costs of available control methods as a function of 
specific operating parameters. The criteria utilized for selecting specific 
open dust sources for suggested research programs are based on: (a) ranking 
of the critical control needs (Section 7.1); (b) deficiencies of current open 

the extent of current research on open dust sources. 

Basis for Source Selection-- 

critical areas or processes requiring the development and demonstration of 
effective control techniques. From this ranking (Table 7-2) the 10 major 
fugitive emission categories ,of fine ,particulate on a nationwide scale were 
indicated as being: 

! 
I 
I dust emission control methods, specified in Sections 6.0 and 7.3.2; and (c) 

. .  . .  . . . 
I 

' e  Section 7.1 utilized a nationwide ranking scheme to determine the most 
I 

I 

.. ... 

.... . . . ,,. , . ,  . .. 
I . Electric arc furnaces 
I 

. .  . .  . .  .. , ..:. , . 
~ 

.. . Vehicular traffic* '' 
. . , . ,  

. Basic oxygen furnaces 

. Storage pile activites* 

. Sintering 
! 

I . Open hearth furnaces 

. Conveyor transfer stations* 

* Open dust sources. 
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. Hot metal transfer 

. Scarfing 

. 
As indicated four open dust source categories (vehicular traffic, storage 

Wind erosion of exposed areas* 

pile activities, materials handling, and wind erosion of exposed areas) rank 
among the top 10 sources i n  importance. 

As indicated i n  Section 7 . 3 . 2  inadequate data exist for the proper assess- 
ment of available control methods for vehicular traffic, storage pile activities, 
and material handling. 
their applicability to the i ron  and steel industry can be more throughly stated. 

Current research of open dust sources in the iron and steel industry is 
practically nonexistent. There are research programs being performed in the 
surface mining industry which may prove beneficial to the iron and steel in- 
dustry. Current research on vehicular traffic includes emission factor develop- 
ment for heavy duty vehicles on unpaved mine roadways and the testing of unpaved 
roadway watering programs. Research projects dealing with storage pile activity 
source area consist mainly of the testing of stabilizing compounds for  tailings. 

Once current control methods are properly assessed, 

Q 

While these research programs are indirectly related to the iron and steel 
industry, the applicability of results may be limited. 
in the surface mining industry are quite different from those found in the iron 
and steel industry. Storage and tailings piles in the mining industry are rela- 
tively inactive, while storage piles in the iron and steel industry have nearly 
continuous turnover rates. Thus, solutions to fugitive dust problems in the 
surface mining industry may not be applicable to similar problems in the iron 
and steel industry. What is needed is a concentrated effort to analyze the 
fugitive dust problems and potential control techniques for vehicular traffic, 
storage pile activities, and materials handling associated with integrated 
iron and steel plants. 

Research and Development Rograms-- 

ate the effectiveness of control techniques applicable to major open dust 
sources which exist within integrated iron and steel plants. 
focus on field testing various control methods to determine: (a) control ef- 
ficiencies, and (b) operating parameters and cost effectiveness. 

Vehicles and roadways 

The following research and development programs are recommended to evalu- 

These programs 

* Open dust sources. 

. .,.... ... 
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Vehicular Traffic on Unpaved Roadways-- 

trol methods to mitigate dust emissions from vehicles traveling on unpaved 
roads. 
and chemical dust suppressants. 

An RhD program is recommended to assess the effectiveness of various con- 

Initial evaluations would focus on two control techniques--watering 3 

Industry-wide source characteristics would be analyzed to determine 
representative conditions of roadway surface (silt, moisture and density) and L. 
traffic (vehicle count by weight and speed ranges), so that representative 
test roadway parameters may be defined. 

Uncontrolled emission factors for vehicular traffic on two different sur- 
faces (slag and dirt) would be measured utilizing the MRI Exposure Profiling 
technique. Tests would also be performed on adjoining sections of the test 
roadway to which water or chemical dust suppressants (Coherex and another to 
be determined) have been applied. Control efficiency would be determined as 
a function of application intensity (gal./yard2) and time since last applica- 
tion. In addition, TSP and particle size concentrations would be measured 
downwind of each test roadway segment to determine air quality impact reduction 
due to controls. Finally, control cost-effectiveness functions would be de- 
termined based on measured control efficiency and costs for various levels of 
control. 

Storage Pile Activities-- 
An RhD program 1s recommended EO nxueas i.Le e i = i i t i i ? s E G s ,  ;f &ti&;ti-.-- 

measures in reducing dust emissions from material load-in, vehicular traffic 
around storage piles, wind erosion of storage piles and load-out. This pro- 
gram would study fugitive emissions associated with storage piles as a sys- 
tem and with separate activities. 

First, the air quality impact of combined storage pile activities as a 
system would be determined. 
ments would be performed on an active storage area to note the air quality ef- 
fect of various activity levels and meteorological conditions. 

Upwind and downwind TSP and particle size measure- 

Second, source specific testing would be performed on uncontrolled and con- 
trolled sources within the storage pile area to note emission factors and con- 
trol efficiencies. The costs associated with the tested control measures would 
be obtained for use in cost-effectiveness functions. 
testing program to determine cost effectiveness for wind erosion of storage piles 
follows. * 

Wind Erosion of Storage Piles-- 
An RhD program recommended to assess the effectiveness of mitigative mea- 

sures in reducing fugitive dust emissions resulting from wind erosion of stor- 
age piles would focus on two control techniques--watering and chemical dust 

An example source specific 

" 
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suppressants. 
mine representative storage pile parameters such as physical material silt, 
moisture, density, and pile configuration. 

Industry-wide source characteristics would be analyzed to deter- 

Uncontrolled emission factors for storage pile wind erosion would be meas- 
ured for a range of wind speeds, utilizing the MRI Exposure Profiling technique. 
Control efficiency testing would be performed to assess the merits of watering 
and chemical dust suppressants. 

In addition, TSP and particle size concentrations would be measured down- 
wind of each test pile to determine air quality impact reduction due to controls. 
Finally, control cost-effectiveness functions would be derived from measured 
control efficiencies and costs for various levels of control. 

Materials Hand1 i n g -  - 
An R&D program is recommended to: 

operating parameters on emission levels from materials handling operations; 
and (b) determine the cost effectiveness of control measures in reducing 
emissions. 

(a) assess the effects of changes in 

Areas of study would include: (a) identifying industry-wide source char- 
acteristics; (b) assessing activity factors of each operation; (c) establish- 
ing uncontrolled emission rates; (d) assessing materials handling control tech- 
niques and costs; and (e) establishing the downwind TSP and particle size con- 
centration reductions Prom the implementation of controls. 

Industry-wide source characteristics would be analyzed to identify: (a) 
representative types and operating parameters of equipment utilized for mate- 
rials handling; and (b) representative physical characteristics of the materials 
transferred: silt content, moisture content, and density. 

Relative activity levels would be related to a standard such as, drop 
height, mass of material handled, or conveyor speed. Uncontrolled emission 
factors would be measured for the following materials handling operations: 
railcar unloading, barge unloading, conveyor transfer stations, and conveyor 
screening stations. MRI's Exposure Profiling technique would constitute the 
primary emissions test method. 

Materials handling control techniques would be surveyed to determine 
potentially effective dust suppression systems and/or altered operating pro- 
cedures. Controlled operations would be field tested to determine control 
efficiencies and downwind air quality impact. Finally, control effective- 
ness functions would be determined based on measured control efficiency and 
cost for various levels of control. 
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SECTION 9.0 

GLOSSARY 

Act iv i ty  Factor  - Measure of t he  i n t e n s i t y  of aggrega te  m a t e r i a l  d i s turbance  
by mechanical f o r c e s  i n  r e l a t i o n  t o  r e fe rence  a c t i v i t y  level def ined  a s  uni ty .  

Cloddiness - The mass percentage o f  an aggregate  sample smal le r  than  0.84 nun 
i n  diameter as determined by d r y  s iev ing .  

Cost, Annualized - The equipment c o s t  d iv ided  by t h e  number of years  represent -  
i n g  the  l i f e  of the  equipment. 

Cost, I n s t a l l e d  - The t o t a l  c o s t  o f  t h e  p ro jec t  inc luding  design,  equipment 
purchase, l abor  and materials f o r  s i t e  prepara t ion ,  cons t ruc t ion ,  equipment 
i n s t a l l a t i o n ,  and s tar t -up.  

Cost, Operating - The c o s t  f o r  l a b o r  and u t i l i t i e s  necessary t o  ope ra t e  t h e  
equipment. 

Cost-Effectiveness - The c o s t  of con t ro l  pe r  pound of reduced f i n e  p a r t i c l e  
emissions. 

Dry Day - Day without measurabIe (0.01 in. or more) p r e c i p i t a t i o n .  

Dry Sieving - The s i ev ing  of oven-dried aggregate  by passing it  through a 
series of sc reens  of descending opening s i z e .  

Duration of Storage - The average t i m e  t h a t  a un i t  of  aggrega te  mater ia l  
remains i n  open s torage ,  or t h e  average p i l e  turnover  t i m e .  

Dust Suppressant - Water o r  chemical s o l u t i o n  which, when appl ied  t o  an 
aggregate  material, binds suspendable p a r t i c u l a t e  t o  l a r g e r  p a r t i c l e s .  

W s s i o n  Control System, Primary - A con t ro l  system i n s t a l l e d  t o  cap tu re  and 
remove most of the t o t a l  emissions p r i o r  t o  atmospheric discharge.  
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Pmission Control System, Secondary - A con t ro l  system designed t o  capture  

and remove t h e  smal le r  po r t ion  of t h e  t o t a l  emissions t h a t  t h e  primary sys- 
tem does not c o l l e c t  with the smal le r  po r t ion  usua l ly  being f u g i t i v e  i n  
nature .  

Enclosure - A s t r u c t u r e  which e i t h e r  p a r t i a l l y  o r  t o t a l l y  surrounds a fugi-- 
t ive  emissions source thereby reducing t h e  amount of emissions. 

Enclosure of Steelmaking Furnace, P a r t i a l  - An enclosure of minimal volume 
t h a t  completely surrounds a steelmaking furnace  but  only extends t o  the  
charging f loor .  

Enclosure of Steelmaking Furnace, Total  - A complete enc losure  of minimal 
volume t h a t  extends t o  t h e  tapping f l o o r  of a steelmaking furnace. 

. Exposed Area, E f fec t ive  - The t o t a l  exposed a r e a  reduced by an amount which  
r e f l e c t s  t h e  s h e l t e r i n g  e f f e c t  of bu i ld ings  and o t h e r  o b j e c t s  that r e t a r d  
t h e  wind. 

Exposed Area, Tota l  - Outdoor ground area  s u b j e c t  t o  t h e  a c t i o n  of wind and 
p ro tec t ed  by l i t t l e  or no vegetat ion.  

Exposure - The po in t  va lue  of the f l u x  (masdarea- t ime)  of a i rborne  par t icu-  
l a t e  pass ing  through t h e  atmosphere. i n t e g r a t e d  over t h e  time of measurement. 

Exposure, F i l t e r  - Exposure determined from f i l t e r  c a t c h  wi th in  primary expo- 
s u r e  sampler. 

Exposure, In t eg ra t ed  - The r e s u l t  of mathematical  i n t e g r a t i o n  of p a r t i a l l y  
d i s t r i b u t e d  measurements of a i rborne  p a r t i c u l a t e  exposure downwind of a 
f u g i t i v e  emissions source. 

Exposure, Total  - Exposure ca l cu la t ed  from bo th  f i l t e r  c a t c h  and s e t t l i n g  
chamber c a t c h  wi th in  primary exposure sampler,  or from t o t a l  ca t ch  within 
secondary exposure sampler. 

Exposure P r o f i l i n g  - Direc t  messurement of the t o t a l  passage of a i rborne 
p a r t i c u l a t e  i m e d i a t e l y  downwind of t h e  source  by means of simultaneous 
mul t ipo in t  i s o k i n e t i c  sampling over  t h e  effective cross-sec t ion  of t h e  
f u g i t i v e  emissions plume. 

Exposure Sampler, Auxi l ia ry  - Direc t iona l  p a r t i c u l a t e  samples with goose- 
necked i n t a k e  and back-up f i l t e r ,  having s tepwise flows cont ro l  (0.5 t o  
1 cfm) t o  provide f o r  i s o k i n e t i c  sampling a t  wind speeds of 5 t o  10 mph. 
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Exposure Sampler, Primary - Directional particulate sampler with settling 
chamber and backup filter, having variable flow control (5 to 20 cfm) to 
provide for isokinetic sampling at wind speeds of 4 to 15 mph. 

Fugitive Bnissions, Total - All particles from either open dust or process 
fugitive sources as measured inmediately adjacent to the source. 

Fugitive Emissions - Emissions not originating from a stack, duct, 
or flue. 

bad-in - The addition of material to a storage pile. 
Load-out - The removal of material from a storage pile. 
Materials Handling - The receiving and transport of raw, intermediate and 

. , .. . _. ,' , , .  

waste materials, including barge/railcar unloading, conveyor transport and 
associated conveyor transfer and screening stations. 

Moisture Content - The mass portion of an aggregate sample consisting of 
-. 
unbound moisture on the surface of the aggregate, as determined from weight 
loss in oven drying with correction for the estimated difference from total 
unbound moisture. 

Partial Diameter, Aerodynamic - The diameter of a hypothetical sphere of 
unit density (1 g/cm3) having the same terminal settling velocity as the 
particle in question, regardless of its geometric size, shape and true 
density. 

Particle Diameter, Stokes - The diameter of a hypothetical sphere having the 
same density and terminal settling velocity as the particle in question, 
regardless of its geometric size and shape. 

Particle Drift Distance - Horizontal discance from point of particle injec- 
tion into the atmosphere to point of removal by contact with the ground 
surface. 

Particulate, Fine - Airborne particulate smaller than 5 pm in Stokes diameter. 

Particulate, Suspended - Airborne particulate smaller in Stokes di-ameter than ' I  

30 micrometers, the approximate cut-off diameter for the capture of particu- 
late matter by a standard highvolume sampler, based on a particle density 

3 of 2 to 2.5 g/cm . 
Precipitation-Evaporation Index - A climatic factor equal to ten time the 
sum of 12 consecutive monthly ratios of precipitation in inches over 
evaporation in inches, which is used as a measure of the annual average 
moistire of a flat surface area. 
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' . .. ., ,. . . Road, Paved - A roadway constructed of r i g i d  su r face  mater ia l s ,  such as 
' . .  . a s p h a l t  cement, conc re t e  and brick. 
: I . .  .. 

I 

Road, Unpaved - A roadway constructed of non-r igid su r face  m a t e r i a l s  such as 
d i r t ,  g rave l  (crushed s tone  o r  s lag) ,  and o i l  and s h i p  surfaces .  

. 
Road Surface Dust Loading - The mass of l oose  su r face  dus t  on a paved roadway, 

4 per  l e n g t h  of roadway, a s  determined by d r y  vacuuming. 

Road Surface Mater ia l  - Loose material p r e s e n t  on t h e  su r face  of an unpaved 
road. 

Source, Open Dust - Any source from which emissions are generated by t h e  
f o r c e s  of wind and machinery a c t i n g  on exposed aggregate  mater ia l s .  

Source,  Process  Fugi t ive  Emissions - An unducted source of emissions involving 
a process  s t e p  which a l ters  the chemical o r  physical  c h a r a c t e r i s t i c s  of a 

I mate r i a l ,  f r equen t ly  occurr ing  wi th in  a bu i ld ing .  

I 

S i l t  Content - The mass p o r t i o n  of an aggrega te  sample smaller than 7 5  micro- 
meters i n  d iameter  as determined by d r y  s ieving.  

Spray System - A device  f o r  applying a l i q u i d  d u s t  suppressant i n  t h e  form of 
d r o p l e t s  t o  an aggrega te  material f o r  t h e  purposes of c o n t r o l l i n g  the gene- 
r a t i o n  of ausc. 

, .  . .  
, G  .' .. Storage ,... .P i l e  Activities - Processes  a s soc ia t ed  w i t h  aggregate  s to rage  p i l e s .  

s p e c i f i c a l l y ,  l.oad-in, veh icu la r  t r a f f i c  around s torage  p i l e s ,  wind eros ion  
f r m ' s t o r a g e  p i l e s ,  and load-out.  

! 
: u 1  

Surface E r o d i b i l i t y  - P o t e n t i a l  f o r  wind e ros ion  lo s ses  from an unshel tered a r e a ,  , .  . .  
based on the  percentage of e rod ib le  particles (smaller  than 0.84 mm i n  diameter)  1 :o i n  t he  su r face  material. 

! Surface S t a b i l i z a t i o n  - The formation of a r e s i s t i v e  c r u s t  on an exposed aggre- 
.:';. g a t e  su r face  through t h e  ac t ion  of a d u s t  suppressant ,  which suppresses  t h e  

r e l e a s e  of otherwise suspendable p a r t i c l e s .  
., 

Vehicle, Heavy Duty - A motor vehicle whose g ross  v e h i c l e  t r a v e l i n g  weight 
exceeds 30 tons. 

I - Vehicle, Light Duty - A motor veh ic l e  whose g ross  veh ic l e  t r a v e l i n g  weight i s  
! l e s s  than o r  equal '  t o  3 tons.' 
I 

Vehicle, Medium Duty - A motor v e h i c l e  whose gross  veh ic l e  t r ave l ing  weight 
is  g r e a t e r  than 3 tons,  bu t  less than 30 tons. 

Windbreak - A n a t u r a l  o r  man-made ob jec t  which reduces the ambient wind 
speed i n  t h e  i m e d i a t e  loca l i t y .  
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SECTION 10.0 

METRIC UNIT CONVERSION TABLE 

English unit Mult ip l ied  by Metric unit 

lb/T 
lb /veh ic l e  m i l e  
lb lacre  yr 
l b  
T 
mPh 
mile  
f t  
acre 

0.500 
0.282 
112 
0.454 
0.907 
0.447 
1.61  
0.305 
0.00405 

kg/t  
kg lveh i c l e  
kg/km2 p 

t 
m/ s 
km 
m 
km 

kg 

2 

km 

. 

. .  

1 

.. , . . 
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APPENDIX A 

FIELD TESTING METHODOLOGY 

. .  

' 0  

. . .  . . . . .  m 
. .  . 

.' . . 
I 

1.0 In t roduct ion  

F ie ld  t e s t i n g  o f  f u g i t i v e  emissions from open sources  a t  two in t eg ra t ed  
iron and s t e e l  p l a n t s  was conducted by MRI dur ing  s e p a r a t e  2-week per iods 
i n  Apr i l  and June of 1977. 
methodology t h a t  was used. 

Test ing a t  the  f irst  p l a n t  (designated as P lan t  A) took p l ace  from Apr i l  11 
to  22, 1977. Sources t e s t e d  a t  P lan t  A included: 

' .  

This appendix desc r ibes  the  f i e l d  t e s t i n g  

Funi t ive  d u s t  source 
Number of 

tes ts  

Load o u t  o f  high s i l t  processed s l a g  i n t o  t ruck  3 
Load o u t  of low s i l t  product s l a g  i n t o  t ruck  
Mobile s tacking  of  p e l l e t i z e d  i r o n  o r e  3 
Mobile s tacking  of  lump iron ore  3 
Light-duty veh icu la r  t r a f f i c  on unpaved road 
Heavy-duty veh icu la r  t r a f f i c  on unpaved road 

3 

1 
2 

A t o t a l  o f  15 t e s t s  were performed. 

Tes t ing  a t  t h e  second p l a n t  (designated as P lan t  E) took p lace  from June 13 
t o  22, 1977. Sources t e s t e d  a t  P lan t  E included: 

FuEit ive dus t  source 
Number of 

t e s t s  

Heavy-duty veh icu la r  t r a f f i c  on unpaved road 3 
Light-duty veh icu la r  t r a f f i e  on unpaved road 3 
P lan t  v e h i c l e  m i x  on paved road 3 
Conveyor t r a n s f e r  s t a t i o n  ( s i n t e r )  3 
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A t o t a l  of 12 tests were performed. 

MRI's Exposure P r o f i l i n g  technique was used t o  quant i fy  dus t  emissions by 
mul t i -poin t  sampling immediately downwind of t h e  emi t t ing  source,  u t i l i z i n g  
the  i s o k i n e t i c  p r o f i l i n g  concept which i s  the b a s i s  f o r  conventional source 
t e s t i n g .  
wi th  moderate winds (5 t o  15 mph) of cons t an t  mean d i r e c t i o n ,  3 o r  more 
days a f t e r  s i g n i f i c a n t  r a i n f a l l  (accumulation exceeding 0.5 in . ) .  

Table A - 1  s p e c i f i e s  t h e  kinds and f requencies  of f i e l d  measurements t h a t  
were conducted during each run. 
samples taken from several loca t ions  i n  the  area; " integrated" samples a r e  
those taken a t  one l o c a t i o n  f o r  t he  du ra t ion  of t h e  run. 

To the  ex ten t  poss ib le ,  measurementswere r e s t r i c t e d  t o  per iods  

\h 

"Composite" samples denote a set of  s i n g l e  

2 .0  Samplinn Eauipment 

The primary t o o l  f o r  q u a n t i f i c a t i o n  of  emission rate was t h e  MRI ex- 
posure p r o f i l e r ,  which was  developed under EPA Contract  No. 68-02-0619. 
The p r o f i l e r ( m o d i f i e d  f o r  th i s  s tudy)  c o n s i s t s  of a po r t ab le  tower 
(4 t o  6 m he1gh t )wi th  a n  op t iona l  h o r i z o n t a l  crossarm (extending t o  
about 5 i n  length)  support ing an a r r a y  of  sampling heads. .Each 
sampling head was operated as a d i rec t iona1 ,exposure  sampler (with 
automatic  s epa ra t ion  of  s e t t l e a b l e  dus t ) . '  Sampling in t akes  were 
pointed i n t o  t h e  wind, and sampling v e l o c i t y  was adjusted t o  match 
=he iota; m r ~ L u  ~ y & - ( ,  ;; ---*----A L.. d(-rr4h1.+arl m s ~ ~ ~ ~ t ~ ~ ~ .  

I"------- -., ----------- . . . . . ., .. . .  , .  . .  

A v e r t i c a l  l i n e  g r i d  o f  samplers (Figure A-1) was used f o r  i e a s u r e -  
ment of  emissions from paved and unpaved roads, while a two-dimepaional,. ,  
a r r a y  o f  samplers was used f o r  q u a n t i f i c a t i o n  of emissions from. s to rage  
p i l e  t r a n s f e r  opera t ions ,  
e n t a i l e d  passage of  t he . f low stream through a s e t t l i n g  chamber, 
t rapping  p a r t i c l e s  Larger than about  50 !-amm'in diameter, and then 
upward through a s t anda rd .8  i n .  by 10 in.  glass f i b e r  f i l ter  posi t ioned 
h o r i z o n t a l l y .  
A-'2) were used a t  per imeter  crossarm p o s i t i o n s  i n  sampling s to rage  
p i l e  emissions. Assuming t h a t  exposure from a poin t  source i s  normally 
d i s t r i b u t e d  (as  shown i n  Figure A - 3 ) ,  t h e  exposure va lues  measured by 

l i n e  exposure,  so t h a t  about.909. of  t he  t o t a l  mass f l u x  (exposure) 
l ies  wi th in  t h e  g r id  boundaries. 

Sampling time was s u f f i c i e n t  t o  p r o v i d e  s u f f i c i e n t  p a r t i c u l a t e  mass 
and t o  average over several u n i t s  of c y c l i c  f l u c t u a t i o n  i n  the 
emission r a t e  ( f o r  example, veh ic l e  passes  on an unpaved road). The 
f i r s t  condi t ion  was e a s i l y  met because of the  proximity of t h e  sampling 
g r id  t o  the  source.  

The primary sampler des ign  '(Figure A - 1 )  

Smaller a u x i l i a r y  samplers of  l i g h t e r  weight (Figure 

the  samplers a t  t h e  edge of  t he  g r i d  should be .about 259. of the center- ,. . 

L 

,*I 
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Figure A - 1 .  MRI exposure prof l ler  for l i n e  o r  moving point sources.  i 
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To Sampling Conrole 

Figure A - 2 .  Auxiliary a i r  sampler. 
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3.0 

I n  a d d i t i o n  t o  a i rbo rne  d u s t  passage (exposure), f u g i t i v e  d u s t  parsm- 
e t e r s  t h a t  were measured included suspended d u s t  concent ra t ion  and 
p a r t i c l e  s i z e  d i s t r i b u t i o n .  
were operated upwind and downwind of t he  t es t  source.  

A S i e r r a  Instruments high-volume p a r a l l e l - s l o t  cascade impactor wi th  
a 20 cfm flow c o n t r o l l e r  was used t o  measure p a r t i c l e  size d i s t r i b u -  
t i o n  along s ide  of  t he  exposure p r o f i l e r .  
equipped with a S i e r r a  cyclone presepara tor  t o  remove coarse  p a r t i c l e s  
which otherwise would tend t o  bounce o f f  of  t he  g l a s s  f i b e r  impaction 
s u b s t r a t e s ,  causing f i n e  p a r t i c l e  measurement b i a s .  The cyclone 
sampling in t ake  was d i r e c t e d  i n t o  the  wind, r e s u l t i n g  i n  i s o k i n e t i c  
sampling for a wind speed o f  10 mph. 

As ind ica ted  in Table A-1,  o t h e r  types of  parameters t h a t  were measured 
during each tes t  included (a) p reva i l i ng  meteorology, (b) p rope r t i e s  
of  t he  emi t t i ng  ma te r i a l ,  and (c)  source ex ten t  and a c t i v i t y  parameters. 

Figures A 4  t o  A-9 show t h e  l oca t ions  of  t he  sampling instruments  
r e l a t i v e  t o  t h e  emi t t i ng  f u g i t i v e  d u s t  sources.  

Conventional high-volume f i l t r a t i o n  u n i t s  

The impactor u n i t  was 

Sample Handling and Analvsis 

A t  t he  end of  each run, the co l l ec t ed  samples of  d u s t  emissions were 
c a r e f u l l y  t r ans fe r r ed  t o  p ro tec t ive  conta iners  w i th in  the  MRI instrument 
van, t o  prevent  dus t  losses .  High-volume f i l t e r s  (from the MRI 
exposure p r o f i l e r  and from standard high-volume u n i t s )  and impaction 
s u b s t r a t e s  were folded and placed i n  ind iv idua l  envelopes.  Dust 
t h a t  co l l ec t ed  on the  i n t e r i o r  sur faces  of each exposure probe was 
r insed  wi th  d i s t i l l e d  water i n t o  sepa ra t e  g l a s s  jars. Dust was t r ans -  
fe r red  from the  cyclone p r e c o l l e c t o r  i n  a similar manner. 

Dust samples from the  f i e l d  tests were returned t o  MRI and analyzed 
g rav ime t r i ca l ly  i n  the  labora tory .  Glass f i b e r  f i l t e r s  and impaction 
s u b s t r a t e s  were conditioned a t  cons tan t  temperature and r e l a t i v e  
humidity f o r  24 h r  p r i o r  t o  weighing ( the  same condi t ion ing  procedure 
used before  t a r i n g ) .  Water washes from the exposure p r o f i l e r  i n t akes ,  
cyclone p reco l l ec to r  and d u s t f a l l  buckets were f i l t e r e d ,  a f t e r  which 
the  ta red  f i l t e r s  were d r i e d ,  conditioned a t  cons tan t  humidity, and 
reweighed. 

Samples o f  road dus t  and s to rage  p i l e  materials were d r i e d  t o  d e t e r -  
mine moisture content  and screened t o  determine t h e  weight f r a c t i o n  
passing a ZOO-mesh screen, which gives  the s i l t  conten t .  A conven- 
t i o n a l  shaker was  used f o r  t h i s  purpose. That po r t ion  of the ma te r i a l  
passing through the  200-mesh screen  was analyzed t o  determine dens i ty  
of  p o t e n t i a l l y  suspendable p a r t i c l e s .  
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Figure A - 4 .  Posi t ioning o f ' a i r  sampling equipment (top view)-- 
processed s lag  load-out. 
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PROCESSED SLAG LOADOUT 

Arumom4.r lylkinetic 
Air Somplerr 
( -  i5cfm)  

Maximum lover Height = 6 m  

Irokintic Air Samplers 
(- .75cfm) 
\ 

Maximum Cmu- 
Arm Distawa - 5 m  

Figure A-5. Posit ioning of a i r  sampling equipment (rear view) -- 
processed slag load-out.  
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4.0 

4.1 

Calcu la t ion  Procedure 

Emission Rate 

The passage of a i rborne  p a r t i c u l a t e ,  1.e.. the  quant i ty  of emissions 
per u n i t  of source a c t i v i t y ,  is obtained by s p a t i a l  In tegra t ion  (over 
t he  e f f e c t i v e  c ros s - sec t ion  o f  t h e  plume) of d i s t r i b u t e d  measurements 
of exposure (rnass/area). The exposure is the point  value of the f l u x  
(rnass/area-time) of a i rborne p a r t i c u l a t e  in tegra ted  over the time of  
measurement. 

Mathematically s t a t e d ,  the t o t a l  mass emission r a t e  (R) i s  given by: 

where m - d u s t  ca tch  by exposure sampler a f t e r  subt rac t ion  of 
background 

a = i n t a k e  a r e a  of sampler 

t = sampling t i m e  

h = v e r t i c a l  d i s t a n c e  coord ina te  

w = l a t e r a l  d i s t a n c e  coordinate  

A = e f f e c t i v e  c ros s - sec t iona l  a r e a  of plume 

In the  case of a l i n e  source with an emission height  near  ground 
l eve l ,  the ma88 emission r a t e  per source length unit being sampled 
is given by: 

. 
0 

where W = w i d t h  of the sampling i n t a k e  

H = e f f e c t i v e  ex ten t  of the plume above ground 

In order  t o  o b t a i n  an accura te  measurement of a i rborne  p a r t i c u l a t e  
exposure, sampling must be conducted i s o k i n e t i c a l l y ,  i . e . ,  flow 

ii 
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4 

' *, 
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st reamlines  e n t e r  t h e  sampler r e c t i l i n e a r l y .  This means t h s t  the 
sampling in take  must be aimed d i r e c t l y  i n t o  the wind and, t o  the 
e x t e n t  poss ib le ,  t h e  sampling v e l o c i t y  must equal the loca l  wind 
speed. The f i r s t  condi t ion i s  by f a r  the more c r i t i c a l .  

4 . 2  I s o k i n e t i c  Corrections 

If i t  is necessary to  sample a t  a nonisokinet ic  flow r a t e  ( f o r  example, 
t o  o b t a i n  s u f f i c i e n t  sample under l i g h t  wind c o n d i t i o n s ) ,  t h e  fol lowing m u l -  
t i p l i c a t i v e  f a c t o r s  should be .used t o  c o r r e c t  measured exposures and concen- 
t r a t i o n s  t o  cor responding  i s o k i n e t i c  values:  

. .  

... . 

Fine P a r t i c l e s  Coarse P a r t i c l e s  
(d > 50 '' (d  < 5.1~m)  

Exposure M u l t i p l i e r  U I U  1 

Concent ra t ion  h l t i p l i e r  1 U I U  

where u = sampling i n t a k e  v e l o c i t y  a t  a given e l e v a t i o n  
U = wind v e l o c i t y  a t  same e l e v a t i o n  a s  u 
d aerodynamic (equiva len t  sphere)  p a r t i c l e  diameter 

For a p a r t i c l e - s i z e  d i s t r i b u t i o n  c o n t a i n i n g  a mixture  of f i n e ,  i n t e rmed ia t e ,  
and c o a r s e  p a r t i c l e s ,  t h e  i s o k i n e t i c  c o r r e c t i o n  f a c t o r  i s  an average of t h e  
above f a c t o r s ,  weighted by t h e  r e l a t i v e  p ropor t ion  of c o a r s e  and fine par-  
t i c l e s .  For example, i f  t h e  mass of f i n e  p a r t i c l e s  i n  t h e  d i s t r i b u t i o n  
equa l s  tw ice  the  mass of t h e  c o a r s e  p a r t i c l e s ,  t h e  weighted i s o k i n e t i c  cor -  
r e c t i o n  f o r  exposure would be 

4 . 3  P a r t i c l e  Size Dis t r ibu t ion  

A s  s t a t e d  above, a cyclone p resepa ra to r  was u s e d  i n  conjunction w i t h  
a high-volume cascade impactor t o  measure a i r b o r n e  p a r t i c l e  s i z e  d i s t r i -  
but ion.  The purpose of t h e  p r e s e p a r a t o r  was t o  remove c o a r s e  p a r t i c l e s  
which o t h e r v i s e  would tend t o  bounce through t h e  impactor  t o  t h e  back-up 
f i l ter ,  thereby caus ing  f i n e  p a r t i c l e  measurement b i a s .  

Although the cyclone p r e c o l l e c t o r  was designed by the  manufacturer 
t o  have a 50% c u t o f f  diameter of 7.6 pm ( p a r t i c l e  d e n s i t y  of 2.5 g/cm3), 
l abo ra to ry  c a l i b r a t i o n  of t h e  cyclone, r e p o r t e d  in May 1976, i nd icaced  t h e  
e f f e c t i v e  c u t o f f  diameter t o  be 3.5 pm. Because t h i s  va lue  overlapped t h e  
c u t o f f  diameter of t h e  f i r s t  impaction s t a g e  (6 .4  pm), i t  was decided t o  

A-15 



add t h e  f i r s t  s t a g e  c a t c h  t o  t h e  cyc lone  ca tch ,  i n  c a l c u l a t i n g  t h e  p a r t i -  
c le  s i z e  d i s t r i b u t i o n .  

., As ind ica ted  by the  simultaneous measurement of e i rborne  p a r t i c l e - s i z e  
d i s t r i b u t i o n ,  one impactor being used w i t h  a p r e c o l l e c t o r  and a second 
without a p r e c o l l e c t o r ,  t he  cyclone p r e c o l l e c t o r  i s  very e f f e c t i v e  in  re -  
ducing f i n e  p a n i c l e  measuranent b i a s .  However, t h e  fol lowing obse rva t ions  
i n d i c a t e  that a d d i t i o n a l  c o r r e c t i o n  f o r  c o a r s e  p a r t i c l e  bounce i s  needed: 

There i s  a monotonic decrease i n  c o l l e c t e d  p a r t i c u l a t e  weight on 
5 

1. 
each s u c c e s s i v e  impaction state,  fo l lowed by a s e v e r a l - f o l d  i n c r e a s e  i n  
weight c o l l e c t e d  by t h e  back-up f i l t e r .  

2.  Because t h e  assumed value (0.2 pm) f o r  t h e  e f f e c t i v e  c u t o f f  d i -  
ameter of t h e  glass f i b e r  back-up f i l t e r  f i t s  t h e  progression of c u t o f f  
diameters  f o r  t h e  impaction s t a g e s ,  t h e  weight c o l l e c t e d  on t h e  back-up 
f i l t e r  should f o l l o w  t h e  p a r t i c u l a t e  weight progression on the impactor 
s tages .  

The excess p a r t i c u l a t e  on the back-up f i l t e r  is postulated to  c o n s i s t  
of c o a r s e  p a r t i c l e s  that pene t r a t ed  t h e  cyclone (with small p r o b a b i l i t y )  
and bounced through t h e  impactor. 

To c o r r e c t  t he  measured p a r t i c l e  s i z e  d i s t r i b u t i o n  f o r  the e f f e c t s  -_ -c - -=* ,h=l  - -______ n?r+fcle bounce. t h e  fo l lowing  procedure w a s  used: 

1. The c a l i b r a t e d  c u t o f f  diameter f o r  the cyc lone  p r e s e p a r a t o r  was 
used  t o  f i x  t h e  upper end of t h e  p a r t i c l e - s i r e  d i s t r i b u t i o n .  

2. A t  t h e  lower end of t h e  p a r t i c l e - s i z e  d i s t r i b u t i o n ,  t h e  p a r t i c u -  
- l a t e  weight on t h e  back-up f i l t e r  was reduced t o  f i t  t h e  p a r t i c u l a t e  weight 

d i s t r i b u t i o n  of t h e  impactor s t a g e s ,  thereby extending t h e  monotonic de- 
c r e a s e  in p a r t i c u l a t e  weight observed on t h e  impactor s t a g e s ) .  

A - I 6  
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APPENDIX B 
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TESTING RESULTS AND EXAMPLE CALCULATIONS 

1.0 In t roduct ion  

This appendix provides a d e t a i l e d  p re sen ta t ion  of  the t e s t  r e s u l t s  and 
corresponding c a l c u l a t i o n  procedures f o r  each of  f i v e  ca t egor i e s  of  
f u g i t i v e  emissions sources  t h a t  were t e s t ed .  The source ca t egor i e s  
t e s t e d  were: 

:' 

* Load-out of  processed s l a g  i n t o  35-ton capac i ty  dump t rucks  wi th  
a 10 cu yd f r o n t  end loader .  

Formation of  s to rage  p i l e s  of  p e l l e t i z e d  and lump iron ore  wi th  
a mobile conveyor s t acke r .  

* 

* Vehicular t r a f f i c  on unpaved roads surfaced wi th  s l a g  and d i r t .  

* Vehicular t r a f f i c  on psved rosds .  

* Conveyor t r a n s f e r  s t a t i o n - - s i n t e r  mater ia l .  

Tes t  r e s u l t s  are presented below f o r  each of these  source ca t egor i e s .  

2.0 Slan Load-Out 

Table B-1 g ives  information on t he  time of each s l a g  load-out run and 
the p reva i l i ng  meteorological  condi t ions  a t  the s i t e .  Also given f o r  
each run is t he  quan t i ty  of ma te r i a l  loaded wi th  the  10 cu yd f r o n t  
end loader  i n t o  the  35-ton c a p a c i t y  t ruck.  

Table B-2 lists the ind iv idua l  po in t  va lues  of  exposure (net  mass per 
sampling in t ake  a rea )  w i t h i n  t he  f u g i t i v e  dus t  plume a s  measured by 
the  exposure p r o f i l i n g  equipment. Also given f o r  each high-volume sam- 
pl ing  head i s  t h e  exposure measurement cons i s t ing  of p a r t i c u l a t e  c o l -  
l e c t e d  by the  f i l t e r  following t h e  s e t t l i n g  chamber. 
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6.25 - 

A4 2.5 - 
4.37 2.4 r i g h t  
4.37 0.7 r i g h t  

4.37 0.7 l e fc  
4.37 2.4 1 d C  
b.25 - 

*5 2.5 - 
4.37 1.4 r l d h t  
4.37 0.7 r i g h t  

4. 37 0.7 left  

4.37 2.4 l.€t 

A6 2.J - 
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4.37 0.7 r i g h L  

4.37 0.7 l e f t  
4.31 2.4 l.fC 
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24 

24 

,24 

24 

I 6  

19 

14 

I7 

31 

33 

32 

33 

14 

16 

12 

14 

16 
16 
16 

12 

0.7 

0.7 

0.7 

0.7 

0.7 

0.7 

0.7 

0.7 

18 

20 

17 

17 

274 
41.2 
99.1 

182 
76.0 
74.1 

88.8 
16.4 
77.8 

80.9 
12.5 
34.0 

A54 

169 
51.6 

285 
104.7 
134 

63.4 
23.9 
31.4 

35.9 
24.1 
10.8 

20.5 
9.1 

13.0 

12.0 

7.3 

61.2 
14.9 
21.7 

41.0 
32.7 
5.9 

51.0 

22.7 

40.4 

23.8 

14.9 

14.7 

25.5 

12.3 

52.2 

29.5 

47.6 

27.2 

8.0 

4.4 

5.1 

3.1 

3.7 

2.9 

2.9 

9.0 

5.5 

11.0 

3.0 
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I Table B-3 gives  f o r  each run the i n t e g r a t e d  exposure value corrected 

measured by the upwind hi-vol  and'-'by t h r e e  types of downwind samplers 
(exposure p r o f i l i n g  head, standard hi-vol .  and high-volume cascade 
impactor) located i n  c l o s e  proximity, nea r  the center- of the plume. 
Concentrations measured by the downwind h i -vo l  a r e  s i g n i f i c a n t l y  
lower than va lues  measured by the o ther  two units because of the low 
capture  e f f i c i e n c y  of t h e  hi-vol f o r  p a r t i c l e s  l a rge r  than about 
30 pm i n  diameter. 

, .  r . . .  
. I  . ..' t o  i s o k i n e t i c  condit ' ions and eompares p a r t i c u l a t e .  concentrations: '  .:: ' ., , 

. .  - .  . -. . . .  

Table B-4 summarizes the p a r t i c l e  s i z ing  d a t a  for  t he  s i x  s lag  load-out 
t e s t s ,  P a r t i c l e  s i z e  is expressed a s  Stokes (equivalent-sphere) dian-  
e t e r  based on ac tua l  dens i ty  of s i l t - s i z e  p a r t i c l e s .  I n  addi t ion  t o  
d a t a  from the  cascade impactor measurements, Table B-4 a l so  g ives  f o r  
each r u n  the  average percent  of t he  exposure measurement c o n s i s t i n g  of 
f i l t e r  ca tch  weighted by the exposure va lue  measured by each sanpling 
head. 

Table 8-5 presents  the emission f a c t o r s  corrected t o  represent  
p a r t i c l e s :  , smal ler  than 30 pm i n  diameter .  
B-5 a r e  mater ia l  p r o p e r t i e s  and 'wind - cond i t ions '  ;dnich, c o n s t i t u t e  
c o r r e c t i o n  f a c t o r s  t o  the  emission f a c t o r s ;  

-The l a s t  column is  the c o e f f i c i e n t  (k) i n  the proposed emission f ac to r  

Also indicated in  Table 

, . . .  ' ' .  

. .  . express ion: . .  

. .  . .  
where EF = emission f a c t o r  ( lb / ton )  

. . . , . .  , . . :  s = s i l t  content of aggregate (%) 
U = mean wind speed (mph) 
M = moisture c o n t e n t ' o f  aggregate  (%) 

' .  . , . . . .  

. ,  .. . The value k represents  a measure of the a c t i v i t y  or energy expended . .  
d u r i n g  the load-out process. 

Table B-6 presents  an example emission f a c t o r  c a l c u l a t i o n .  
c u l a t i o n  is based on d a t a  f o r  Run A l .  

The c a l -  

. .  . .  

h 

-.  . 
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TABLE B-4. PARTICLE SIZING DATA SUMMARY--MATERIAL LoAD.OUT 
, .  (Density = 3 gtcm3) 
I 

I 

i 

I 

I 

! 
I 
I 

I 
I 
I 

! 
I 
! 

i 
! 
I 

! 
1 
i 

, .  . .  

Cascade Impactor Prof il er 
MaSS Weighted av- 

median erage % cap- 
diameter Percent Percent tured on the 

Slag type Run @d < 3 0 p m  C 5pm R a t i d  f i l t e r  
b 

4120 Al > 100 8 2.5 0.31 22 
A2 > 100 10 3 0.30 22 
A3 '> 100 5.5 1.5 0.27 15 

A4 > 100 13 4 0.31 14 
n5 3 100 14 4 0.29 17 

4133 

A6 > 100 13 3.5 0.27 20 
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TABLE B-6. EXAMPLE CALCUIATION FOR RUN Al--SIAG LOAD-OUT 

Resul t  

A. P l o t  f i l t e r  exposure ve r sus  sampler l oca t ion .  -- 
B. Graphical ly  i n t e g r a t e  to  determine the  a rea  under t h e  

exposure sur face .  20.4 l b  

C. D i v i d e  B by the  q u a n t i t y  of  m a t e r i a l  loaded to 
a r r i v e  a t  t h e  in t eg ra t ed  f i l t e r  exposure. 0.15 l b l t o n  

D. Mul t ip ly  C by the r a t i o  of  t he  percent  d 0  pm (8%) 

' 

TEZ ?he v i z h r d  avcrase percent  suspended (22%) 
t o  o b t a i n  t h e  emission f a c t o r  for p a r t i c l e s  ' ' 

smaller than 30 pm. 0.056 l b l t o n  ; '  . .  

E. Correc t  D t o  i s o k i n e t i c  condi t ions  fol lowing the  
procedure given i n  Appendix A. ( A l l  coa r se  

'. p a r t i c l e s ;  t he re fo re  c o r r e c t i o n  f a c t o r  = 1.) 0.056 l b / t o n  ' , .  . .  

. . .  . .  ...._. 

.. . .  

Y 
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3.0 Ore P i l e  S tacking  

b' 

, .  
I .  . .  

Table B-7 gives  information on the  time of  each ore  p i l e  s t ack ing  
run and the  p reva i l i ng  meteorological  condi t ions  a t  the s i t e .  
given f o r  each run is t he  quan t i ty  of ma te r i a l  loaded onto the 400-f t  
long p i l e  by means of  the mobile conveyor s t acke r .  

Table B-8 l i s t s  the ind iv idua l  point  va lues  o f  exposure (net  mass p e r  
sampling in t ake  area)  w i th in  the f u g i t i v e  dus t  plume a s  measured by 
t h e  exposure p r o f i l i n g  equipment. 
sampling head is t he  exposure measurement cons i s t ing  of  p a r t i c u l a t e  
c o l l e c t e d  by the  f i l t e r  fol lowing t h e  s e t t l i n g  chamber. 

Table B-9 gives  f o r  each run the in t eg ra t ed  exposure va lue  corrected'  
t o  i s o k i n e t i c  condi t ions  and compares p a r t i c u l a t e  concent ra t ions  
measured by the  upwind h i -vol  and by two types of downwind samplers 
(exposure p r o f i l i n g  head and high-volume cascade impactor) located 
in  c l o s e  proximity,  near t he  c e n t e r  of the plume. 

Table B-10 summarizes the p a r t i c l e  s i z i n g  d a t a  for t he  six ore  p i l e  
s tacking  t e s t s .  P a r t i c l e  s i z e  is expressed a s  Stokes (equivalent-  
sphere) diameter based on a c t u a l  d e n s i t y  of  s i l t - s i ze  p a r t i c l e s .  In 
add i t ion  t o  d a t a  from the  cascade Impactor measurements, Table B-10 
a l s o  g ives  f o r  each run t h e  average percent  of the exposed measure- 
ment c o n s i s t i n g  o f  f i l t e r  ca t ch  weighted by the  exposure value mea- 
sured by each sampling head. 

Table B-11  p resents  t h e  emission f a c t o r s  cor rec ted  t o  represent  
p a r t i c l e s  smal le r  than 30 pm i n  diameter.  
8-11 a r e  material p rope r t i e s  and wind condi t ions  which c o n s t i t u t e  
c o r r e c t i o n  f a c t o r s  t o  the  emission f ac to r s .  

The las t  column is the  c o e f f i c i e n t  (k) i n  the proposed emission 
f a c t o r  expression:  

Also 

Also  given f o r  each high-volume 

.. 

Also ind ica ted  i n  Table 

su E F = k -  
M2 

where E = emission f a c t o r  ( lb / ton)  
s = s i l t  content  of  aggregate  (%) 
U = mean wind speed (mph) 
M = moisture  content  of aggregate  (%) 

The va lue  k represents  a measure of  t he  a c t i v i t y  o r  energy expended 
during the  load-out process .  
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6. 

TABLE B-8. PLUME SAMPLING DATA--ORE PILE STACKING 

Distance 
Sampling from Sampling Total  F i l t e r  
height  c e n t e r l i n e  r a t e  exposure exposure 

Run (m 1 (m > ( c fm)  (mn/cm2) (mnlm2) 

A9 

A l l  

A12 

A0 1 
2 1.4 r i g h t  
2 
2 1.4 l e f t  
3 
4 

1 
2 
3 1.4 l e f t  
3 
3 1.4 r i g h t  
4 

AlO 1 
2 

3 
3 1.4 left 
4 

1 
2 1.4 l e f t  
2 
2 1.4 r i g h t  
3 
4 

1 
2 
2 
2 
3 
4 

A13 1 
2 
3 1.4 l e f t  
3 
3 1.4 r i g h t  
4 

3 '  3 1.4 right 

1.4 r i g h t  

1.4 l e f t  

I 2  

13 

12 
16 

20 
22 

22 

23 

21 
22 

22 

25 

15 

16 

14 
19 

12 

14 

12 
17 

12 
14 

11 

16 

0.7 

0.7 

0.7 

0.7 

0.7 

0 .7  

0.7 

0 .7  

0.7 

0.7 

0 .7  

0.7 

113 
18.1 
21.7 
12.6 
11 
3 

51 
48 
45.0 
62 
46.8 
26 

70 
6 1  
31.0 
58 
30.3 
8 

38.5 
15.1 
14.7 
9.9 

11.5 
4.0 

10.5 
8.0 
5.50 
1.7 
3.72 
1.78 

1.39 
1.65 
2.09 
2.05 
3.62 
1.59 

25.5 

5.8 

2.4 
0.8 

19.7 ' .  
14.6 

16.7 

6.2 

20.6 
12.6 

15.7 

8.5 

5.4 

2.1 

1.3 
0.8 

0.9 

0.6 

0.4 
0.4 

0.3 
0.5 

0.5 

0.3 
t 
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TABLE B-10. PARTICLE SIZING DATA Sl.MMARY--ORE PILE STACKING 
(Density = 4 . 5  t o  4 . 9  g/c& 

Cascade Impactor Prof i ler  
Mass Weighted av- 

median erage % cap- 
P i l e  diameter Percent Percent tured on the 
material Run b m )  3 0 m  5b.m R a t i s '  f i l t e r  

P e l l e t s  A0 z 100 22 0 0.36 23 
A& 30 
A10 z 100 10 3 0.33 34 

Open hearth A l l  z 100 11 3 0.27 42 
ore 

i 

Desert mound A12 z 100 11 3.5 0.32 10 
ore A13 > LOO 25 7 0.20 17 

51 Percent 5 pm percent 30 Pm. 

- b/ Sierra not used. 

Y 
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Table B-12 presents an example emission factor calculation. The 
calculation is based on data for Run A8. 

Y 

. .  

, F '  

I 
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TABLE B-12.  EXAMPLE CALCUIATION FOR RUN AB--ORE PILE STACKING 

A.  Plot  f i l t e r  exposure ve r sus  sampler loca t ion .  -- 
B. Graphical ly  I n t e g r a t e  t o  determine t h e  a r e a  under 

the  exposure surface.  2.0 l b  

C. Divide B by the q u a n t i t y  of m a t e r i a l  p i l e d  t o  a r r i v e  
a t  the In tegra ted  f i l t e r  exposure. 0.0041 l b l t o n  

D. Mult iply C by the  r a t i o  of the percent  e30 pm (22%) 
over the weighted average percent  suspended (23%) 
t o  o b t a i n  the emission f a c t o r  f o r  p a r t i c l e s  smaller 
than 30 pm. 0.004 l b l ton  

E. Correct D t o  l s o k i n e t i c  condi t ions following the 
procedure given i n  Appendix A. 
p a r t i c l e s ;  t h e r e f o r e  c o r r e c t i o n  f a c t o r  = 1.) 0.004 l b l t o n  

(All  coa r se  

I ... ., . . .... 
i 

, . .  . .  . . . . . . . .. . ... .. 
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4.0 T r a f f i c  on Unpaved Roads 

Table B-13 gives information on the t i m e  of each unpaved road run and 
the  p reva i l i ng  meteorological  condi t ions  a t  t he  s i t e .  Also given for  
each run i s  the  number o f  v e h i c l e  passes  by v e h i c l e  type.  

Table B-14 l ists  the  ind iv idua l  po in t  va lues  of  exposure (ne t  mass per 
sampling in t ake  a rea )  w i th in  the f u g i t i v e  dus t  plume as measured by 
the exposure p r o f i l i n g  equipment. 
sampling head is t h e  exposure measurement c o n s i s t i n g  o f  p a r t i c u l a t e  
co l l ec t ed  by the f i l t e r  following the s e t t l i n g  chamber. 

Table B-15 g ives  f o r  each run  t h e  in t eg ra t ed  exposure value and 
compares p a r t i c u l a t e  concent ra t ions  measured by the  upwind h i -vo l  
and by t h r e e  types of  downwind samplers (exposure p r o f i l i n g  head, 
s tandard h i -vo l ,  and high-volume cascade impactor) loca ted  i n  
c l o s e  proximity,  near  t h e  c e n t e r  of  t he  plume. Concentrat ions 
measured by the p r o f i l e r  a re  s i g n i f i c a n t l y  lower than va lues  mea- 
sured by the  o the r  two u n i t s  because t h e  p r o f i l e r  sampled a t  3 m 
above ground r a t h e r  than 2 m. 

Table B-16 summarizes t h e  p a r t i c l e  s i z i n g  d a t a  f o r  t he  six unpaved road 
t e s t a .  P a r t i c l e  s i z e  is expressed as Stokes (equivalent-sphere) diam- 
eter based on a c t u a l  d e n s i t y  o f  s i l t - s i z e  p a r t i c l e s .  
d a t a  from t h e  cascade knpactor measurements, Table B-16 a l s o  g ives  f o r  
each run the  average percent  o f  the exposure measurement c o n s i s t i n g  of  
f i l t e r  ca t ch  weighted by t h e  exposure value measured by each sampling 
head. 

Table B-17 p resen t s  the emission f a c t o r s  cor rec ted  t o  r ep resen t  
p a r t i c l e s  smaller than 30 pm i n  diameter.  Also ind ica ted  in Table B-17 
a r e  material p rope r t i e s  and wind condi t ions  which c o n s t i t u t e  co r rec t ion  
f a c t o r s  t o  the emission f a c t o r s .  

Table B-18 p re sen t s  an example emission f a c t o r  ca l cu la t ion .  'Ihe ca lcu-  
l a t i o n  is based on d a t a  f o r  Run A14. 

Also given f o r  each high-volume 

. .  

I n  add i t ion  t o  

B-17 
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TABLE B-14. PLWE SAMPLING DATA-- 
UNPAVED ROADS 

A7 

A14 

A 1 5  

E l  

E2 

e3 

e4 

E5 

E6 

I 
2 
3 
4 

1.5 
3 
4 . 5  
6 

1 . 5  
3.0 
4 .5  
6 . 0  

1 . 5  
3 .0  
4 . 5  
6.0 

1.5 
3.0 
4 . 5  
6 .0  

1.5 
3 . 0  
4.5 
6.0 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

31 
33 
29 
35 

13 
16 
14 
16 

14 
17 
15 
16 

1 1 . 2  
12.7 
14.2 
14.9 

14.9 
16.5 
18.6 
19.6 

14.0 
17.2 
19.2 
20.2 

10.7 
12..7 
14.2 
14.9 

18.2 
21.2 
22.5 
24.0 

14.9 
17.2 
18.7 
20.2 

5.34 
2.90 
1.54 
0.28 

17 .9  
6.33 
5.11 
1.39 

12.5 
6.78 
5.91 
2.9J 

4.53 
3.67 
2.33 
1.24 

4.u 
3.16 
2.92 
1.79 

5.76 
3.07 
1.70 
0.95 

.4.24 
2.94 
1.80 
0.86 

5.70 
3 .42  
1.82 
0 .68  

8 .15  
2.25 
2.47 
0.76 

5.46 
3.15 
1 .47  
0.32 

4.38 
1.89 
1.33 
0.42 

3.24 
2 .16  
1.65 
0.8% 

2.5 
1 . 9  
1 . 4  
0 . 7  

2 . 5  
1 .7 
1.8 
1 .0  

3 .0  
1.5 
0 .9  
0 . 3  

2.2 
1.8 
1 . 1  
0 . 5  

3 . 3  
2 . 3  
1 .2  
0 . 5  

4 .8  
1.3 
1.7 
0.6 
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T A B U  B-18. EXAMPU CALCULATION FOR RUN A14--UNPAVED AND PAVED ROADS 

A. Plo t  f i l t e r  exposure ve r sus  sampler he ight .  _- 
B. Graphical ly  i n t e g r a t e  t o  determine the  a r e a  under 

the  v e r t i c a l  exposure p r o f i l e .  240 lb /mi le  

C. Divide B by the number of  v e h i c l e  passes  t o  
a r r i v e  a t  the in tegra ted  f i l t e r  exposure. 16 l b / v e h i c l e  mile 

D. Mult iply C by the r a t i o  of t he  percent  <30 prn 
(60%) over the weighted average percent  
suspended (42%) t o  ob ta in  t h e  emission f s c t o r  
f o r  p a r t i c l e s  smal le r  than 30 pm. 23 l b t v e h i c l e  m i l e  

E. Correct  D t o  i s o k i n e t i c  cond i t ions  following the  
procedure given in Appendix A. 27 lb /veh ic l e  m i l e  

B-23 
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5.0 T r a f f i c  on Paved Roads 

Table B-19 g ives  information on the time o f  each paved road run and 
the  p r e v a i l i n g  meteorological  condi t ions  a t  the  s i te .  
each run is  t h e  number of  veh ic l e  passes .  

Also given f o r  

Table B-20 l i s t s  t h e  ind iv idua l  po in t  va lues  of  exposure (net  mass per  
sampling in t ake  a r e a )  w i th in  t h e  f u g i t i v e  dus t  plume as measured by 
t h e  exposure p r o f i l i n g  equipment. 
sampling head i s  t h e  exposure measurement cons i s t ing  of  p a r t i c u l a t e  
c o l l e c t e d  by t h e  f i l t e r  following the s e t t l i n g  chamber. 

h Also given f o r  each high-volume 

Table B-21 g ives  f o r  each run the  in t eg ra t ed  exposure va lue  and 
compares p a r t i c u l a t e  concent ra t ions  measured by the  upwind h i -vol  
and by t h r e e  types of downwind samplers (exposure p r o f i l i n g  head, 
s tandard h i -vo l ,  and high volume cascade impactor) located i n  
c l o s e  proximity,  near  t h e  c e n t e r  of  t he  plume. 

Table B-22 summarizes t h e  p a r t i c l e  s i z i n g  d a t a  f o r  t h e  s i r  paved road 
t e s t s .  P a r t i c l e  s i z e  i s  expressed as Stokes (equivalent-sphere) diam- 
e ter  based on a c t u a l  dens i ty  o f  s i l t - s ize  particles. 
d a t a  from the  cascade impactor measurements, Table B-22 a l s o  g ives  f o r  
each run  the  average percent of  t he  exposure measurement cons i s t ing  o f  
f i l t e r  ca t ch  weighted by the  exposure value measured by each sampling 
neai. 

In  add i t ion  t o  

Table B-23 p resen t s  t he  emission f a c t o r s  cor rec ted  t o  represent  p a r t i c l e s  
smal le r  than 30 pm i n  diameter.  A l s o  ind ica ted  i n  Table B-23 a r e  
material p r o p e r t i e s  and wind condi t ions  which c o n s t i t u t e  co r rec t ion  
f a c t o r s  t o  the emission f a c t o r s .  

Table B-18 i n  the previous sec t ion  p resen t s  a n  example emission f a c t o r  
c a l c u l a t i o n .  The c a l c u l a t i o n  i s  based on d a t a  f o r  Run A14.  

B-24 
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TABLE B-20. PLUME SAMPLING DATA--PAVED ROADS 

Sampling Sampling Total F i l t e r  
height ra te  exuosure exoosure 

. .  , 

. . . .  .., 

. .  

. .  . ._.. 

..~ . .  
'I.. , .. 

.. . ._ 

:. , ., 

E7 11.2 
12.7 
14.2 
14.9 

1 11.8 
2 ' ,  ' '  . .12.7 
3 14.9 
4 15.2 

. .  . .  E8 
. .  

.33 .22 

.28 15 

.45 -24  

.38 .20 

-67 -30 
.59 .28 
-63 .41 
-76 .37 

. ,  :. . .  .... _... 

. .  , 

. 
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I TABLE B-22. PARTICLE SIZING DATA SUMMARI--PAVED ROAD 
(Density = 3 g/cm3) 

Cascade Impactor R o f f l e r  
Mass Weighted av- 

median erage 7. cap- 
diameter Percent Percent t u e d  on the 

Run @m) < 30 pm < 5 pm &ti&' f i l t e r  

E7 5 91 50 0.55 36 

E8 9 7 5  31 0.49 52 

E9 7 85 41 0.48 43 

21 Percent < 5 p m  i percent C 30 pm. 
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6.0 Conveyor Transfer S t a t i o n  

Table B-24 gives information on the time of each conveyor t ransfer  
run and the  preva i l ing  meteorological condi t ions at  the s i t e .  
given f o r  each run i s  the  quant i ty  of s i n t e r  mater ia l  t ransfered.  

Table B-25 l is ts  the  individual  point  values  of exposure (net mass pe r  
sampling intake a rea )  w i t h i n  the  f u g i t i v e  d u s t  plume as  measured by 
the exposure p r o f i l i n g  equipment.. --- 

Also 

- 

Table 8-26 gives f u r  each run t h e  in tegra ted  exposure value and compares 
p a r t i c u l a t e  concentrat ions measured by t h e  upwind hi-vol and by two 
types of downwind samplers (exposure p r o f i l i n g  head and high-volume cas- 
cade impactor) located i n  c l o s e  proximity, near  the center  of the  plume. 

Table B-27 summarizes the p a r t i c l e  s i z i n g  data  for the six conveyor 
t r a n s f e r  t e s t s .  P a r t i c l e  s i z e  is expressed a s  Stokes (equivalent-  
sphere) diameter based on ac tua l  dens i ty  of s i l t - s i z e  pa r t i c l e s .  I n  
addi t ion  to  da ta  from the cascade impactor measurements, Table B-27 
a l s o  g ives  f o r  each r u n  the average percent of  the exposure measure- 
ment cons is t ing  of f i l t e r  catch weighted by t h e  exposure value mea- 
sured by each sampling head. 

Table 8-28 presents  the  emission f ac to r s  corrected t o  represent 
p a r t i c l e s  smaller than 30 ym i n  diawrer .  Al+n Lc<<ce.C-?! i= T:k:: 
B-28 a r e  mater ia l  p roper t ies  and wind condi t ions which cons t i t u t e  
cor rec t ion  f a c t o r s  t o  the  emission f ac to r s .  

Table B-29 presents  an example emission f ac to r  ca lcu la t ion .  The 
c a l c u l a t i o n  is based on data f o r  Run E10. 

.. 
, . .  ... 
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TABLE 5 2 5 .  PLUHE SAMPLING DATA--CONVEYOR TRANSFER 

Sampling Sampling Total  
Robe . height rate exposure 

Run unit no. (d (cfm) ( m g I m 2 )  

E10 5 
4 
1 
2 
3 

E l l  2 
3 
5 
1 
4 

2.2 
1.6 
1.6 
1.6 
1.1 

2.2 
1.6 
1.6 
1.6 
1.1 

-65 16.8 
-65 17.2 
.65 39;5 
-65 51.0 
-65 32.2 

-65 45.6 
-65 26.8 
-65 31.2 
.65 57.1 
-65 30.4 

E12 4 .2 .2  .65 16.1 .. 

3 1.6 ' . '  ' -65 31.2 
1.6 -65 20.3 

14.6 
5 
1 1.6 -65 
2 1.1 -65 18.6 
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TABLE B-27. PARTICLE SIZING DATA SUMMARY--CONVEYOR TRANSFER 
(Density = 3 .8  g/crn3) 

Sierr a Prof i l er  
Mass Weighted av-  

median erage 9. cap- 
diameter Percent Percent tured on the 

Run < 30 pm 5 lbm R s t i o d  f i l t e r  

E10 19 61 20 0.33 72 

E l  1 31 49 19 0.39 65 

E12 21 57 23 0.40 59 

- 

4 

,. ..., 

- a/ Percent C 5 pm .I percent 4 0  .)lm. 

! 

. .  . . .  
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TABLE B-29. EXAMPLE CALCIJJATION FOR RUN ElO--CONVEYOR TRANSFER 

Result  
. .. . .  

A. P l o t  f i l t e r  exposure ve r sus  sampler loca t ion .  _- 
B. Graphical ly  i n t e g r a t e  t o  determine the a r e a  under 

the exposure sur face .  3.1 lb  

i. irivide B DY tne quantzty o t  m a t e r i a l  t r a n s f e r r e d  t o  
a r r i v e  a t  the i n t e g r a t e d  f i l t e r  exposure. 0.043 l b / t o n  

, .  
. .  ., . . .  . . .. 

. .  . .  
. . .  . .. ~. D." Multiply C by t h e  r a t i o  of the 'percent 4 0  !Jai '(61%) 

over the weighted average percent suspended (72'1.) 
t o  o b t a i n  the emission factor. '  f o r  p a r t i c l e s  
smaller  than 30 IUD. 

. .  I . 0 

0.036 l b / t o n  
I * '  

. .  . . ., . 
, ... 

... . , 

'. 
.. . 

. .  . .  . .  
, .  
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APPENDIX C 

STABILIZATION CHEMICALS FOR OPEN DUST SOURCES 

The fol lowing t a b l e  l ists  various dust  suppression c h w c a l s  and t h e i r  
r e s u l t a n t  c o n t r o l  e f f i c i e n c i e s .  
coa l  s t o r a g e  p i l e s  placed in a wind tunnel s i n d a t i n g  an average wind 
v e l o c i t y  of 10 t o  11 mph. The two dust suppression chemical appl ica-  
t ion schanes deemed most economical and e f f i c i e n t  were Nos. 21 and 22 
i n  t h e  following t a b l e d  

These chemicals were placed on mock 
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Dust Suppression Chemical 
(water D1u s as  l i s t e d )  Control Eff ic iency ('& 

1. Dustrol "A" 1:5000 

2. T-Det 1:4 

3. CaO 1% 

4. CaC12 2% 

5. cements 5% 

6. Coherex 1:15 

7. Coherex 1:8 

8. Coherex 1:4 

9. Dowell Chemical Binder 1% 

LO. Dowell Chemical Binder 2% 

11. D o w e l l  Chemical Binder 3% 

12. 1% CaC12, i n  1:5000 Dustrol "A" 

13. 1% CaO i n  1:8 Coherex 

14. 1% CaO in  2% Dowell Chemical 
ZinJrr 

15. 1% CaO i n  3% Dowell Chemical 
Binder 

16. Dried Whole Blood 5% 

17. Dried Pork Plasma 5% 

18. Dried Pork Plasma 3% 

19. 

20. Dri-Pro 5% 

21. YL CaO, 1:3000 T-Det i n  2% 
Dowell Chanical Binder 

1% CaC12 in 3% Pork Plasma 

22. 1% CaO, 1% C a C l 2 ,  1:4000 
Dustrol "A" 4- 2% Dowell 
Chemical Binder 

-7 .a 
76 

2.8 

33.8 

26.8 

22.5 

15:s 

97.2 

70.4 

97 e 2  

97.2 

15.5 

31  

95.1 

81.7 

27 -1 

79 

96 

52 

7 

98.6 

98 -6 
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