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ABSTRACT 

To assist control agency personnel and industry personnel in evaluathg 
fugitive emission control plans and in developing cost-effective control 
strategies, the U. S. Environmental Protection Agency has funded the prepara- 
tion of a technical manual on the identification, assessment, and control of 
fugitive particulate emissions. This manual's orgdzational stxycture follows 
the steps to be undertaken in developing a cost-effective control strategy for 
fugitive particulate emissions. The procedural steps are the same whether the 
sources of interest are contained within a specific industrial facility or dis- 
tributed over an air quality control jurisdiction. 

The manual slmmarizes the quality and extent of published performance 
data for control systems applicable to open dust sources and process sources. 
The scheme developed to rate performance data reflects the extent to which 
a control efficiency value is based on mass emission measurement and re- 
ported in enough detail for adequate validation. In addition to presenting a 
cost analysis methodology, the manual identifies primary cost elements and 
sources of mst data and presents a fully worked industrial example of cost- 
effective control strategy development. 
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- 
SECTION 1 

INTRODUCTION 

F u g i t i v e  p a r t i c u l a t e  emissions are emi t ted  by a wide v a r i e t y  o f  sources 

both i n  the  i n d u s t r i a l  and i n  the  non indus t r ia l  sectors. Fug i t i ve  emissions 

r e f e r  t o  those a i r  p o l l u t a n t s  t h a t  en ter  the  atmosphere w i thout  f i r s t  pass- 

i n g  through a s tack o r  duct  designed t o  d i r e c t  o r  con t ro l  t h e i r  f low.  

F u g i t i v e  p a r t i c u l a t e  emission sources may be separated i n t o  two broad 

categor ies:  process sources and open dust sources. Process sources o f  fu -  

g i t i v e  emissions are those associated w i t h  i n d u s t r i a l  operat ions t h a t  a l t e r  

the  chemical o r  phys ica l  c h a r a c t e r i s t i c s  o f  a feed mater ia l .  Examples are 

emissions from charging and tapping o f  me ta l l u rg i ca l  furnaces and emissions 

f r o m  crushing o f  mineral  aggregate. Such emissions normal ly occur w i t h i n  

b u i l d i n g s  and, unless captured, are discharged t o  the atmosphere through 

forced o r  na tura l  d r a f t  v e n t i l a t i o n  systems. Open dust sources e n t a i l  the 

entrainment o f  s o l i d  p a r t i c l e s  i n t o  the  atmosphere by the  forces o f  wind o r  

machinery a c t i n g  on exposed mate r ia l  s. Open dust  sources i nc l  ude i ndus t r i  a1 

sources associated w i t h  the  open t ranspor t ,  storage, and t r a n s f e r  o f  raw, 

in termediate,  and waste mater ia ls ,  and non indus t r ia l  sources such as unpaved 

and paved p u b l i c  roads and cons t ruc t ion  a c t i v i t i e s .  

1.1 PURPOSE OF DOCUMENT 

To a s s i s t  con t ro l  agency personnel i n  eva lua t ing  f u g i t i v e  emissions 

c o n t r o l  p lans and t o  a s s i s t  i ndus t r y  personnel i n  the  development o f  cost-  

e f f e c t i v e  c o n t r o l  s t ra teg ies ,  t he  U.S. Environmental Pro tec t ion  Agency has 

funded the  prepara t ion  o f  t h i s  techn ica l  guidance document on the  i d e n t i f i -  

ca t i on ,  assessment, and con t ro l  o f  f u g i t i v e  p a r t i c u l a t e  emissions. The 

document descr ibes the  procedures f o r  developing a cos t -e f fec t i ve  s t ra tegy  

f o r  t he  c o n t r o l  o f  f u g i t i v e  p a r t i c u l a t e  emissions w i t h i n  any s p e c i f i c  p l a n t  

1 



o r  area se t t i ng .  Also, i t  provides sources o f  data o r  i n  some cases actual  

data needed t o  implement the  procedures. 
Wi th in  t h i s  document, cost -ef fect iveness i s  def ined as the  annualized 

cos t  o f  con t ro l  d i v ided  by the  reduc t ion  i n  t o t a l  annual p a r t i c u l a t e  emis- 

s ions (.$/Mg), as a r e s u l t  o f  t he  f u g i t i v e  emissions con t ro l  system being 
employed. Control  costs  i nc l  ude the  c a p i t a l  , operat ing , and maintenance 
costs associated w i t h  the  system over i t s  usefu l  l i f e .  

The p a r t i c l e  s i z e  f r a c t i o n s  c i t e d  i n  t h i s  manual include: 

TP 

TSP 

I P  

P M l O  

RP 

FP 

Tota l  a i rborne p a r t i c u l a t e  matter. 

To ta l  suspended p a r t i c u l a t e  matter,  as represented approximately 
by p a r t i c l e s  equal t o  o r  smal ler  than 30 pm i n  aerodynamic diam- 
e te r .  

Inha lab le  p a r t i c u l a t e  mat ter  cons i s t i ng  o f  p a r t i c l e s  equal t o  o r  
smal ler  than 15 pm i n  aerodynamic diameter. 

P a r t i c u l a t e  mat ter  cons i s t i ng  o f  p a r t i c l e s  equal t o  o r  smal ler  
than 10 pm i n  aerodynamic diameter. 

Respirable p a r t i c u l a t e  mat ter  cons i s t i ng  o f  p a r t i c l e s  equal t o  o r  
smal ler  than approximately 3.5 pm i n  aerodynamic diameter 

Fine p a r t i c u l a t e  mat ter  cons i s t i ng  o f  p a r t i c l e s  equal t o  o r  
smal ler  than 2.5 pm i n  aerodynamic diameter. 

Respirable p a r t i c u l a t e  mat ter  r e f e r s  t o  the  p a r t i c l e  s i z e  f r a c t i o n  
penet ra t ing  the  Dorr -Ol iver  cyclone used as a standard device f o r  indus- 
t r i a l  hygiene measurements. The cyclone has a 50% cu t -po in t  o f  about 
3.5 pmA when operated a t  2 L/min and i s  the  device chosen i n  the  Uni ted 

States t o  most c lose ly  s imulate the  penet ra t ion  o f  dust  i n t o  the  lung. 
Unless otherwise ind icated,  use o f  t he  term p a r t i c u l a t e  emissions i n  

t h i s  document r e f e r s  t o  the  p a r t i c l e  s i ze  f r a c t i o n  c o l l e c t e d  by the  standard 

high-volume sampler, which i s  the  reference device f o r  t he  e x i s t i n g  Nat ional  

Ambient A i r  Q u a l i t y  Standards f o r  p a r t i c u l a t e  matter.  Although the  standard 
high-volume sampler does no t  have a sharp p a r t i c l e  s i z e  cu t -po in t  f o r  capture 
o f  a i rborne p a r t i c u l a t e  matter,  an e f f e c t i v e  cu t -po in t  o f  30 pm aerodynamic 
diameter (pmA) i s  f requent ly  assigned. This  p a r t i c l e  s i ze  f r a c t i o n  i s  

normal ly r e f e r r e d  t o  as t o t a l  suspended p a r t i c u l a t e  mat ter  (TSP). 
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1.2 SCOPE OF DOCUMENT 

This document describes the recommended steps i n  developing a cost- 

e f f e c t i v e  cont ro l  s t ra tegy f o r  s p e c i f i c  sources o f  f u g i t i v e  p a r t i c u l a t e  

emissions. 

Whether the sources o f  i n t e r e s t  are contained w i t h i n  a spec i f i c  indus- 

t r i a l  f a c i l i t y  o r  d i s t r i b u t e d  over an a i r  q u a l i t y  con t ro l  j u r i s d i c t i o n ,  the 

general procedure f o r  con t ro l  s t ra tegy development i s  the same. The steps 

are as fo l lows:  

Step 1: Source i d e n t i f i c a t i o n .  

Step 2: Preparat ion o f  an emissions inventory.  

Step 3: I d e n t i f i c a t i o n  o f  con t ro l  a l te rna t ives .  

Step 4: Est imat ion o f  con t ro l  system performance. 

Step 5: Est imat ion o f  con t ro l  costs. 

Step 6: Select ion o f  cos t -e f fec t i ve  contro ls .  

Figure 1-1 graph ica l l y  summarizes the  procedure. 

It i s  assumed t h a t  the need f o r  reduct ion i n  emissions has been deter-  

mined as requ i red  t o  achieve a desired net  improvement i n  a i r  q u a l i t y  o r  t o  

prov ide an o f f s e t  f o r  an increase i n  emissions from an expanding source 

operat ion.  

and source emissions are described i n  Appendix A. 

The organizat ion o f  t h i s  document ( i . e . ,  chapter designations) r e f l e c t s  

an emphasis on cont ro l  technology i n  r e l a t i o n  t o  the other  technica l  areas 

associated w i t h  con t ro l  s t ra tegy development. Also greater  emphasis i s  

placed on open dust sources ra the r  than process sources. This,  i n  fac t ,  i s  

cons is tent  w i t h  the l a rge r  body o f  ava i lab le  data on the performance o f  open 

dust source cont ro ls  ( focusing on cont ro ls  appl i cab le  t o  unpaved roads). 

F i n a l l y ,  although f u g i t i v e  p a r t i c u l a t e  emissions can be reduced by reducing 

the extent  o f  the source, t h i s  document focuses on the use o f  "add-on" con- 

t r o l s  which do no t  a f f e c t  the s ize  o r  throughput o f  the source. 

The techniques f o r  es tab l i sh ing  re la t ionsh ips  between a i r  q u a l i t y  
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Figure 1-1. Flow diagram for the identification, assessment, 
and control of fugitive particulate emissions 
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While a v a r i e t y  o f  con t ro l  techniques appl icable t o  sources o f  f u g i t i v e  

p a r t i c u l a t e  emissions are discussed i n  t h i s  document, con t ro l  e f f i c i e n c y  

values are spec i f i ed  only  f o r  those cont ro l  opt ions which have been tes ted  

f o r  e f fect iveness.  However, the  reader i s  re fe r red  t o  o ther  review docu- 

ments which present estimated values o f  con t ro l  e f f i c i e n c y  f o r  con t ro l  op- 

t i o n s  which have no publ ished performance data. 

The chapter contents o f  t h i s  document are summarized as fo l lows: 

Chapter 2 ( I d e n t i f i c a t i o n  o f  Sources) def ines the terms used t o  
i d e n t i f y  sources o f  f u g i t i v e  p a r t i c u l a t e  emissions, describes 
generic source categories, and c l a s s i f i e s  spec i f i c  sources by 
generic category w i t h i n  each major indus t ry  i n  a mat r ix  format. 

Chapter 3 (Preparation o f  an Emissions Inventory) presents a re-  
view o f  the standard procedures used t o  develop an emissions i n -  
ventory and t o  determine the desired reduct ion i n  p a r t i c u l a t e  emis- 
sions from f u g i t i v e  sources. 

Chapter 4 ( I d e n t i f i c a t i o n  o f  Control  A l te rna t ives)  i d e n t i f i e s  con- 
t r o l  a l t e rna t i ves  by generic category and presents a mat r ix  o f  
f eas ib le  cont ro l  a l t e rna t i ves  f o r  s p e c i f i c  sources w i t h i n  each 
major indus t ry  . 
Chapter 5 (Est imat ion of Control  System Performance-Open Sources) 
documents and ra tes  pub7ished performance data on open source con- 
t r o l s ,  i d e n t i f i e s  the parameters which a f f e c t  con t ro l  performance, 
and compiles performance data f o r  con t ro l  a l t e rna t i ves  appl icable 
t o  each generic source category. 

Chapter 6 (Est imat ion of Control  System Performance--Process 
Sources) documents and ra tes  publ ished performance data on pro- 
cess source cont ro ls ,  i d e n t i f i e s  the parameters which a f f e c t  
con t ro l  performance, and compiles performance data f o r  con t ro l  
a1 te rna t ives  appl icable t o  each generic source category. 

Chapter 7 (Est imat ion o f  Control  Costs and Cost-Effectiveness) 
describes est imat ion procedures f o r  c a p i t a l ,  operating, and 
maintenance costs, and ou t l i nes  the methodology f o r  ca l cu la t i ng  
cost-ef fect iveness o f  cont inuously and p e r i o d i c a l l y  appl ied con- 
t r o l  s. 

0 Chapter 8 (Hypothetical Case Study) presents a f u l l y  worked i n -  
d u s t r i a l  example i l l u s t r a t i n g  the procedural steps f o r  con t ro l  
s t ra tegy development, i nc lud ing  the  cap i ta l ,  operation, and 
maintenance costs o f  representat ive contro ls .  
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0 Appendix A (Estimation o f  A i r  Q u a l i t y  Impact/Improvement) describes 
the mathematical modeling techniques f o r  assessing the a i r  q u a l i t y  
impact o f  spec i f i c  sources and f o r  p r e d i c t i n g  the improvement i n  
a i r  q u a l i t y  r e s u l t i n g  from the implementation o f  s p e c i f i c  cont ro ls .  

Appendix B i s  a glossary o f  terms used i n  t h i s  manual. 

Other than complying w i t h  a i r  p o l l u t i o n  regulat ions,  the  cont ro l  o f  
f u g i t i v e  p a r t i c u l a t e  emissions provides a number o f  tang ib le  benef i t s .  

reduct ion o f  ground-level p a r t i c u l a t e  concentrations w i t h i n  an i n d u s t r i a l  

complex prolongs the l i f e  o f  mechanical equipment and reduces the  advers i ty  

o f  the worker environment, thereby increasing product ion e f f i c i e n c y  and 

product qua l i t y .  F ina l l y ,  the indus t ry  t h a t  con t ro ls  f u g i t i v e  p a r t i c u l a t e  

emissions t h a t  are otherwise v i s i b l e  t o  the pub l i c  i s  perceived p o s i t i v e l y  

by the surrounding community. 

The 
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SECTION 2 
SOURCE IDENTIFICATION . .. 

The f i r s t  step i n  the cont ro l  s t ra tegy development procedure i s  the 

i d e n t i f i c a t i o n  o f  sources t o  be considered as candidates f o r  con t ro l .  This 

sect ion def ines the basic terminology and l i s t s  the common types o f  f u g i t i v e  

p a r t i  cu l  a te  emi s s i  on sources. 

ous types o f  f u g i t i v e  sources and t h e i r  associated cont ro ls  i s  provided i n  
Appendix E!. 

A glossary o f  t e r m s  f u r t h e r  def i n i  ng the v a r i  - 

2.1 DEFINITIONS AND EXAMPLES 

Fug i t i ve  emissions r e f e r  t o  those a i r  po l l u tan ts  t h a t  (a) enter  the a t -  

mosphere wi thout  f i r s t  passing through a stack o r  duct designed t o  d i r e c t  o r  

con t ro l  t h e i r  f l o w ,  o r  (b) leak  from duct ing systems. Sources o f  f u g i t i v e  

p a r t i c u l a t e  emissions may be separated i n t o  two broad categories: process 

sources and open dust sources. 

Process sources o f  f u g i t i v e  emissions are those associated w i t h  indus- 

t r i a l  operations t h a t  a l t e r  the chemical o r  phys ica l  cha rac te r i s t i cs  o f  a 

feed mater ia l .  Examples are emissions from charging and tapping o f  metal- 

l u r g i c a l  furnaces and emissions f r o m  crushing o f  mineral aggregates. Such 

emissions normal ly occur w i t h i n  bu i ld ings  and, unless captured, are d is -  

charged t o  the atmosphere through forced o r  natura l  d r a f t  v e n t i l a t i o n  sys- 

tems. 

atmosphere (e. g. , scrap metal cu t t ing) .  The most s i g n i f i c a n t  i n d u s t r i a l  

process sources o f  f u g i t i v e  p a r t i c u l a t e  emissions are l i s t e d  by indus t ry  i n  

Table 2-1. 

However, a process source o f  f u g i t i v e  emissions can occur i n  the open 

Open dust sources are those t h a t  e n t a i l  generation o f  f u g i t i v e  emissions 

o f  s o l i d  p a r t i c l e s  by the forces o f  wind o r  machinery ac t i ng  on exposed 

mater i  a1 s.  
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TABLE 2-1. CATEGORIES OF PROCESS FUGITIVE SOURCES 

Indust ry  Process source 

I r o n  and S t e e l  Plants 

Ferrous Foundries 

Coal Crushi ng/Screening 
Coke Ovens 
Coke Oven Pushing 
S in te r  Machine Windbox 
S in te r  Machi ne Discharge 
S i n t e r  Coo 1 e r  
B las t  Furnace Charging 
B las t  Furnace Tapping 
Slag Crushing/Screening 
Molten I r o n  Transfer 
BOF Chargi ng/Tappi ng/Leaks 
Open Hearth Chargi ng/Tappi ng/Leaks 
EAF Chargi ng/Tappi ng/Leaks 
Ingot  Pouring 
Continuous Casting 
Scarf i ng 

Furnace Chargi ng/Tappi ng 
Duc t i l e  I r o n  Inoculat ion,  (w/wo tundish 

Pouring o f  Mol ten  Metal 
Casting Shakeout 
Cool i ng/C1 eani ng/Fi n i  s h i  ng o f  Cas ti ngs 
Core Sand and Binder Mix ing 

cover) 

Primary Aluminum Production G r i  ndi  ng/Screeni ng/Mixi ng/ 

Anode Baking 
E l e c t r o l y t i c  Reduction Ce l l  
Ref in ing and Casting 

Roaster Leaks 
Furnace Chargi ng/Tappi ng/ 

Paste Production 

Primary Copper Smelters Roaster Charging 

Leaks 

Primary Copper Smelters S1 ag Tappi ng/Handl i ng 
Converter Chargi ng/Leaks 
B l i s t e r  Copper Tapping/Transfer 
Copper TappingKast ing 
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TABLE 2-1. (continued) 

Indus t ry  Process source 

Primary Lead Smelters Raw Mater ia l  M ix ing /Pe l le t i z ing  
S in te r  Machi ne Leaks 
S in te r  Return Handling 
S in te r  Machine Discharge/Screens 
S in te r  Crushing 
B las t  Furnace Charging/Tapping 
Lead and Slag Pouring 
Slag Cool i ng 
S1 ag Granulator 
Zinc Fuming Furnace Vents 
Dross K e t t l e  
S i l v e r  Retor t  Bu i ld ing  
Lead Casting 

Primary Zinc Production S in te r  Machine Windbox Discharge 
S in te r  Machine Discharge/Screens 
Coke-Sinter. Mixer 
Furnace Tapping 
Zinc Casting 

Secondary A1 umi num Smelters Sweating Furnace 
Smel ti ng Furnace Chargi ng/Tappi ng 
F1 ux i  ng 
Dross Handling and Cooling 

Secondary Lead Smelters Scrap Burning 
Sweating Furnace Chargi ng/Tappi ng 
Reverb Furnace Chargi ng/Tappi ng 
B las t  Furnace Charging/Tappi ng 
P o t  Furnace Charging/Tapping 
Tapping o f  Holding Pot 
Casting 

Secondary i nc Production Sweating Furnace Chargi ng/Tappi ng 
H o t  Metal Transfer 
Me l t ing  Furnace Charging/Tapping 
D i s t i l l a t i o n  Retor t  Charging/Tapping 
D i s t i l  l a t i o n  Furnace Charging/Tapping 
Casting 
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TABLE 2-1. (concluded) 

I ndu s t ry Process source 

Secondary Copper, Brass/ 
Bronze Production 

Ferroa 

Cement 

1 oy Production 

Manufacturing 

Lime Manufacturing 

Rock Products 

Asphalt Concrete P1 ants 

Coal -F i red Power P1 ants 

Grain Storage and Processing 

Wood Products Indust ry  

Mining 

Sweating Furnace Charging/Tapping 
Dryer Chargi ng/Tappi ng 
Mel t ing Furnace Charging 
Casting 

Raw Mater ia ls  Crushing/ 

Furnace Charging 
Furnace Tapping 
Casting 

Limestone/Gypsum Crushing and 
Screening 

Coal Gr inding 

Limestone Crushing/Screeni ng 
Lime Screening/Conveying 

Screening 

61 a s t i  ng 
Primary Crushi ng/Screeni ng 
Secondary Crushing/Screeni ng 
T e r t i a r y  Crushing Screening 

Aggregate Crushi ng/Screeni ng 
Pugmi 11 

Coal Pul v e r i  z i  ng/Screeni ng 

Grai n C1 eani ng 
Grain Drying 

Log Debarki ng/Sawi ng 
Veneer Drying 
Plywood Cut t ing  
Plywood Sanding 

B1 a s t i  ng 
Crushi ng/Screeni ng 
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Open dust sources include industrial  sources of par t iculate  emissions asso- 
ciated w i t h  the open transport ,  storage, and t ransfer  of raw, intermediate, 
and waste aggregate materials and nonindustrial sources such as unpaved 
roads and parking l o t s ,  paved s t r e e t s  and highways, heavy construction 
a c t i v i t i e s ,  and agricultural  t i l l i n g .  Generic categories of open d u s t  
sources are  l i s t e d  i n  Table 2-2. 

TABLE 2-2. GENERIC CATEGORIES OF OPEN DUST SOURCES 

1. Unpaved Travel Surfaces 

0 Roads 
0 Parking l o t s  and staging areas 

Storage p i les  

2. Paved Travel Surfaces 

Streets  and highways 
0 Parking l o t s  and staging areas 

3. Exposed Areas (wind erosion) 

Storage p i l e s  
Bare ground areas 

4. Materials Hand1 i ng 

0 Batch drop (dumping) 
0 Continuous drop (conveyor t ransfer ,  stacking) 
0 P u s h i n g  (dozing, grading, scraping) 

Ti l l ing  

The p a r t i a l l y  enclosed storage and t ransfer  of materials t o  o r  from a 
process operation do n o t  f i t  well into e i ther  o f  the two categories of 
fugi t ive par t iculate  emissions defined above. Examples are  par t ia l ly  en- 
closed conveyor t ransfer  s ta t ions and front-end loaders operating w i t h i n  
buildings. Nonetheless, p a r t i a l l y  enclosed materials handling operations 
will be c l a s s i f i e d  as open sources. 
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2.2 SOURCE CHARACTERISTICS 

Unlike ducted sources of particulate emissions, which typically can be 
characterized as continuously emitting, fugitive emission rates have a high 
degree of temporal variabi 1 ity. 
ticulate emissions are usually associated with batch operations, and emis- 
sions fluctuate widely during the process cycle. Open dust sources within 
industry also exhibit large fluctuations because of the sporadic nature of 
materials handling operations and the effects of precipitation and wind on 
the emissions potenti a1 . 

In addition, fugitive emissions are characteristically diffuse in na- 
ture and are discharged from a wide variety of source configurations. For 
example, vehicles which entrain surface dust from industrial roads are best 
represented as individual moving point sources (or as a line source for 
high traffic density), while process fugitive emissions discharged from 
building vents are usually depicted as area sources or virtual point 
sources. 

Industrial process sources of fugitive par- 

The various types of open dust sources listed in Table 2-2 can be found 
either in an industrial facility or in the public sector. The mechanisms 
of dust formation and thus the type of controls which can be applied in 
either case are essentially the same. However, both the suitability and 
cost-effectiveness associated with a specific control measure can change 
significantly when applied in an industrial setting as compared to the same 
control used for public sector sources. Therefore, the control strategies 
used by public agencies often differ from those employed by industrial con- 
cerns. 

A number of public sector sources are perceived as single sources when 
in actuality they are a series of different dust generating operations con- 
fined to the same locality. Examples of this type of source include con- 
struction and demolition activities, both of which involve dust generation 
by various materials handling operations as well as vehicular traffic. 
Table 2-3 lists the specific sources associated with construction and demo- 
lition activities using the same general notation indicated in Tables 2-1 
and 2-2 above. 
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TABLE 2-3. OPEN DUST SOURCES ASSOCIATED WITH 
CONSTRUCTION AND DEMOLITION 

1. Construct ion S i tes  

Vehicular t r a f f i c  on unpaved surfaces 
Storage p i  1 es 
Mud/dir t  carryout  onto paved t r a v e l  surfaces 
Exposed areas 
Batch drop operations 
Pushing (ear th  moving) 

2. Demol i t ion S i tes  

e Vehicular t r a f f i c  on unpaved surfaces 
e Storage p i l e s  

M u U d i r t  carryout  onto paved t r a v e l  surfaces 
e Exposed areas 

Batch drop operations 
e 
e B las t i ng  

Pushi ng (dozer operat i  on) 

One f i n a l  pub l i c  sector  source worthy o f  note i s  a g r i c u l t u r a l  t i 1 , l i ng .  

T i l l i n g  invo lves those operations associated w i t h  s o i l  preparat ion,  s o i l  

maintenance, and crop harvest ing a c t i v i t i e s .  The emissions from these op- 

e ra t ions  are genera l ly  s i g n i f i c a n t  bu t  are usua l ly  no t  con t ro l l ed  except by 

operat ional  modi f i c a t i  ons. Since add-on cont ro l  s are no t  general l y  appl i- 

cable t o  a g r i c u l t u r a l  t i l l i n g ,  such w i l l  no t  be covered i n  d e t a i l  i n  t h i s  

document. 

2.3 EXAMPLE INDUSTRIAL FACILITY 

To i l l u s t r a t e  the var ious types and c l a s s i f i c a t i o n s  o f  sources found 

i n  i n d u s t r i a l  f a c i l i t i e s ,  Figure 2-1 shows a s i m p l i f i e d  process f low diagram 

f o r  a t y p i c a l  rock crushing p lan t .  This p a r t i c u l a r  example was selected 

since i t  e n t a i l s  both process and open dust sources and has a w e l l  def ined 

process f low. 

has been i d e n t i f i e d  on the  diagram and numbered i n  consecutive order. The 

Each source o f  f u g i t i v e  p a r t i c u l a t e  emissions i n  the f a c i l i t y  
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c l a s s i f i c a t i o n  o f  each source us ing t h e  d e f i n i t i o n s  presented above i s  shown 

i n  Table 2-4. This  i l l u s t r a t i o n  should a s s i s t  t h e  environmental p ro fess iona l  

i n  understanding t h e  nomenclature used i n  subsequent sect ions o f  t h i s  docu- 

ment. Diagrams f o r  o ther  processes can be found i n  t h e  l i t e r a t ~ r e . ~ - ~  

TABLE 2-4. SOURCE IDENTIFICgTION FOR A TYPICAL ROCK 
CRUSHING PLANT 

Sourceb Source 
I D  No. D e s c r i p t i o n  o f  dust  producing opera t ion  c l a s s i f i c a t i o n  

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 

Truck t r a f f i c  on haul road 
Truck dump 
Primary crushing 
M a t e r i a l  t r a n s f e r  t o  conveyor 
M a t e r i a l  t r a n s f e r  t o  screen 
Primary screening 
Secondary crushing 
M a t e r i a l  t r a n s f e r  t o  conveyor 
M a t e r i a l  t r a n s f e r  t o  screen 
Secondary screening 
T e r t i a r y  crushing 
M a t e r i a l  t r a n s f e r  t o  conveyor 
M a t e r i a l  t r a n s f e r  t o  storage p i l e  
Storage p i l e  wind eros ion  
Loadout t o  t r u c k s  
Truck t r a f f i c  l e a v i n g  p l a n t  

Open dust  
Open dust  
Process 
Open dust  
Open dust  
Process 
Process 
Open dust  
Open dust  
Process 
Process 
Open dust  
Open dust  
Open dust  
Open dust  
Open dust  

~~~~ ~ ~~~ 

a See F igure 2-1 f o r  process f low.  

From F igure  2-1. 
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SECTION 3 
PREPARATION FOR AN EMISSIONS INVENTORY - -* .__.._ d ..- . &,.a- e ~ .._"__ __-- - 

Once the f u g i t i v e  p a r t i c u l a t e  emission sources w i t h i n  an i n d u s t r i a l  

f a c i l i t y  o r  an a i r  q u a l i t y  con t ro l  reg ion are i d e n t i f i e d ,  the next step i s  

t o  prepare a de ta i l ed  emissions inventory.  This w i l l  provide c r i t i c a l  

in format ion as t o  the types and loca t ions  o f  sources which account f o r  most 

o f  the e x i s t i n g  f u g i t i v e  p a r t i c u l a t e  emissions. The subsections below 

describe the techniques commonly used f o r  emission inventory development. 
I n  developing an emissions inventory  f o r  a complex i n d u s t r i a l  f a c i l i t y  

o r  an a i r  q u a l i t y  con t ro l  region, the la rge  number o f  i nd i v idua l  sources 

and the d i v e r s i t y  of source types make impract ica l  the f i e l d  measurement o f  

emissions a t  each p o i n t  o f  release. I n  most cases the  only  feas ib le  method 
o f  determining source-by-source emissions i s  t o  estimate the t y p i c a l  emis- 

s ion  r a t e  f o r  each o f  the source type and t o  ad jus t  each estimate f o r  the 

s ize  o r  a c t i v i t y  o f  the source and the l eve l  o f  con t ro l .  
Ca lcu la t ion  o f  the  estimated emission r a t e  f o r  a given source requires 

data on source extent,  uncontro l led emission fac to r ,  and cont ro l  e f f i c i ency .  

The mathematical expression f o r  t h i s  ca l cu la t i on  i s  as fo l lows:  

R = Me (1 - c) (3-1) 

where: 

R = estimated mass emission r a t e  

M = source extent  

e = uncontro l led emission fac to r ,  i . e . ,  mass o f  uncontro l led 
emissions per  u n i t  o f  source extent  

c = f r a c t i o n a l  e f f i c i e n c y  o f  con t ro l  
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The source extent  i s  the appropr iate measure o f  source s ize  o r  l eve l  

o f  a c t i v i t y  which i s  used t o  scale the uncontro l led emission f a c t o r  t o  the 

p a r t i c u l a r  source i n  question. For process sources o f  f u g i t i v e  p a r t i c u l a t e  

emissions, the source extent  i s  the product ion ra te ,  i . e . ,  the mass o f  prod- 

u c t  per  u n i t  time. S im i la r l y ,  the source extent  o f  an open dust source en- 

t a i l i n g  a batch o r  continuous ldrop operat ion i s  the r a t e  o f  mass through- 

put.  

t o  the area o f  the exposed surface which i s  d is turbed by e i t h e r  wind o r  

mechanical forces. I n  the case o f  wind erosion, the source extent  is the 

area o f  e rod ib le  surface. F o r  emissions generated by mechanical disturbance, 

source extent  i s  a lso the area (o r  volume) o f  the mater ia l  from which the 

emissions emanate. For veh ic le  t r a v e l ,  the d is turbed surface area i s  the 

t r a v e l  leng th  times average d a i l y  t r a f f i c  (ADT) count, w i t h  each veh ic le  

having a disturbance width equal t o  the width o f  a t r a v e l  lane. 

Normally, the "uncontrol led" emission f a c t o r  incorporates the e f fec ts  

o f  natura l  m i t i g a t i o n  (e.g., r a i n f a l l ) .  I f  anthropogenic cont ro l  measures 

(e.g., t r e a t i n g  the surface w i t h  a chemical b inder which forms an a r t i f i c i a l  

c rus t )  are appl ied t o  the source, the uncontro l led emission f a c t o r  must be 

reduced t o  r e f l e c t  the r e s u l t i n g  f r a c t i o n a l  cont ro l .  

F o r  o ther  categor ies o f  open dust sources, the  source extent  i s  re la ted  

3 . 1  PUBLISHED EMISSION FACTORS FOR ESTIMATING EMISSIONS 

The document "Compilation o f  A i r  Po l l u tan t  Emission Factors" (AP-42), 

publ ished by the U.S. Environmental Pro tec t ion  Agency (EPA) s ince 1972, i s  

a compi lat ion o f  emission f a c t o r  repor ts  f o r  the most s i g n i f i c a n t  emission 

source categories. Supplements t o  AP-42 have been publ ished f o r  both new 

emission source categor ies and f o r  updating e x i s t i n g  emission source cate- 

gor ies,  as more in format ion about sources and cont ro l  o f  emissions has be- 

come a v a i l  ab1 e. 

Data obtained f r o m  source tes ts ,  mater ia l  balance studies,  and engi- 

neering estimates are used t o  ca lcu la te  the emission fac to rs  i n  AP-42. 

These data are obtained from a v a r i e t y  o f  sources, i nc lud ing  publ ished 

technica l  papers and repor ts ,  documented emission t e s t i n g  resu l t s ,  and per- 

sonal communications. Some data sources prov ide complete d e t a i l s  about 
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their collecting and analyzing procedures, whereas other provide only 
sketchy information in this regard. 

Emission factors for sources of primary particulate emissions have been 
compiled in AP-42. 

trial sources of pollution has focused on emissions from ducted sources, 
only a small portion of these factors apply to either process fugitive par- 
ticulate emissions or open dust sources. In addition, because of the dif- 
ficulty in quantifying the full particle size spectrum of particulate emis- 
sions from fugitive sources, emission factors for these sources frequently 
are poorly defined with regard to particle size. 

However, because the national effort to control indus- 

3.1.1 Types o f  Emission Factors 
The most reliable emission factors are based on field tests of repre- 

sentative sources using a sound test methodology reported in enough detail 
for adequate validation. 
operation, as presented in a test report, is derived simply as the arithmetic 
average of the individual emission factors calculated from each test of that 
source. 
presented. 

valued arithmetic mean, an emission factor may be presented in the form of 
a predictive equation derived by regression analysis of test data. 
dictive emission factor equation mathematically relates emissions to param- 
eters which characterize source conditions. An emission factor equation is 
useful if it is successful in "explaining" much of the observed variance in 
emission factor values on the basis of corresponding variances in specific 
source parameters. 
on a site-specific basis by allowing for correction of the emission factor 
to speci f i c source conditions. 

In practice, the development of emission factor equations has been 
limited to open dust source operations, each defined on the basis of a single 
dust generation mechanism which crosses industry lines. An example would 
be vehicular traffic on unpaved roads. 
generic equation has been developed from test data obtained in different 

Usually the emission factor for a given source 

Frequently the range of individual emission factor values is also 

As an alternative to the presentation of an emission factor as a single- 

The pre- 

This enables more reliable estimates of source emissions 

To establish its applicability, each 
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i ndus t r ies .  

f a c t o r  equations f o r  open dust sources f a l l  i n t o  three categories: 

The cor rec t ion  parameters appearing i n  the p red ic t i ve  emission 

1. Measures o f  sources a c t i v i t y  o r  energy expended ( f o r  example, the  
speed and weight o f  a veh ic le  t r a v e l i n g  on an unpaved road). 

2. Propert ies o f  the mater ia l  being d is turbed ( f o r  example, the content 
of suspendable f i nes  i n  the surface mater ia l  on an unpaved road). 

3. Cl imat ic  parameters ( f o r  example, number o f  p rec ip i t a t i on - f ree  days 
per year on which emissions tend t o  be a t  a maximum). 

3.1.2 Qual i t y  Rating Scheme 

I n  se lec t ing  candidate emission fac to rs  f o r  i nc lus ion  i n  AP-42, the 
p r i n c i p a l  considerat ion centers around the r e l i a b i l i t y  o f  each f a c t o r  being 

considered i n  r e l a t i o n  t o  the r e l i a b i l i t y  fac to rs  cu r ren t l y  reported i n  

AP-42 f o r  the  same source. The emission f a c t o r  r a t i n g  system f o r  AP-42 

emission factors ,  was developed by the U.S. EPA, O f f i c e  o f  A i r  Q u a l i t y  Plan- 

ning and Standards ( A p r i l  1980). This scheme e n t a i l s  the r a t i n g  o f  t e s t  

data q u a l i t y  fo l lowed by the  r a t i n g  o f  the adequacy o f  the  t e s t  data re la -  

t i v e  t o  the charac ter iza t ion  o f  the uncontro l led emissions from the source 

i n  question. 

based on the fo l l ow ing  data standards: 

The r a t i n g  system f o r  a p a r t i c u l a r  emission f a c t o r  t e s t  data se t  i s  

A - Tests performed by a sound methodology and reported i n  enough de- 
t a i l  f o r  adequate va l ida t ion .  These t e s t s  are not  necessar i ly  
EPA reference method tes ts ,  a1 though such reference methods are 
c e r t a i n l y  t o  be used as a guide. 

B - Tests t h a t  are performed by a genera l ly  sound methodology bu t  l ack  
enough d e t a i l  f o r  adequate va l ida t ion .  

l ack  a s i g n i f i c a n t  amount o f  background data. 
C - Tests t h a t  are based on an untested o r  new methodology o r  t h a t  

D - Tests t h a t  are based on a genera l ly  unacceptable method bu t  may 
prov ide an order-of-magnitude value f o r  the  source. 
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An A-rated t e s t  may be a source t e s t ,  a material balance, or some other 
methodology, as long as i t  i s  generally accepted as a sound method of mea- 
s u r i n g  emissions from t h a t  source. 

representing a cross section of the industry are reduced t o  a single value 
for  each individual source by computing the arithmetic mean of each t e s t  
se t .  The emission factor i s  then computed by calculating the arithmetic 
mean of the individual source values. Alternatively, regression analysis 
i s  used t o  derive a predictive emission factor  equation for  the en t i re  
A-rated t e s t  se t .  No B-,  C - ,  o r  D-rated t e s t  se t s  are used i n  the calcula- 
t ion of the emission factor because the number of A-rated t e s t s  i s  suff i -  
cient.  T h i s  ideal method of calculating an emission factor i s  n o t  always 
possible because of lack of A-rated data. 

t e s t s  would improve the emission factor ,  then B-rated t e s t  data are  included 
i n  the compilation of the arithmetic mean. No C- or D-rated t e s t  data are 
averaged w i t h  A- o r  B-rated t e s t  data. The rationale for  inclusion of any 
B-rated t e s t  data i s  documented i n  the background information. 

I f  no A- o r  B-rated t e s t  se r ies  are available,  the emission factor i s  
the arithmetic mean of the C- and D-rated t e s t  data. The C- and D-rated 
t e s t  data are  used only as a l a s t  resor t ,  t o  provide an order-of-magnitude 
value. 

In AP-42, the r e l i a b i l i t y  of these emission factors i s  indicated by an 

In the ideal s i tua t ion ,  a large number of A-rated source t e s t  data se t s  

If  the number o f  A-rated t e s t s  i s  so limited t h a t  inclusion o f  B-rated 

overall Emission Factor Rating ranging from A (excellent) t o  E (poor).  
ratings take i n t o  account the type and amount o f  data from which the factors 
were calculated, as follows: 

These 

0 A - Excellent. Developed only from A-rated t e s t  data taken from 
The many randomly chosen f a c i l i t i e s  i n  the industry population. 

source category is  specif ic  enough t o  minimize var iabi l i ty  w i t h i n  
the source category population. 

B - Above average. Developed only from A-rated t e s t  data from a 
reasonable number of f a c i l i t i e s .  
dent, i t  i s  not c lear  i f  the f a c i l i t i e s  tes ted represent a random 
sample of the industry. 
specif ic  enough t o  minimize var iab i l i ty  w i t h i n  the source category 
population. 

Although no specif ic  bias i s  evi- 

As i n  the A ra t ing,  the source category i s  
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C - Average. Developed o n l y  from A- and B-rated t e s t  data from a 
reasonable number o f  f a c i l i t i e s .  
dent, i t  i s  n o t  c l e a r  i f  t h e  f a c i l i t i e s  t e s t e d  represent  a random 
sample o f  t h e  indus t ry .  
s p e c i f i c  enough t o  minimize v a r i a b i l i t y  w i t h i n  t h e  source category 
popu 1 a t  i on. 

Although no s p e c i f i c  b i a s  i s  e v i -  

As i n  t h e  A r a t i n g ,  the  source category i s  

0 D - Below average. Developed o n l y  from A- and B-rated t e s t  data 
from a small number o f  f a c i l i t i e s ,  and t h e r e  may be reason t o  sus- 
p e c t  t h a t  these f a c i l i t i e s  do n o t  represent  a random sample o f  the  
indus t ry .  
source category populat ion.  
f a c t o r  should be footnoted. 

There a l s o  may be evidence o f  v a r i a b i l i t y  w i t h i n  t h e  
L i m i t a t i o n s  on t h e  use o f  t h e  emission 

0 E - Poor. Developed from C- and D-rated t e s t  data, and t h e r e  may be 
reason t o  suspect t h a t  the  f a c i l i t i e s  t e s t e d  do n o t  represent  a ran- 
dom sample o f  t h e  indus t ry .  
w i t h i n  t h e  source category populat ion.  
these f a c t o r s  are always footnoted. 

There may be evidence o f  v a r i a b i l i t y  
L i m i t a t i o n s  on t h e  use o f  

Because t h e  r a t i n g  o f  an emission f a c t o r  i s  sub jec t ive ,  t h e  reasons f o r  each 

r a t i n g  are documented i n  t h e  background in format ion.  

3.2 SOURCE TESTING METHODS FOR DIRECT EMISSION MEASUREMENT 

Rather than r e l y i n g  on t h e  use o f  publ ished emission f a c t o r s ,  e s p e c i a l l y  

f o r  those sources o f  f u g i t i v e  p a r t i c u l a t e  emissions revealed as t h e  most 
s i g n i f i c a n t  i n  t h e  p r e l i m i n a r y  emissions inventory ,  i t  may be des i rab le  t o  
conduct source t e s t i n g .  This  v e r i f i e s  t h e  r a t e s  o f  u n c o n t r o l l e d  emissions 

from the  most impor tant  sources and es tab l i shes  t h e  r e l a t i v e  importance o f  
each o f  those sources. I n  a d d i t i o n ,  source t e s t i n g  would p rov ide  va luable 

data on t h e  emission c h a r a c t e r i s t i c s  o f  each source, which i n  t u r n  would 

a i d  considerably  i n  s e l e c t i n g  the  most s u i t a b l e  c o n t r o l  method f o r  each 

source. 

This  s e c t i o n  summarizes t h e  methods f o r  f i e l d  measurement of mass 

emission r a t e 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 .  

3.2.1 Mass Emissions Measurement 
F u g i t i v e  p a r t i c u l a t e  emission r a t e s  

are  d i f f i c u l t  t o  q u a n t i f y  because o f  t h e  
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  

d i f f u s e  and v a r i a b l e  nature o f  such 
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sources and the wide range o f  p a r t i c l e  s ize  invo lved ( inc lud ing  p a r t i c l e s  

which deposi t  immediately adjacent t o  the source). Standard source t e s t i n g  

methods, which are designed f o r  app l i ca t i on  t o  conf ined flows under steady- 

s ta te ,  forced- f low condi t ions,  are no t  su i tab le  f o r  measurement o f  f u g i t i v e  

emissions unless the plume can be drawn i n t o  a forced-f low system. 

have been def  i ned: 

For f i e l d  measurement o f  f u g i t i v e  mass emissions, four  basic techniques 

1. 

2. 

3.  

4. 

5. 

The quasi-stack method involves captur ing the  e n t i r e  p a r t i c u l a t e  
emissions stream w i t h  enclosures o r  hoods and apply ing conven- 
t i o n a l  source t e s t i n g  techniques t o  the conf ined flow. 

The roo f  monitor method involves measurement o f  p a r t i c u l a t e  con- 
centrat ions and a i r f l ows  across we l l  def ined b u i l d i n g  openings 
such as roo f  monitors, c e i l i n g  vents, and windows, fo l lowed by 
ca l  cu l  a t i  on o f  p a r t i c u l a t e  mass f 1 ux e x i  ti ng t h e  bu i  1 d i  ng. 

The upwind-downwind method involves measurement o f  upwind and 
downwind p a r t i c u l a t e  concentrations, u t i l i z i n g  ground based sam- 
p l e r s  under known meteorological condi t ions,  fo l lowed by ca lcu la-  
t i o n  o f  source s t rength (mass emission ra te )  w i t h  atmospheric 
d i  spers i  on equations. 

The exposure p r o f  i 1 i ng method involves simultaneous, mu1 ti pol: n t  
measurements o f  p a r t i c u l a t e  concentrat ion and wind speed over the  
e f f e c t i v e  cross-sect ion o f  the plume, fo l lowed by ca l cu la t i on  o f  
ne t  p a r t i c u l a t e  mass f l u x  through in teg ra t i on  o f  the plume pro- 
f i l e s .  

The wind tunnel method involves the use o f  a por tab le  open-floored 
wind tunnel f o r  -- i n  s i t u  measurement o f  emissions from representa- 
t i v e  surfaces under predetermined wind condi t ions.  

Each of these methods w i l l  be discussed below. 

Quasi-Stack Method (Figure 3-1)l 
I n  e f f e c t ,  the quasi-stack method converts a f u g i t i v e  emission source 

t o  a conventional ducted source. Because it i s  usua l ly  impract ica l  t o  en- 

c lose an open dust source o r  capture i t s  e n t i r e  emissions plume, the quasi- 

stack method i s  genera l ly  l i m i t e d  i n  a p p l i c a b i l i t y  t o  process sources. 

The quasi-stack method q u a l i f i e s  as a sound methodology only  i f  ev i -  

dence i s  provided i n  the  t e s t  repo r t  as t o  the  f a c t  t h a t  the enclosure o r  
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Figure 3-1. Illustration o f  quasi-stack methodl 
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hood i s  captur ing the e n t i r e  emissions stream wi thout  a f f e c t i n g  the emission 

ra te .  I n  add i t ion ,  an accepted sampling technique (e.g., Method 5) must be 

used t o  quant i f y  the emission ra te ,  t ak ing  steps t o  deal w i t h  special  prob- 

lems associated w i t h  h igh l y  f l u c t u a t i n g  emissions. 

Roof-Moni t o r  Method (Figure 3-2)2 
The roo f  monitor method i s  s i m i l a r  t o  the quasi-stack method i n  t h a t  

i t  u t i l i z e s  the b u i l d i n g  v e n t i l a t i o n  system t o  d i r e c t  the emissions stream 

t o  the sampling loca t ion .  Usual ly t h i s  method i s  p r a c t i c a l  on ly  f o r  h igh 

temperature processes which produce buoyant plumes. 

and concentrations can be adequately character ized w i t h i n  bu i l d ing  discharge 

openings. Also, it must be shown t h a t  plume in te r fe rence from other sources 
i n  the same b u i l d i n g  i s  no t  occurr ing.  

method, the t e s t  repo r t  must describe how special  problems associated w i t h  

h igh l y  f l u c t u a t i n g  emissions (and, i n  the case o f  natura l  v e n t i l a t i o n ,  

f l uc tua t i ng  ambient winds) were dea l t  wi th .  

The roof-monitor method q u a l i f i e s  as a sound methodology only  i f  f lows 

F ina l l y ,  as w i t h  the quasi-stack 

Upwind/Downwind Method (Figure 3-3)6 
The basic procedure o f  the upwind-downwind method involves the measure- 

ment o f  p a r t i c u l a t e  concentrations both upwind and downwind o f  the p o l l u t a n t  

source. The number o f  requi red upwind sampling instruments depend on the 

i s o l a b i l i t y  o f  the source operat ion o f  concern ( i . e . ,  the absence o f  i n t e r -  

ference from other  sources upwind). Although a t  l e a s t  f i v e  downwind p a r t i -  

cu la te  samplers must be operated dur ing a t e s t ,  increasing the number o f  

downwind instruments improves the r e l i a b i l i t y  i n  determining the emission 

r a t e  by prov id ing  b e t t e r  plume d e f i n i t i o n .  I n  order t o  reasonably def ine 
the plume emanating f r o m  a p o i n t  source, instruments need t o  be located a t  

t w o  downwind distances and three crosswind distances a t  a minimum. The same 

sampling requirements p e r t a i n  t o  l i n e  sources except t h a t  measurements a t  

m u l t i p l e  crosswind distances are no t  required. 

downwi nd concentrations , the net downwind concentrations are i nput t o  

d ispers ion equations (normally o f  the Gaussian type). The dispersion equa- 
t i o n s  are used t o  back-calculate the p a r t i c u l a t e  emission r a t e  requi red t o  

A f t e r  the concentrat ion(s) measured upwind are subtracted f r o m  the 
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Figure 3-2. Illustration o f  r o o f  monitor method2 

Figure 3-3. Illustration o f  upwind-downwind method3 
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generate the  pa t te rn  o f  downwind concentrations. 

parameters must be concurrent ly  recorded f o r  i npu t  t o  t h i s  dispersion equa- 

t i o n .  

A number o f  meteorological 

A t  a minimum the wind d i r e c t i o n  and speed must be recorded on-si te.  

Exposure Prof  i 1 i n g  Method (Figure 3-4)4 

The exposure p r o f i l i n g  method uses the p r o f i l i n g  concept t h a t  i s  the  

bas is  f o r  conventional (ducted) source tes t ing ,  i n  much the same manner as 

do the  quasi-stack method and roo f  monitor methods. The d i f fe rence i s  t h a t  

i n  the case o f  exposure p r o f i l i n g ,  the ambient wind d i r e c t s  the plume t o  

the sampling array.  The passage o f  a i rborne p a r t i c u l a t e  matter immediately 

downwind o f  the source i s  measured d i r e c t l y  by means o f  simultaneous mu l t i -  

po i  n t  sampl i ng o f  p a r t i  cu l  a te  concentrat ion and w i  nd v e l o c i t y  over the 

e f fec t i ve  cross sect ion o f  the f u g i t i v e  emissions plume. For measurement 

of nonbuoyant f u g i t i v e  emissions, p r o f i l i n g  sampling heads are d i s t r i b u t e d  

over a v e r t i c a l  network pos i t ioned j u s t  downwind (usual ly  about 5 m) f rom 

the source. Pa r t i cu la te  sampling heads should be symmetrically d i s t r i b u t e d  

over t h e  concentrated p o r t i o n  o f  the plume conta in ing about 90% o f  the t o t a l  

mass f l u x  (exposure). A v e r t i c a l  l i n e  g r i d  o f  a t  l e a s t  three samplers i s  

s u f f i c i e n t  f o r  measurement o f  emissions from l i n e  o r  moving p o i n t  sources 

wh i le  a two-dimensional ar ray o f  a t  l e a s t  f i v e  samplers i s  requi red f o r  

q u a n t i f i c a t i o n  o f  f i x e d  v i r t u a l  p o i n t  source emissions. A t  l e a s t  one up- 

wind sampler must be operated t o  measure background concentration, and wind 

speed must be measured concurrent ly  on-si te.  

balance ca l cu la t i on  scheme ra the r  than requ i r i ng  i n d i r e c t  ca l cu la t i on  

through the app l i ca t i on  o f  a general ized atmospheric d ispers ion model. 

The mass o f  a i rborne p a r t i c u l a t e  matter emit ted by the source i s  obtained 

by spa t i  a1 i ntegra t ion  o f  d i  s t r i  buted measurements o f  p a r t i c u l a t e  f 1 ux , 
a f t e r  sub t rac t ion  o f  the background cont r ibu t ion .  The exposure i s  the 

p o i n t  Val ue o f  the f 1 ux (concentrat ion o f  a i rborne p a r t i c u l a t e  accumu- 

l a t e d  over the t ime o f  measurement). 

Unl i ke the  upwi nd/downwi nd method, exposure p r o f  i 1 i ng uses a mass- 
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Figure 3-4. Illustration of exposure profiling method4 
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Wind Tunnel Method (Figure 3-5)5 

The wind tunnel  method u t i l i z e s  a por tab le  pu l l - through wind tunnel 
w i th  an open-floored t e s t  sect ion placed d i r e c t l y  over the  surface t o  be 

tested. A i r  i s  drawn through the tunnel a t  con t ro l l ed  ve loc i t i es .  The 

e x i t  a i r  stream from the t e s t  sect ion passes through a c i r c u l a r  duct f i t t e d  

w i t h  a sampling probe a t  the  downstream end. 
by a high-volume sampling t r a i n .  This technique provides f o r  prec ise study 

of the wind erosion process w i t h  minimal interference f r o m  background sources. 

A i r  i s  drawn through the  probe 

3.2.2 P a r t i c l e  S iz ing  
High-volume cascade impactors w i t h  glass f i b e r  impaction substrates, 

which are commonly used t o  measure mass s ize  d i s t r i b u t i o n  o f  atmospheric 

p a r t i c u l a t e ,  may be adapted fo r  s i z i n g  o f  f u g i t i v e  p a r t i c u l a t e  emissions. 

A cyclone preseparator (o r  o ther  device) i s  needed t o  remove coarse p a r t i -  
c les  which otherwise would be subject  t o  p a r t i c l e  bounce w i t h i n  the impactor 

causing f i n e  p a r t i c l e  bias.  Once again, the  sampling in take should be 

pointed i n t o  the wind and the  sampling v e l o c i t y  adjusted t o  the mean loca l  
wind speed by f i t t i n g  the in take  w i t h  a nozzle o f  appropr iate s ize.  

p a r t i c l e  bounce problems, i s  useful f o r  quan t i f i ca t i on  o f  f i n e  p a r t i c l e  mass 

concentrations. This sampler was designed w i t h  a symmetrical s ize-se lect ive 

i n l e t  (having a p a r t i c l e  s ize  cu tpo in t  o f  15 pmA) which i s  i nsens i t i ve  t o  
wind speed o r  d i rec t i on .  However, t h i s  device operates a t  a low f l o w  r a t e  

(1 cu m/hr) y i e l d i n g  only  0.024 mg o f  sample i n  24 h r  f o r  each 1.0 pg/m3 o f  

I P  concentration. Thus, an ana ly t i ca l  balance of high prec is ion  i s  required 
t o  determine mass concentrations below and above the f i n e  p a r t i c u l a t e  (2.5 pm) 

cu tpo in t  ( the minimum i n  the t y p i c a l  bimodal s ize  d i s t r i b u t i o n  of atmospheric 
pa r t i cu la te ) .  

The s ize-se lec t ive  i n l e t  f o r  a standard high-volume sampler i s  a lso 

designed t o  capture p a r t i c u l a t e  matter smal ler  than 15 pmA. This u n i t  i s  
much less  wind sens i t i ve  than the dichotomous sampler bu t  i t  does not  pro- 

v ide  a cu tpo in t  a t  2.5 pm. However, it can be adapted f o r  use w i t h  a h igh 
volume cascade impactor t o  de f ine  a mass s ize  d i s t r i b u t i o n  of p a r t i c l e s  which 

penetrate the  sampler i n l e t .  Recently, s ize-se lect ive i n l e t s  w i t h  10 pmA 

The EPA vers ion o f  the dichotomous sampler, which i s  v i r t u a l l y  f ree  o f  
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cu tpo in ts  have become ava i l ab le  fo r  both dichotomous samplers and high- 

vo l  ume samplers. 

Another p a r t i c l e  s i z i n g  technique gain ing some recent  prominence i s  

microscopy. Microscopes used i n  p a r t i c l e  s i z i n g  inc lude o p t i c a l  o r  l i g h t  

microscopes, t ransmission e lec t ron  microscopes (TEM), and scanning e lec t ron  

microscopes (SEM). Opt ica l  microscopy i s  usefu l  i n  determining p a r t i c l e  
s i ze  f o r  p a r t i c l e s  greater  than about 0.25 pm i n  diameter. E lect ron micro- 

scopes prov ide the  a b i l i t y  t o  s i ze  p a r t i c l e s  greater  than about 0.001 p n  i n  

diameter. 

O f  the  many techniques ava i l ab le  t o  s i ze  p a r t i c l e s  by t h e i r  phys ica l  

dimensions as observed through the  microscope, the  most common approach is 
the  pro jec ted  area technique. 

of a c i r c l e  w i t h  the  same area as the p ro jec ted  area o f  the  p a r t i c l e .  A 

minimum o f  300 p a r t i c l e s  i s  usua l ly  requ i red  i n  order t o  determine a s i ze  

d i s t r i b u t i o n  (w i th  about 9 categories). 

tedious hours t o  perform manually, attempts t o  automate the  process have 

n a t u r a l l y  ar isen. 

microscopy , and computer con t ro l  1 ed scanni ng e lec t ron  microscopy (CCSEM) . 
Both o f  these advances incorporate the  pro jec ted  area approach. 

The p a r t i c l e  s ize  i s  se t  equal t o  the diameter 

Because t h i s  work requi res several 

Examples are the  use automatic image analys is  f o r  o p t i c a l  

3.3 EVALUATION OF CONTROL SYSTEM PERFORMANCE 

As i n  the  case o f  uncont ro l led  emission fac to rs ,  the e f f i c i e n c y  o f  an 

e x i s t i n g  (o r  p o t e n t i a l )  con t ro l  system can e i t h e r  be (a) estab l ished by 

d i r e c t  f i e l d  measurements, o r  (b) estimated based on performance obtained 

from the  l i t e r a t u r e .  However, t h i s  s i t u a t i o n  i s  one step more complex i n  

t h a t  determinat ion o f  con t ro l  performance requi res knowledge o f  both the  

uncontro l led and the c o n t r o l l e d  emission rates.  This subject  w i l l  be ex- 

p lo red  i n  d e t a i l  a t  the  end o f  Chapter 4 which i d e n t i f i e s  the  var ious con- 

t r o l  a1 te rna t i ves  f o r  sources o f  f u g i t i v e  p a r t i c u l a t e  emissions. 
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SECTION 4 
IDENTIFICATION OF CONTROL ALTERNATIVES 

Typi ca l  l y  , there are several opt ions f o r  con t ro l  o f  f u g i t i v e  p a r t i  cu- 
This i s  c lea r  from the mathematical l a t e  emissions from any given source. 

equation used t o  ca lcu la te  the emission rate:  

R = M e  (1- c) 

where: 

R = estimated mass emission r a t e  

M = source extent  

e = uncontro l led emission fac to r ,  i .e . ,  mass o f  uncontro l led 
emissions per u n i t  o f  source e x t e n t .  

c = f r a c t i o n a l  e f f i c i e n c y  o f  con t ro l  

To begin wi th ,  because the uncontro l led emission r a t e  i s  the product o f  the 

source extent  and uncontro l led emission fac to r ,  a reduct ion i n  e i t h e r  o f  

these two v a r i  ab1 es produces a propor t ional  reduct ion i n the uncontrol 1 ed 
emission ra te .  

Although the reduct ion o f  source extent  r e s u l t s  i n  a h igh l y  p red ic tab le  

reduct ion i n  the uncontro l led emission ra te ,  such an approach i n  e f f e c t  

usua l ly  requi res a change i n  the process operation. Frequently, reduct ion 

i n  the  ex ten t  o f  one source may necessi tate the  increase i n  the extent  o f  

another, as i n  the s h i f t i n g  o f  veh ic le  t r a f f i c  from an unpaved road t o  a 

paved road. The op t ion  of reducing source extent  i s  beyond the scope o f  
t h i s  manual and w i l l  no t  be discussed fu r the r .  

The reduct ion i n  the uncontro l led emission fac to r  may be achieved by 

process modi f icat ions ( i n  the case o f  process sources) o r  by adjusted work 
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prac t ices  ( i n  the case of open sources). 

t i o n  o f  the uncontro l led emission f a c t o r  can be estimated from the known 

dependence o f  the fac to r  on source condi t ions t h a t  are subject  t o  a l t e ra -  

t i on .  F o r  open dust sources, t h i s  in format ion i s  embodied i n  the predic-  

t i v e  emission f a c t o r  equations f o r  f u g i t i v e  dust sources as presented i n  

Section 11.2 o f  EPA's "Compilation o f  A i r  Po l l u tan t  Emission Factors" 

(AP-42). 

The reduct ion o f  source extent  and the  incorporat ion o f  process modi- 

f i c a t i o n s  o r  adjusted work p rac t ices  are prevent ive techniques f o r  con t ro l  

o f  f u g i t i v e  p a r t i c u l a t e  emissions. I n  addi t ion,  there are a v a r i e t y  o f  

"add-on" measures which can be used f o r  (a) prevent ion o f  the  c rea t ion  

and/or re1 ease o f  p a r t i c u l a t e  matter i nto the atmosphere, o r  (b) capture 

and removal o f  the p a r t i c l e s  a f t e r  they have become airborne. 

The degree o f  the  poss ib le  reduc- 

Select ion o f  su i tab le  cont ro l  methods depends on the mechanism(s) which 

generate the p a r t i  cu l  a te emi ssions and the speci f i c source involved. The 

methods used t o  con t ro l  process sources o f  f u g i t i v e  p a r t i c u l a t e  emissions 

genera l ly  take a much d i f f e r e n t  approach from those appl ied t o  open dust 

sources. Di f ferences i n  source conf igurat ion,  process requirements, and 

emissions stream charac te r i s t i cs  also a f f e c t  se lec t i on  o f  s p e c i f i c  cont ro ls .  

This sect ion provides the in format ion needed t o  i d e n t i f y  feas ib le  con- 

t r o l  techniques f o r  s p e c i f i c  sources o f  f u g i t i v e  p a r t i c u l a t e  emissions. 

The basic charac ter is t i cs  o f  each type o f  con t ro l  technique are described, 

and the types o f  emission sources amenable t o  cont ro l  by the techniques are 

discussed. Control techniques appl icable t o  the major sources o f  f u g i t i v e  

p a r t i c u l a t e  emissions def ined i n  Section 2 are i d e n t i f i e d .  

The sect ion i s  d iv ided i n t o  four  par ts .  The f i r s t  t w o  pa r t s  describe 

prevent ive and capture/removal con t ro l  techniques, respect ive ly .  The t h i r d  

p a r t  i d e n t i f i e s  the types o f  con t ro ls  appl icable t o  open dust and process 

sources. F ina l l y ,  the fou r th  p a r t  addresses the  scheme used f o r  q u a l i t y  

r a t i n g  o f  con t ro l  performance data. 

4 . 1  PREVENTIVE MEASURES 

Preventive measures inc lude those measures which prevent o r  substan- 

ti a1 l y  reduce the i n j e c t i o n  o f  p a r t i c l e s  i n t o  the surroundi ng a i  r envi ronment. 
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Preventive measures are  independent of whether the par t iculate  is  emitted 
direct ly  i n t o  the ambient a i r ,  o r  into the in te r ior  of a building. 
types of preventive measures include: 

The main 

Passive enclosures ( f u l l  o r  p a r t i a l ) ,  

0 Wet suppression, 

0 Stabi l izat ion of unpaved surfaces, 

0 Paved surface cleaning, 

0 Work pract ices ,  and 

0 Housekeeping. 

Descriptions of control techniques w i t h i n  these f ive categories are  pre- 
sented bel ow. 

4.1.1 Passive Enclosures 
A common preventive technique for  the control of fugi t ive par t iculate  

emissions i s  t o  e i ther  fu l ly  o r  p a r t i a l l y  enclose the source. Enclosures 
preclude o r  i n h i b i t  par t iculate  matter from becoming airborne due t o  the 
disturbance created by ambient winds or by mechanical entrainment result ing 
from the operation of the source i t s e l f .  
emissions which a r e  generated. Enclosures can consist  of e i ther  some type 
of permanent s t ructure  or  a temporary arrangement. The particular type of 
enclosure used is dependent on the individual source character is t ics  and 
the degree of control required. 

Permanent enclosures are designed t o  e i ther  par t ia l  ly  or completely 
enclose the source by the construction of a b u i l d i n g  or other structure.  
Worker safety and housekeeping can become problems i n  the vicini ty  of the 
fugi t ive emission source controlled by a passive (nonevacuated) enclosure. 
Types of sources commonly controlled by to ta l  enclosures include aggregate 
storage ( b i n s  rather than p i les )  and external conveyor transport. 

c lass i fy  generically. Examples o f  temporary enclosures are  f lexible  t a r -  
paulin covers over the hatchways of large ocean-going vessels du r ing  the 
loading of grain,  o r  f lexible  shrouds around truck loading spouts .  

Enclosures also help contain those 

Since temporary enclosures take many forms, they are  d i f f i c u l t  t o  
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A novel v a r i a t i o n  t o  the source enclosure method f o r  the cont ro l  o f  

f u g i t i v e  p a r t i c u l a t e  emissions involves the app l i ca t i on  o f  porous wind 

fences (a lso re fe r red  t o  as wind screens). Porous wind fences have been 

shown t o  s i g n i f i c a n t l y  reduce emissions from ac t i ve  storage p i l e s  and ex- 

posed ground areas. 

shel tered reg ion behind the fencel ine where the mechanical turbulence gen- 

erated by ambient winds i s  s i g n i f i c a n t l y  reduced. The downwind extent  o f  

the protected area i s  many times the phys ica l  he ight  o f  the  fence. This 

shel tered reg ion provides f o r  both a reduct ion i n  the wind erosion po ten t i a l  

o f  the exposed surface i n  add i t i on  t o  a l lowing the g rav i ta t i ona l  s e t t l i n g  o f  

the l a rge r  p a r t i c l e s  already airborne. The app l i ca t i on  o f  wind screens 

along the leading edge o f  ac t i ve  storage p i l e s  seems t o  be one o f  the  f e w  

good cont ro l  opt ions which are ava i lab le  f o r  t h i s  p a r t i c u l a r  source. A d i -  

agram o f  one type o f  por tab le  wind screen used a t  a c o a l - f i r e d  power p l a n t  

i s  shown i n  Figure 4-1.l 

The p r i n c i p l e  employed by wind screens i s  t o  prov ide a 

4.1.2 Wet Suppression 

chemical agent, o r  a micron-sized foam t o  the surface o f  the p a r t i c u l a t e  

generating mater ia l .  This measure prevents o r  suppresses the f i n e  p a r t i c l e s  

contained i n  t h a t  mater ia l  from leav ing the surface and becoming airborne. 

I f  f i n e  water sprays are used t o  con t ro l  dust  a f t e r  i t  has become suspended, 

t h i s  i s  re fe r red  t o  as plume af ter t reatment .  Plume af ter t reatment  (e.g., 

charged fog) i s  not  a prevent ive measure bu t  a capture/removal method as 

discussed below. 

Wet suppression systems apply e i t h e r  water, a water so lu t i on  o f  a 

The chemical agents used i n  wet suppression systems can be e i t h e r  sur- 

factants  o r  foaming agents f o r  mater ia ls  handl ing and processing operations 

(e.g., crushers, conveyors) o r  var ious types o f  dust  p a l l i a t i v e s  appl ied t o  

unpaved roads. I n  e i t h e r  case, the chemical agent acts  t o  agglomerate and 

b ind  the f i nes  t o  the aggregate surface, thus e l im ina t i ng  o r  reducing i t s  

emissions po ten t i a l .  Each major type o f  wet suppression method w i l l  be 

described ind i v idua l l y .  

years on a v a r i e t y  o f  sources such as crushing, screening, and mater ia ls  

Wet suppression systems using p l a i n  water have been u t i l i z e d  f o r  many 
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t r ans fe r  operations, as w e l l  as unpaved roads. For most mechanical equip- 

ment, w e t  suppression involves the use o f  one o r  more water sprays t o  w e t  
the mater ia l  p r i o r  t o  processing. 

i l y  e f fec t i ve ,  requ i r i ng  repeated app l i ca t i on  throlrghout the  process flow. 

An i l l u s t r a t i o n  o f  a wet suppression system used a t  a crusher discharge 

p o i n t  i s  shown i n  Figure 4-2.2 
It should be noted tha t ,  i n  add i t i on  t o  poss ib le  f reez ing  problems i n  

the  winter ,  wet suppression w i t h  p l a i n  water can be used on ly  on those bu lk  

mater ia ls  which can t o l e r a t e  a r e l a t i v e l y  h igh surface moisture content. 

I n  the a r i d  West, w e t  suppression i s  not always p r a c t i c a l  due t o  inadequate 

water suppl ies.  

I n  the case o f  unpaved roads and park ing l o t s ,  water i s  genera l ly  ap- 

p l i e d  t o  the surface by a t r u c k  o r  some other  type o f  veh ic le  u t i l i z i n g  
e i t h e r  a pressur ized o r  a g r a v i t y  f low system. Again, watering o f  unpaved 

roads i s  on ly  a temporary measure, necess i ta t ing repeated appl i c a t i  on a t  

regu la r  in te rva ls .  

tems, wet t ing  agents can be added t o  the water t o  reduce the surface ten- 

sion. The add i t i ves  a l low p a r t i c l e s  t o  more e a s i l y  penetrate the water 

d rop le t  and increase the number o f  droplets ,  thus increas ing the surface 

area and contact  po ten t i a l .  

s ion  techniques i s  the use o f  foam i n j e c t i o n  t o  con t ro l  dust from mater ia ls  

handling and processing operations. The foam i s  generated by adding a pro- 

p r i e t a r y  sur factant  compound t o  a r e l a t i v e l y  small quant i t y  o f  water which i s  

then v igorous ly  mixed t o  produce a small bubble, h igh energy foam i n  the 100- 
t o  200-pm s ize  range. The foam uses very l i t t l e  l i q u i d  volume and, when ap- 

p l i e d  t o  the surface o f  a bu l k  mater ia l ,  wets the f i n e s  more e f f e c t i v e l y  than 

does untreated water. Foam has been used w i th  good success f o r  c o n t r o l l i n g  

the emissions from b e l t  t rans fe r  po ints ,  crushers, and storage p i l e  load- in.  

This technique i s  usua l ly  on ly  temporar- 

To improve the ove ra l l  con t ro l  e f f i c i e n c y  o f  w e t  dust  suppression sys- 

One o f  the more recent ly  developed methods used t o  augment wet suppres- 

4.1.3 Stabi  1 i z a t i o n  o f  Unpaved Surfaces 

by s t a b i l i z a t i o n  o f  those surfaces. Sources which have been con t ro l l ed  i n  

Release o f  p a r t i c u l a t e  f r o m  unpaved surfaces can be reduced o r  prevented 
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Figure 4-2. Wet suppression system a t  a crusher discharge poi  n t 2  
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t h i s  manner inc lude unpaved roads and park ing l o t s ,  ac t i ve  and inac t i ve  

storage p i l e s ,  and open areas. S t a b i l i z i n g  mechanisms which have success- 

f u l l y  employed inc lude chemical, phys ica l ,  and vegetat ive contro ls .  Each 

o f  these cont ro l  types i s  described below. 

The use o f  chemical dust suppressants f o r  the cont ro l  o f  f u g i t i v e  emis- 

sions from unpaved roads has received much a t t e n t i o n  i n  the  pas t  several 

years. Chemical suppressants can be c l a s s i f i e d  i n t o  s i x  generic categories. 

These are: 

t i n g  agents; (d) latexes; (e) p l a s t i c s ;  and (f) petroleum der iva t ives .  

dust con t ro l  by absorbing and r e t a i n i n g  moisture i n  the surface mater ia l .  

Wetting agents enhance the m i t i g a t i v e  e f f e c t s  o f  water ing by lowering the 

surface tension o f  water, thereby causing more r a p i d  penetrat ion i n t o  the 
surface mater ia l .  

t h e t i c  o r i g i n  func t ion  by b ind ing the f i nes  t o  l a rge r  aggregates i n  the 

surface mater ia l .  

(a) s a l t s  ( i .e . ,  CaC1, and MgC1,); (b) l i g n i n  sul fonate;  (c) we t -  

Sa l ts  , which are usual l y  obta i  ned from natura l  b r i ne  deposits , provide 

The remaining dust suppressants o f  both natura l  and syn- 

Chemical dust suppressants are genera l ly  appl ied t o  the road surface 

as a water so lu t i on  o f  the agent. 

func t ion  o f  the app l i ca t i on  i n t e n s i t y ,  d i l u t i o n  r a t i o ,  and frequency (number 

o f  app l i ca t ions /un i t  t i m e )  o f  the  chemical appl ied t o  the surface and a lso 

depends on the type and number o f  vehic les us ing the road. Chemical agents 

have a lso been proven t o  be e f f e c t i v e  as c rus t i ng  agents f o r  i nac t i ve  storage 

p i l e s  and f o r  the s t a b i l i z a t i o n  o f  exposed open areas. I n  both cases, the 

chemical acts as a binder t o  reduce the wind eros ion po ten t i a l  o f  the aggre- 

gate surface. A t y p i c a l  pressur ized spray t r u c k  used f o r  the  app l i ca t i on  o f  

chemical suppressants t o  unpaved surfaces i s  shown i n  Figure 4-3.3 
Physical s t a b i l i z a t i o n  techniques can also  be used f o r  the cont ro l  o f  

f u g i t i v e  emissions from unpaved surfaces. Physical s t a b i l i z a t i o n  includes 

any measure, such as compaction o f  f i l l  mater ia l  a t  const ruct ion and land 

disposal s i t es ,  which phys i ca l l y  reduces the emissions po ten t i a l  o f  a source 

r e s u l t i n g  from e i t h e r  mechanical disturbance o r  wind erosion. 

The most notable f o r m  o f  phys ica l  s t a b i l i z a t i o n  o f  cur ren t  i n t e r e s t  

involves the use o f  c i v i l  engineering fab r i cs  o r  "road carpet" f o r  unpaved 

roads. I n  p rac t ice ,  the road carpet f a b r i c  i s  l a i d  on top  o f  a proper ly  

The degree o f  con t ro l  achieved i s  a d i r e c t  
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Figure 4-3. Pressur ized spray t r u c k  f o r  a p p l i c a t i o n  o f  
chemical dust  suppressants 

prepared road base j u s t  below a l a y e r  o f  coarse aggregate ( b a l l a s t ) .  

f a b r i c  sets  up a phys ica l  b a r r i e r  such t h a t  t h e  f i n e s  (< 75 pm i n  diameter) 

a re  prevented from contaminat ing t h e  b a l l a s t  l a y e r .  These smal ler  p a r t i c l e s  

a re  now no longer  a v a i l a b l e  f o r  resuspension and s a l t a t i o n  r e s u l t i n g  from 

t h e  separat ion o f  t h e  f i n e s  from t h e  b a l l a s t .  

i n  d i s t r i b u t i n g  t h e  concentrated s t ress  from heavy-wheeled t r a f f i c  over a 

wider  area. 

Vegetat ive s t a b i l i z a t i o n  invo lves  the  use o f  var ious species o f  f l o r a  

t o  c o n t r o l  wind eros ion  from exposed surfaces. Vegetat ive techniques can 

be used o n l y  when t h e  m a t e r i a l  t o  be s t a b i l i z e d  i s  i n a c t i v e  and w i l l  remain 

so f o r  an extended p e r i o d  o f  t ime. It i s  o f t e n  d i f f i c u l t  t o  e s t a b l i s h  a 

vegeta t ive  cover over m a t e r i a l s  o ther  than s o i l  because t h e i r  phys ica l  o r  

chemical c h a r a c t e r i s t i c s  a re  n o t  conducive t o  p l a n t  growth. Resis tant  

s t r a i n s  which can t o l e r a t e  t h e  composi t ion o f  t h e  host  m a t e r i a l  sometimes 

must be developed. 

The 

The f a b r i c  i s  a l s o  e f f e c t i v e  
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4.1.4 Paved Surface C1 eani ng 
Other than housekeeping, the  only  method ava i l ab le  t o  reduce the  sur- 

face loading of f i n e  p a r t i c l e s  on paved roads i s  through some form o f  

s t r e e t  c leaning prac t ice .  S t ree t  sweeping does remove some debr is  from 

the  pavement thus prevent ing it from becoming a i rborne by the  ac t i on  of 

passing vehic les ; but  i t  can a1 so generate s i  gni  f i cant amounts o f  f i ner 
p a r t i c u l a t e  by the mechanical ac t i on  used t o  c o l l e c t  the  mater ia l .  

The three major methods of s t r e e t  c leaning are mechanical c leaning, 

vacuum c l  eani ng , and f 1 ushi ng. Mechanical s t r e e t  sweepers u t i  1 i ze 1 arge 
r o t a t i n g  brooms t o  l i f t  the  mater ia l  from the  pavement and discharge i t  i n t o  

a hopper f o r  l a t e r  disposal .  Broom sweepers are usua l ly  e f f e c t i v e  i n  

p i c k i n g  up on ly  r e l a t i v e l y  la rge  debr is ,  w i t h  a s i g n i f i c a n t  p o r t i o n  of the 

surface mater ia l  being suspended i n  the  wake o f  the  vehic le .  

Vacuum sweepers remove the mater ia l  from the s t r e e t  surface by drawing 

a suc t ion  on a pickup head which en t ra ins  the  p a r t i c l e s  i n  the  moving a i r  

stream. The debr is i s  then deposited i n  a hopper, and the  a i r  i s  exhausted 

t o  the  atmosphere. Vacuum u n i t s  a lso  use g u t t e r  brooms t o  loosen and d e f l e c t  

debr is  so t h a t  it can be picked up. They a lso have an add i t iona l  broom which 

loosens the  s t r e e t  d i r t  and pushes i t  toward the  vacuum nozzles where i t  i s  

drawn i n t o  the storage compartment. A f i l t e r  system t raps  the  dust and con- 

f i nes  it t o  the sweeper hopper. 

The regenerat ive sweeper i s  a vacuum u n i t  w i t h  c e r t a i n  s i g n i f i c a n t  

d i f ferences.  Cleaning i s  accomplished by a pickup head w i t h  rubber dust 

cu r ta ins  a t  the  f ron t .  The sweeper has a 9 - f t  c leaning width. A blower 

d i r e c t s  a s t rong b l a s t  o f  a i r  across the  pickup head, and the  suc t ion  from 

the  blower draws the  debr is  i n t o  the  hopper through a dust separator. 

the  a i r  c i r c u l a t e s  cont inuously through the  vacuum sweeper mechanism w i t h  

no a i r  o r  dust exhausted t o  the  atmosphere. 

S t ree t  f 1 ushers hydraul i ca l  l y  remove debr i  s from the  surface t o  the  

g u t t e r  and eventual ly  t o  the  storm sewer system through the  use o f  h igh  

pressure water sprays. Water storage tanks on f lushers  vary i n  capaci ty  

from 800 t o  3,500 gal .  
which can be d i rec ted  e i t h e r  toward the  g u t t e r  o r  i n  a forward d i rec t i on .  

Water emerges from the  nozzles a t  pressures o f  up t o  100 psig.  This  pres- 
sure i s  usua l ly  s u f f i c i e n t  t o  scour most debr is  on the  pavement. Flushers 

Thus, 

Flushers have la rge  nozzles, i n d i v i d u a l l y  con t ro l led ,  
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have numerous operational disadvantages including the consumption of large 
quantities of water with the associated potential for water pollution prob- 
lems. 
sweeper is shown in Figure 4-4.3 

A diagram of both a typical broom sweeper and a regenerative air 

4.1.5 Work Practices (Open Dust Sources) 

from an open dust source by reducing the uncontrolled emission factor. 
practices focus on the operation of equipment used to transport, store, and 
transfer aggregate materi a1 s. The equipment re1 ated correction parameters 
appearing in the AP-42 emission factor equations for open dust sources iden- 
tify the work practice options. In the case of unpaved and paved travel 
surface, emissions can be reduced by decreasing vehicle speed and weight. 
For materials handling operations, emissions can be reduced by decreasing 
drop height and by increasing bucket capacity. 
erosion can be reduced by decreasing the size of the active area of a stor- 
age pile or exposed ground surface. 

Work practices may be used to reduce fugitive particulate emissions 
Work 

Finally, emissions from wind 

4.1.6 Housekeeping 
Housekeeping general ly refers to the removal of exposed dust producing 

materials on a periodic basis to reduce the potential for dust generation 
through the action of wind or machinery. Examples of housekeeping measures 
include: clean-up of spillage on travel surfaces (paved and unpaved); elim- 
i nation of mud/di rt carryout onto paved roads at construction and demo1 i ti on 
sites; and clean-up of material spillage at conveyor transfer points. 

Any such method can be employed depending on the source, its operation, 
and the type of dust-producing material involved. A detailed evaluation is 
necessary on a case-by-case 
can be employed. 

4.2 CAPTURE/REMOVAL METHODS 

The second basic techn 

basis to determine what housekeeping measures 

que for the control of fugitive particulate 
emissions includes those methods which capture or remove the particles af- 
ter they have become airborne. Again, this classification is irrespective 
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Figure 4-4. Diagrams o f  typical street cleaners3 
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o f  whether such emissions a re  generated i n s i d e  o r  ou ts ide  o f  a b u i l d i n g .  

The major types o f  capture/removal processes inc lude:  

0 Capture and c o l l e c t i o n  systems, and 

P1 ume a f t e r t r e a t m e n t .  

The va r ious  methods i n  bo th  ca tegor ies ,a re  descr ibed below. 

4.2.1 Capture and C o l l e c t i o n  Systems 

t r o l l e d  by c a p t u r e / c o l l e c t i o n ,  o r  i n d u s t r i a l  v e n t i l a t i o n  systems. These 

systems have t h r e e  p r imary  components: (a) a hood o r  enclosure t o  capture 

emissions t h a t  escape from t h e  process; (b) a dus t  c o l l e c t o r  t h a t  separates 

e n t r a i n e d  p a r t i c u l a t e  from t h e  captured gas stream; and (c) a d u c t i n g  o r  

v e n t i l a t i o n  system t o  t r a n s p o r t  t h e  gas stream from t h e  hood o r  enclosure 

t o  t h e  a i r  p o l l u t i o n  c o n t r o l  device.  

A wide v a r i e t y  o f  capture mechanisms rang ing  from t o t a l  enclosure o f  

t h e  source, t o  mobi le  h i g h  v e l o c i t y  low volume (HVLV) hoods, t o  t o t a l  ,bu i ld-  

i n g  evacuat ion have been employed. Capture devices ( o r  hoods) g e n e r a l l y  can 

be c l a s s i f i e d  as one o f  t h r e e  types: enclosure,  capture hood, o r  r e c e i v i n g  

hood. 

Enclosures, p a r t i a l  o r  complete, surround t h e  source as much as poss i -  

T h e i r  predominant f e a t u r e  

Most i n d u s t r i a l  process f u g i t i v e  emissions have t r a d i t i o n a l l y  been con- 

Each t ype  i s  i l l u s t r a t e d  i n  F igure 4-5.4 

b l e  w i t h o u t  i n t e r f e r i n g  w i t h  process operat ions.  

i s  t h a t  t hey  p reven t  re lease  o f  p a r t i c u l a t e  t o  t h e  atmosphere o r  working 

environment. The enclosure i s  equipped w i t h  one o r  more t a k e o f f  ducts t o  

remove any p a r t i c u l a t e  t h a t  i s  generated and t o  ma in ta in  a s l i g h t  negat ive 

pressure i n  t h e  enclosure.  Examples o f  enclosures i n c l u d e  enclosed shake- 

o u t  ope ra t i ons  i n  metal foundr ies,  casings on bucket e leva to rs  used f o r  

aggregate m a t e r i a l  t r a n s f e r ,  and b u i l d i n g  evacuat ion f o r  secondary furnace 

c o n t r o l .  

Capture hoods a re  l o c a t e d  i n  such a manner t h a t  t h e  process i s  e x t e r n a l  

t o  t h e  hood. Emissions a re  a c t u a l l y  re leased t o  t h e  atmosphere o r  p l a n t  

environment and subsequently captured by t h e  hood. 

been r e f e r r e d  t o  as e x t e r i o r  hoods by some authors.  

Capture hoods have a l s o  
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The operat ing p r i n c i p l e  of the capture hood i s  based on capture ve loc i t y .  

The cont ro l  system must produce a su f f i c i en t  a i r  v e l o c i t y  a t  the emissions 

source t o  draw the emi t ted p a r t i c l e s  t o  the hood and "capture" the emissions 

stream. Examples o f  capture devices are s ide -d ra f t  hoods t o  capture secon- 

dary e l e c t r i c  arc  furnace emissions, push/pull s ide-dra f t  hoods t o  con t ro l  

metal pour ing emissions, and s ide-dra f t  hoods cont ro l  c leaning and f i n i s h i n g  
emi s s i ons . 

I n  the case o f  rece iv ing  hoods, emissions from the process are a lso 

released t o  the atmosphere o r  p l a n t  environment p r i o r  t o  en ter ing  the hood. 

However, rece iv ing  hoods are designed t o  take advantage o f  the inherent  

momentum o f  some emissions streams. This momentum i s  genera l ly  a r e s u l t  t o  

thermal buoyancy bu t  a lso  may be a r e s u l t  o f  i n e r t i a  generated by the  pro- 

cess (e.g. , a gr ind ing  plume). The system does no t  need t o  generate a 

capture ve loc i t y ,  bu t  i t  should be designed t o  exhaust a s l i g h t l y  greater  
v e l o c i t y  from the  hood than the process de l i vers .  Examples o f  rece iv ing  

hoods inc lude canopy hoods t o  capture secondary furnace emissions, c lose 

capture hoods located above metal pour ing operations, and gr ind ing  wheel 

c lose capture hoods. 

on both the  operat ing and emissions cha rac te r i s t i cs  o f  the source. Factors 

i n f l uenc ing  se lec t i on  inc lude loca t i on  o f  the process w i t h  respect t o  other  

p l a n t  operations, degree o f  process movement ( i f  any), space needed f o r  

worker o r  equipment access t o  the  process, phys ica l  s ize  o f  the operat ion 

o r  process, and momentum o f  the  p a r t i c u l a t e  plume due t o  buoyancy o r  i n e r t i a  

appl ied by the  process. 

Pa r t i cu la te  matter i s  removed from the gas stream i n  capture/co l lect ion 

systems by one o f  f ou r  generic types o f  a i r  p o l l u t i o n  cont ro l  devices: me- 

chanical  c o l l e c t o r s  ( o r  cyclones), wet scrubbers, f a b r i c  f i l t e r s ,  and elec- 

t r o s t a t i c  p r e c i p i t a t o r s  (ESPs). As w i t h  the capture device, se lec t ion  o f  

the  a i r  p o l l u t i o n  cont ro l  device i s  s i t e - s p e c i f i c ,  depending on such fac to rs  

as: degree o f  con t ro l  requ i red  t o  meet regulat ions o r  enhance product re-  

covery; a v a i l a b i l i t y  o f  excess capaci ty  f r o m  an e x i s t i n g  cont ro l  device; 

f e a s i b i l i t y  o f  designing a common device f o r  m u l t i p l e  sources; and various 

cha rac te r i s t i cs  o f  the emissions stream. Some o f  the more important 

The se lec t i on  o f  a su i tab le  capture device i s  s i t e - s p e c i f i c  and depends 
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emissions characteristics are particle size distribution, particle resis- 
tivity, gas temperature, corrosivity, and chemical composition. 

ventilation system is the ductwork or transport system. The transport sys- 
tem must be designed to maintain adequate transport velocities in the ducts 
and be balanced with respect to pressure drop. 
of malfunctions of capture/col lection systems are plugging of the ductwork 
because of inadequate transport velocities and unbalanced ventilation systems 
(from either poor design or improper operation) resulting in inadequate cap- 
ture velocities or exhaust volumes at some processes. 

use of air curtains or jets. 
trial processes which generate a buoyant plume to help isolate it and 
enhance capture by the emissions control system. One such system is a 
so-called "push/pull" arrangement. In such an arrangement, an air curtain 
consisting of a series of jets is used to contain and direct the plume 
toward some type o f  capture device. One such system is shown in Figure 4-6 
for a copper converter. 

The simplest, and most often neglected, component of the industrial 

Two of the most common causes 

A variation o f  the traditional capture/collection concept involves the 
Air curtains are usually used in those indus- 

4.2.2 Plume Aftertreatment 
Plume aftertreatment refers to any system which injects fine water 

droplets into a dust plume to capture and agglomerate the suspended particles 
(by impaction and/or electrostatic attraction) to enhance gravitational 
settling. 
the addition of a chemical surfactant as well as with or without the applica- 
tion of an electrostatic charge (charged fog). 

Aftertreatment systems using plain water consist of one or more hydrau- 
lic (pressure) or pneumatic (two-fluid) nozzles which create a spray of fine 
water droplets. When sprayed into the dust plume, these droplets capture 
and settle the suspended dust particles. 
sively for the control of  respirable dust in underground mining and similar 
operations conducted above ground. 

Plume aftertreatment systems can use water sprays with or without 

This technique has been used exten- 
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t 

Figure 4-6. Converter air curtain control system5 

In the past several years, a novel means involving the use of electro- 
statics has been developed to augment traditional water sprays for plume 
aftertreatment. Most anthropogeni cal ly produced particles normal ly acquire 
a slight electrostatic charge. By injecting a fog of oppositely charged 
water droplets into the plume, a significant enhancement in the capture and 
removal process can be achieved. 

two means. Induction charging applies an electrostatic charge to the drop- 
lets by passing the spray through a ring which is isolated at a high voltage. 
The alternative is to charge the water prior to atomization by direct con- 
tact. Of the two methods, contact charging has proven to be much more ef- 
fective in achieving a higher charge-to-mass ratio. Under heavy spray 
conditions, induction charging tends to charge only those droplets on the 
outside o f  the spray cone. Diagrams o f  electrostatic foggers using both 
induction and contact charging are shown in Figure 4-7.6 

An electrostatic charge can be applied to a water spray by either of 
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Figure 4-7. Electrostatic foggers6 
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4.3 APPLICABILITY OF CONTROLS TO FUGITIVE EMISSIONS SOURCES 

Open dust sources are generally control led by preventive techniques 
rather than capture/removal techniques. 
sive enclosures, wet suppression, stabilization, and surface cleaning. 
Table 4-1 identifies the types of control measures applicable to each of 
the generic open dust source categories identified in Section 2. 

Process fugitive sources can be controlled by either preventive or 
capture/removal measures. Principal control measures include wet suppres- 
sion, capture/collection systems, and plume aftertreatment. Table 4-2 

identifies the types of control applicable to process fugitive emissions 
sources. 

Typical measures used include pas- 

4.4 RATING OF PERFORMANCE DATA 

In evaluating the quality of performance data, the first step is to 
locate the original source of the control efficiency value, whether it is 
based on test data or simply estimation. This may require several steps 
because of the practice of referencing a more recent (and presumably more 
credible) document rather than the original source of the value. If the 
value appears in a symposium paper, it is likely that there exists a more 
comprehensive companion report which provides a more complete basis for the 
qual i ty evaluation. 

The scheme used in this document for quality rating of control effi- 
ciency values is similar to the A through E rating model developed by EPA 
f o r  AP-42 emission factors. The scheme entails the rating of test data 
quality followed by the rating of the adequacy of the data relative to the 
characterization of uncontrolled and controlled emissions. 

To be assigned an A quality rating, a control efficiency value must be 
based on mass emission tests performed by a sound methodology and reported 
i n  enough detail for adequate validation. In addition, enough tests must 
be performed at appropriate sampling points to quantify the average uncon- 
trolled and controlled mass emission rates for the specific source/control 
combination in question. Finally, values for the parameters needed to 
characterize the source operation and the control system must be reported. 
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A t  the other extreme, a contro l  e f f i c i e n c y  value based only  on est imat ion 

i s  assigned an E ra t ing .  

o f  f u g i t i v e  emissions, the con t ro l l ed  emissions are made o f :  

t i o n  o f  the uncontro l led emissions which are no t  captured, p lus  (b) t h a t  

p o r t i o n  o f  the uncontro l led emissions which are captured b u t  no t  co l lected.  
This i s  i l l u s t r a t e d  i n  Figure 4-8 f o r  a canopy hood. Frequently t e s t i n g  i s  

performed a t  the i n l e t  and o u t l e t  o f  the  c o l l e c t i o n  device, bu t  the data 

are i n s u f f i c i e n t  t o  determine the ove ra l l  con t ro l  e f f i c i ency .  

With regard t o  su f f i c iency  i n  the number o f  t e s t s  requi red t o  r e l i a b l y  

quant i f y  the average emission r a t e  (cont ro l led  o r  uncontrol led) a t  a sampl- 

i n g  locat ion,  t h i s  depends on the v a r i a b i l i t y  o f  the emission ra te .  Tradi-  

t i o n a l l y ,  three tes ts  o f  a process source represent the minimum requirement 

f o r  r e l i a b l e  quant i f i ca t ion .  

F o r  prevent ive cont ro l  measures and plume af ter t reatment ,  e i t h e r  o f  

t w o  study designs may be used t o  determine the cont ro l  e f f i c i ency .  

design enta i  1 s the measurement o f  source emi s s i  ons w i t h  and wi thout  the 

app l ica t ion  o f  con t ro l .  I n  a Type 2 design, emissions from i d e n t i c a l  sources 

are measured, one w i t h  cont ro l  and other  wi thout  cont ro l .  It must be shown 

t h a t  the two sources are i den t i ca l  i n  terms o f  t h e i r  uncontro l led emissions. 

The question o f  the representativeness o f  the source operat ion and con- 
t r o l  system being tested i s  germane only  if a widely appl icable cont ro l  e f -  

f i c i ency  value i s  being sought. I n  such a case, the value should be based 

on tes ts  o f  several source/control f a c i l i t i e s  o f  the same type which t y p i f y  
a p a r t i  cu l  a r  i ndustry. However , unless the v a r i  ab i  1 i t y  o f  the determi ned 

cont ro l  e f f i c i e n c y  values f rom one f a c i l i t y  t o  another i s  small, i t  i s  pre- 

fe rab le  t o  l i s t  each value separately w i t h  the corresponding source/control 

parameters. This procedure opens the p o s s i b i l i t y  o f  developing a s t a t i s t i -  

ca l  performance model which mathematically re la tes  the observed variance i n  

cont ro l  e f f i c i ency  t o  the variances i n  the source/control parameters. 

I n  Chapters 5 and 6, the fo l l ow ing  protocol  i s  used f o r  present ing 

published cont ro l  e f f i c i e n c y  values ( i n  tabu la r  form): 

I n  the case o f  a capture/co l lect ion system appl ied t o  a process source 
(a) t h a t  por- 

A Type 1 
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I 

Collected 

Uncontrolled 

Source 

x 100 fill - (fi ls + 6 4 )  

fill 
Control Efficiency (%) = 

where rhl = r h p  + rh4 

Figure 4-8. Emissions quantification requirements for performance 
evaluation of capture/collection system 
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1. For a given source and cont ro l  system combination, each cont ro l  
e f f i c i e n c y  value i s  presented w i t h  a r e l i a b i l i t y  r a t i n g  (A through 
E) based on the degree t o  which the  value was determined from a 
sound, adequately documented t e s t i n g  program. 

2 . To proper ly  def ine the  representativeness (appl i c a b i  1 i ty) of a 
cont ro l  e f f i c i e n c y  value, the d i s t i ngu ish ing  source emission and 
cont ro l  system parameters are spec i f ied  w i t h  the e f f i c i e n c y  value. 
The reader i s  cautioned t h a t  the r e l i a b i l i t y  r a t i n g  must be re-  
duced i f  the cont ro l  e f f i c i ency  value i s  appl ied t o  a source/con- 
t r o l  combination i n  the same category bu t  w i t h  one o r  more param- 
eters  which d i f f e r  s i g n i f i c a n t l y  from those speci f ied.  More than 
one cont ro l  e f f i c i e n c y  value are presented f o r  the same generic 
source/control combination , i f  the spec i f ied  source/control param- 
eters  are not equivalent f o r  the ava i lab le  e f f i c i e n c y  values. 

3. Each contro l  e f f i c i e n c y  value i s  referenced t o  the o r i g i n a l  source 
o f  t e s t  data o r  ra t i ona le  f o r  an estimate. This approach e l i m i -  
nates the confusion which r e s u l t s  f rom referenc ing more recent 
documents t h a t  may (o r  may not) reference the o r i g i n a l  source o f  
the cont ro l  e f f i c i e n c y  value. As a general r u l e ,  values which 
cannot be t raced t o  an o r i g i n a l  reference documents t h a t  are 
accessible t o  the pub l ic ,  are no t  l i s t e d .  
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A SECTION 5 
.' i ESTIMATION OF,CONTROL SYSTEM PERFORMANCE 

The performance capability of an open dust source control system depends 
on a variety of parameters related to (a) properties of the emitting mate- 
rial , (b) characteristics of the equipment involved in the source operation, 
(c) climatic factors, and (d) the "intensity" of control application. Fur- 
thermore, because of site-to-site differences in most of these parameters, 
the performance of a given control system can be expected to vary signifi- 
cantly from one application to another. 
efficiency data presented in this section for control performance assess- 
ment, care must be taken to document the source and control parameters tied 
to each control efficiency data set. 

Therefore, in utilizing the control 

The alternative approaches available for the control of open dust 
sources i ncl ude: 

1. Stabilization of Unpaved Travel Surfaces 

0 Wet suppression 
0 Chemical stabilization 
0 Physical stabilization 

Paving 

2. Improvement of Paved Travel Surfaces 

Surface cleaning 
0 Resurfacing 
0 Reduction of track-on 

3. Stabilization of Piles/Exposed Areas 

0 Wet suppression 
Chemical stabilization 

0 Physical stabilization 
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4. Enclosure of Piles/Exposed Areas or Materials Handling 

0 

Active enclosures 
Passive enclosures (including wind fences) 

5. Wet Suppression for Materials Handling 

6. P1 ume Aftertreatment for Material s Hand1 i ng 

0 Fine water sprays 
Charged fog 

The first three of these categories and passive enclosures are preventive 
measures, whereas active enclosures and pl ume aftertreatment are capture/ 
removal methods. 

control application. Familiar examples are the watering of unpaved travel 
surfaces and the cleaning of paved travel surfaces. The resultant control 
efficiency follows a cyclic pattern, decaying in time from the highest value 
immediately after application. 
control techniques, ranging from hours to months, it is essential to relate 
an average efficiency value to a frequency of application. For measures of 
extended durability such as paving, the application program required to sus- 
tain control effectiveness should be indicated. One likely pitfall to be 
avoided is the use of field data collected soon after control measure appli- 
cation to represent the average control efficiency over the lifetime of the 
measure. 

value of control efficiency is the time average, given by: 

Most of the preventive measures involve periodic rather than continuous 

Because of the finite durability of these 

For a periodically applied control measure, the most representative 

T 
C(T) = ,J c(t) dt 

where: 

C(T) = average control efficiency during period of T days between 
appl i cati on (percent) 

c(t) = instantaneous control efficiency at t days after application 
(percent), where t 5 T 
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i 
It must be emphasized t h a t  the  r a t e  o f  con t ro l  e f f i c i e n c y  decay i s  heav i l y  
dependent upon the  source and cont ro l  var iab les discussed i n  the fo l l ow ing  
sections. 

1 

5.1 S T A B I L I Z A T I O N  OF UNPAVED TRAVEL SURFACES 

5.1.1 Design Considerations 

a f fec ted  by four  categor ies o f  var iables:  (a) con t ro l  app l i ca t ion  param- 

eters;  (b) veh ic le  charac ter is t i cs ;  (c) p roper t ies  o f  the  surface t o  be 
treated; and (d) c l i m a t i c  factors .  Each o f  these categor ies w i l l  be d is-  
cussed i n  the fo l l ow ing  paragraphs. 

The cont ro l  app l i ca t i on  parameters a f f e c t i n g  cont ro l  performance o f  
chemical dust  suppressants are: (a) app l i ca t i on  i n tens i t y ;  (b) app l i ca t i on  
frequency; (c) d i l u t i o n  r a t i o ;  and (d) app l i ca t i on  procedure. App l ica t ion  

i n t e n s i t y  i s  the  volume o f  d i l u t e d  so lu t i on  placed on the surface per  u n i t  
area o f  surface (e.g., L/m2 o r  gal/ydZ). The higher the i n t e n s i t y ,  the 
higher the an t i c ipa ted  cont ro l  e f f i c i ency .  However, t h i s  re la t i onsh ip  
appl ies on ly  t o  a po in t ,  because too intense an app l i ca t i on  w i l l  begin t o  
run o f f  the surface. The p o i n t  where runo f f  occurs depends on the slope 
and po ros i t y  o f  the surface. 
cat ions per  u n i t  o f  time. The d i l u t i o n  r a t i o  i s  the volume o f  chemical 
concentrate d iv ided by the  volume o f  water (e.g. , 1:7 d i l u t i o n  r a t i o  = 1 
p a r t  chemical t o  7 p a r t s  water). 

The decay i n  cont ro l  e f f i c i e n c y  o f  a chemical dust  suppressant occurs 

l a r g e l y  because vehic les t r a v e l i n g  over the road surface impart energy t o  
the t rea ted  surface which breaks the adhesive bonds t h a t  keep f i n e  p a r t i c l e s  

on the surface from becoming airborne. Figure 5 - 1  i s  a general p l o t  por- 
t r a y i n g  the  change i n  r a t e  o f  decay o f  the  instantaneous cont ro l  e f f i c i e n c y  
f o r  a chemical suppressant appl ied t o  an unpaved road as a func t ion  o f  ve- 

h i c l e  speed, weight, and t r a f f i c  ra te.  
weight and speed serves t o  accelerate the decay i n  e f f i c i e n c y  f o r  chemical 
treatment o f  unpaved roads. 

face c r u s t  w i l l  adversely a f f e c t  the cont ro l  e f f i c i ency .  

Control e f f i c i e n c y  values f o r  unpaved road dust con t ro ls  can be 

App l ica t ion  frequency i s  the number of app l i -  

As ind icated,  an increase i n  veh ic le  

Any surface cha rac te r i s t i cs  which cont r ibu te  t o  the breaking o f  a sur- 
For example, the 
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Figure 5-1. Effect of vehicle speed, weight, and t r a f f i c  
ra te  on control performance 

structural  character is t ics  of an unpaved road af fec t  the performance of 
chemical control s. These character is t ics  are: (a) combi ned subgrade and 
base bearing strength,  as measured by the California Bearing Ratio (CBR); 
(b)  amount of f ine material ( s i l t  and clay) on the surface of the road; and 
(c) the f r i a b i l i t y  of the road surface material. Low bearing strength 
causes the road t o  f lex  and rut i n  spots w i t h  the passage of heavy trucks; 
th i s  destroys the compacted surface enhanced by the chemical treatment. A 
minimum amount of f ine material i n  the wearing surface is  needed t o  provide 
the chemical b inder  w i t h  the par t ic le  surface area necessary f o r  effect ive 
in te rpar t ic le  bonding. Finally, the larger par t ic les  of a f r i a b l e  wearing 
surface material simply break up under the weight of the vehicles and cover 
the treated road w i t h  a layer of untreated dust .  
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For the most pa r t ,  adverse weather, accelerates the decay o f  con t ro l  

For example, freeze-thaw cycles break up the c rus t  formed by performance. 

chemical b ind ing agents; heavy p r e c i p i t a t i o n  washes away water-soluble 

chemical treatments l i k e  l i g n i n  sulfonates; and intense so la r  r a d i a t i o n  d r ies  

out watered surfaces. 

the e f f i c i e n c y  o f  water extenders and hygroscopic chemical s 1 i ke ca l  c i  um 
chlor ide.  

On the other  hand, l i g h t  p r e c i p i t a t i o n  might improve 

5.1.2 Performance Data 

The cont ro l  o f  dust  emissions from unpaved roads has received the widest 

a t t e n t i o n  i n  the l i t e r a t u r e  (see Table 5-1). 

downwind sampling have been used t o  measure cont ro l  e f f i c i e n c i e s  f o r  water ing 

Exposure p r o f i l i n g  and upwind/ 

TABLE 5-1. CLASSIFICATION OF TESTED ROAD DUST SUPPRESSANTS 

Dust 
suppressant Trade Number o f  v a l i d  Reference 

c a t  e gory name con t ro l l ed  t e s t s  numbers 

Petroleum-based P e t r o  Tac 
Coherex 
Arcote 220 
Arc0 2200 
Arc0 2400 

Lignosulfonates Lignosi  t e  
Trex 
Flambinder 

Sa l ts  P e l  adow 
Liquidow 
Dustgard 
O i l  Well Br ine 

Polymer S o i l  Sement 

Sur factant  B i  ocat 

8 
124, 

4 
20 
9 1  

73 

3a 4 + 2 8  

1 
34 
11 (17)b 
4 

24 

3 

1-3 , 
1- 6 
4 
8 
7 

7 
10 
4 

8 

8 

a Arcote 22O/Flambinder mixture. 

Numbers w i thout  parentheses represent TSP and numbers i n  
parentheses represent resp i rab le  pa r t i cu la te .  
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and f o r  a range o f  chemicals which b ind  the surface mater ia l  o r  increase 
i t s  capaci ty f o r  moisture retent ion.  Tables 5-2 and 5-3 summarize the mea- 

sured performance data f o r  chemical dust  suppressants. 
The observed cont ro l  e f f i c iency  decay funct ions f o r  several dust  sup- 

pressants, are shown i n  Figures 5-2 t o  5-9. These funct ions are proper ly  

expressed i n  terms o f  veh ic le  passes ra ther  than t ime because veh ic le  t r a f -  
f i c  i s  the primary cause o f  the loss o f  con t ro l  ef fect iveness. The cont ro l  

e f f i c i e n c y  decay funct ions can be used t o  der ive the c r i t i c a l  re la t i onsh ips  
between average cont ro l  e f f i c i e n c y  and app l ica t ion  frequency. Assuming, as 
a f i r s t  approximation, t h a t  con t ro l  e f f i c i e n c y  decays l i n e a r l y  from an 
i n i t i a l  value o f  loo%, the average cont ro l  e f f i c i e n c y  f o r  a given frequency 
of app l i ca t ion  i s  the mean o f  100% and the value a t  the end o f  the  decay 
cycle.  

The q u a l i t y  r a t i n g  o f  con t ro l  performance data f o r  a p e r i o d i c a l l y  ap- 
p l i e d  cont ro l  measure must address the r e l i a b i l i t y  o f  the average cont ro l  

e f f i c i e n c y  f o r  the p a r t i c u l a r  app l i ca t ion  frequency tested. Obviously, a 

spread i n  the measured values o f  instantaneous cont ro l  e f f i c i e n c y  i s  ex- 
pected, as the e f f i c i e n c y  decays. Rather the q u a l i t y  r a t i n g  must be based 
on how w e l l  the instantaneous values f i t  a decay funct ion.  A t  the t ime o f  
t h i s  w r i t i n g ,  mathematically der ived decay funct ions were ava i lab le  f o r  
on ly  a f e w  o f  the  cont ro l  measures. Therefore, no q u a l i t y  ra t i ngs  were 

assigned t o  the cont ro l  e f f i c i ency  data presented. 
Most o f  the studies i d e n t i f i e d  i n  Tables 5-2 and 5-3 were performed on 

roads i n  i r o n  and s tee l  p lan ts  o r  surface coal mines, using both Type 1 and 
Type 2 study designs (as def ined i n  Section 4.4). 
the dust suppressants, app l i ca t i on  parameters and t r a f f i c  condi t ions from 

one study s i t e  t o  another, there i s  l i t t l e  overlap i n  the  a p p l i c a b i l i t y  o f  
the pub1 i shed cont ro l  e f f i c i e n c y  Val ues. 

Because o f  d i f ferences i n  

I n  most o f  the extended t e s t s  o f  con t ro l  performance, e f f i c i e n c y  values 
were found t o  decay w i t h  veh ic le  passes (and time) a f t e r  appl icat ion.  I n  
Figures 5-2 through 5-4, the b e s t - f i t  l i n e a r  decay funct ions determined by 
least-squares analysis are shown. I n  Figures 5-5 through 5-9, the  data 
po in ts  are connected by l i n e  segments. 
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Petro-Tac@ 

Rating A 

Application Intensity 32 l /n? 
Dilution Ratio [ Avg. Veh. Woight 1 
Avg. No. of Whwls 
Avg. AD1 

m 
O O  10 2 0 3 0 4 0 5 0  

Vehicle Passes after Application 
( 1 OOO'S) 

t 

0 10 20 30 40 50 

Vehicle Passes after Aoocication 
(loo0'S) 

Figure 5-2. Control e f f i c i e n c y  decay f o r  an i n i t i a l  appl icat ion 
o f  Petro T a ~ @ l - ~  
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Coherex@ 

Rating 6 

Application Intensity 3.8 l/d 
Dilution Ratio 20% 
Avg. Veh. Weight 34 Mg 
Avg. No. Of Wheels 6.2 
Avg. AD1 95 

0 

loor 0 1 

40 I: 20 
0 1 2 3 4 5 

(1 Ooo's) 

0 

Vehicle Passes after Application 

I 0 

i LFP 
0 1 2 3 4 5 

(1 0009s) 

Vehicle Passes after Application 

Figure 5-3. Control efficiency decay for an initial application 
of  cohere^@"^ 
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Coherex@ 

Ratlng c 
Apolication Intensity 4.5 b d  
~iiutron mi0  
Avg. Veh. WeigM 39 Mg 
Avg. No. of Whe8ls 6.0 

1:7 gal. ch.m.:gal. Hfl 

Avg. AD1 94 
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Figure 5-4. Control efficiency decay for a reapplication 
of C~herexOl-~ 
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Figure 5-5. TSP control e f f ic iency  decay f o r  l ight-duty 
t r a f f i c  on unpaved roads4 
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LiquiDow@ 
wlu 1 2 3 -- ......... 

~ppl~catlon Intensity (gal. a./ydz) 
Dilution Ratlo (gal. thrm.:prl. Hfl) 
Avg. Voh. Woight (tom) 
Avg. No. d WhWr 
Retina 

Topical 
Application 

I I 1 
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0 

Vehicle Passas after ApO(icatl0n 
( 1 OOO'S) 

Mixed 
Application 

I I I 
0 5 10 15 20 25 30 

Vehicle Passes after ApOlicatlon 
(1OOO'S) 

Figure 5-6. Decay o f  control efficiency for LiquiDom 
applied to haul roads* 
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Soil Semenf I Biocat-Enzyme@ 
Nlm 2 - 3 . . . . . . . . . 

~po~~cation lntonsity (91. r~(./y& 

Avg. Veh. Wo@t (tons) 
Avg. No. of Wh.sls 
Rating 

1 S3.0 
Dllutlon RlUo (gal. chOm.:gal. H$) l a 3  1 :6.4 1:2O.o00 
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E P 
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a z 
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Twical I 

Vehicle Passes after Application 
(1000's) 

Mixed 
Application 
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Appiication 

0 5 10 15 20 25 
Vohicle Ppssss after Application 

(1OOo'S) 

Figure 5-7. Decay o f  control efficiency for Soil Semen- 
and Biocat-Enzyme applied t o  haul roads* 
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Figure 5-8. Decay of control efficiency for Flambindem 
applied t o  haul roadss 
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Figure 5-9. Decay of control efficiency for Arc0 22OW 
applied to haul roads8 
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Apparent increases i n  con t ro l  e f f i c i e n c y  w i th  veh ic le  passes were ob- 
served i n  several t e s t  ser ies from Reference 8. This anomalous behavior 

i s  thought t o  be the  r e s u l t  o f  moisture e f f e c t s  on the uncontro l led emission 

ra te ,  which was measured simultaneously w i t h  each con t ro l l ed  emission rate.  

I n  o ther  words the  e f f i c i e n c y  values were no t  always referenced t o  a dry 

uncontro l led emission rate.  

An empir ica l  model f o r  the  performance o f  a water ing as a cont ro l  

technique has been developed. l l  The support ing data base consis ts  of 
14 t e s t s  performed i n  fou r  s ta tes dur ing f i v e  d i f f e r e n t  summer and f a l l  

The model i s :  

0.8 p d t 
i c = 100 - 

where : 

(5-2) 

C = average cont ro l  e f f i c i e n c y  (percent) 

P = p o t e n t i a l  average hour ly  daytime evaporation r a t e  (mm/hr) 

d = average hour ly  daytime t r a f f i c  r a t e  (hr- l )  

i = app l i ca t i on  i n t e n s i t y  (L/m2) 

t = t ime between app l ica t ions  (hr )  

The data t o  support t h i s  emp i r i ca l l y  based mathematical model are shown i n  
Table 5-4. No s i g n i f i c a n t  d i f f e rence  i n  the average cont ro l  e f f i c i e n c y  o f  

TABLE 5-4. FIELD DATA ON WATERING CONTROL EFFICIENCY1-3 

Avg. time Avg. Avg. Avg . 
No. o f  intens. applic.  r a t e  evap. e f f .  

Location tes ts  Month ( L/mz ) (hr) (hr-l) (nm/hr) (XI 

Applic. between t r a f .  poten. contrgl 

N. Dakota 4 October 0 . 2  1.8 40 0.084 59 

New Mexico 5 July/Aug. 0 .2 2.0 23 0.23 69 
Ohio 3 November 0.6 4.5 98 0.042 77 
Missouri 2 September 1 .9  2 .8  72 0.26 88 

No s ign i f icant  di f ference i n  control eff iciency as a function o f  p a r t i c l e  
size was observed. 
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water ing as a func t ion  o f  p a r t i c l e  s ize  has been establ ished t o  date. As 

w i t h  a l l  empir ical  models, Eq. 5-2 should no t  be appl ied beyond the  ranges 

o f  independent var iab le  values tested. 

The cont ro l  e f f i c i e n c i e s  af forded by paving o f  unpaved road segments 
can be estimated by comparing the AP-42 emission fac to rs  f o r  the  unpaved 

and paved road condi t ions.  

requires an estimated s i l t  loading on the paved surface. An urban s t r e e t  
dust loading model1* can be used t o  estimate s i l t  loadings as a func t ion  o f  

t r a f f i c  volume. The model i s  expressed as fo l lows: 

The emission f a c t o r  f o r  the paved road cond i t ion  

-0.41 SL = 21.3 (ADT) 

where: 

(5-3) 

sL = s i l t  loading (g/m2) 

ADT = average d a i l y  t r a f f i c  (veh ic ledday)  

This urban model was developed from s i l t  loading measurements i n  f i v e  urban 

areas (Baltimore, Buf fa lo ,  Grani te City ( IL) ,  Kansas City, and S t .  Louis). 
A l l  o f  the s t ree ts  were paved edge t o  edge and had curbs and gut ters .  The 

ca lcu lated cont ro l  e f f i c i e n c i e s  f o r  paving are usual ly  o f  the order o f  90%. 
The r e s u l t s  o f  add i t iona l  f i e l d  t e s t i n g  o f  haul road water ing are pre- 

sented i n  Table 5-5. 

5.2 IMPROVEMENT OF PAVED TRAVEL. SURFACES 

5.2.1 Design Considerations 

Resuspended dust emissions from vehic les t r a v e l i n g  on paved roads can 

be con t ro l l ed  by removing the dust from the  road surface. Techniques f o r  
removi ng dust from paved roads i nc l  ude broom sweepi ng , vacuum sweeping , 
f lush ing,  and a combination o f  f l ush ing  and broom sweeping. The cont ro l  
e f f i c i e n c y  af forded by any o f  these road cleaning techniques decays w i t h  

t i m e  and w i t h  veh ic le  passes a f t e r  cleaning. This i s  due t o  the bui ldup o f  
dust on the surface because o f  track-on from unpaved surfaces, release o f  

veh ic le  underbody catch debr is,  atmospheric deposi t ion,  and ra instorm wash- 
on. 
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TABLE 5-5. COMPOSITE CONTROL EFFECTIVENESS 
OF WATERING8 

c 
i 

Per iod between 
app l ica t ions  (min) 

120 60 30 

Mine 1 
Control e f f .  (%) 

TSP 16  37 5 1  
FP 29 40 43 

Vehicles/hr 32 24 28 

Mine 2 
Control e f f .  (%) 

TSP 41 59 
FP 26 47 

Vehicles/hr 65 78 

The cont ro l  e f f i c i e n c y  achieved by vacuuming i s  inf luenced by many 

var iab les such as: 

1. 

2. 

3. 

4. 

5. 

Blower capaci ty  i n  ACFM. 

The a i r  v e l o c i t y  generated along the road surface. 

The cond i t ion  o f  the road surface (small p a r t i c l e s  can be shielded 
from capture i f  they r e s t  i n  holes cha rac te r i s t i c  o f  a rough, poor 
qual i ty  surface). 

Charac ter is t i cs  o f  the gu t te r  broom (e.g., rpm, type o f  b r i s t l e ,  
number o f  b r i s t l e s  per  u n i t  area). 

Type o f  device used t o  remove p a r t i c l e s  (e.g., bags, water sprays, 
scrubbers , etc .  ). 

77 



5.2.2 Performance Data 

I n  contrast  t o  con t ro ls  f o r  unpaved roads, few publ ished values are 

ava i lab le  f o r  con t ro l  measures appl icable t o  paved roads. 

o f  exposure p r o f i l i n g  tes ts  have been performed t o  measure the cont ro l  

e f f i c i e n c y  achieved by vacuum sweeping, water f lush ing ,  and water f l ush ing  

fol lowed by broom sweeping o f  s tee l  p l a n t  paved r0ads. l  

o f  an improved vacuum sweeper has been determined i n d i r e c t l y  by quant i fy ing 
the reduct ion i n  surface loading on two c i t y  s t reets .13 

Tables 5-6 and 5-7 l i s t  the ava i lab le  cont ro l  e f f i c i e n c y  data f o r  each 

o f  the four  road cleaning techniques mentioned above. I n  Table 5-6, the 
cont ro l  e f f i c i e n c i e s  o f  vacuuming are l i s t e d  as s ing le  values measured a t  
spec i f i c  t i m e s  a f t e r  appl icat ion.  I n  Table 5-7, the  cont ro l  e f f i c i e n c i e s  

o f  the remaining techniques are quan t i f i ed  as a func t ion  o f  veh ic le  passes 

a f t e r  appl icat ion.  A l l  the data i n  Tables 5-6 and 5-7 are based on f i e l d  
t e s t i n g  using the exposure p r o f i l i n g  method. 

The broom sweeper cont ro l  e f f i c i e n c y  data from Table 5-7 i nd i ca te  t h a t  

the highest con t ro l  e f f i c i e n c y  achievable by broom sweeping alone i s  27% 
immediately a f t e r  app l i ca t ion .  The data suggest t h a t  d a i l y  broom sweeping 

would achieve approximately 25% cont ro l .  The p r inc ip les  behind the e f fec-  

t iveness o f  broom sweeping suggest t h a t  broom sweeping alone cannot be i m -  
proved enough t o  capture an adequate amount o f  f i n e  pa r t i cu la te .  

0.48 gal/yard2 can produce a maximum o f  69% cont ro l  immediately a f t e r  app l i -  

ca t i on  and t h a t  it w i l l  decay t o  zero a f t e r  300 veh ic le  passes. The equa- 

t i o n  presented i n  Table 5-7 was based on t e s t s  conducted a t  a s tee l  p l a n t  i n  

Houston, Texas. The average veh ic le  weight dur ing t e s t i n g  was 10 tons, and 

the road was completely surrounded by unpaved areas accessible t o  vehic les.  

The cont ro l  e f f i c i e n c y  equation i n  Table 5-7 shows t h a t  water f l ush ing  and 

broom sweeping together are more e f f e c t i v e  than e i t h e r  technique used 

separate1 y . 
Emissions o f  t ra f f i c -en t ra ined road dust can a lso be reduced by resur-  

facing o f  paved roads t h a t  have de ter io ra ted  r e s u l t i n g  i n  increased surface 

dust loadings. 

A l i m i t e d  number 

Also, the e f f i c i e n c y  

The f lusher  cont ro l  e f f i c i e n c y  data suggest t h a t  f l ush ing  a t  a r a t e  o f  

The cont ro l  e f f i c i e n c y  r e s u l t i n g  from resur fac ing o f  a paved 
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TABLE 5-6. MEASURED SINGLE-VALUED PARTICULATE CONTROL 
EFFICIENCIES FOR VACUUM SWEEPING' 

Instantaneous 
cont ro l  

Blower Time af ter ,  e f f i c i e n c y  
capaci ty  appl i c a t i o n a  (%) 

Vacuum type (cfm) (hr) TP I P  

Once-through 12,000 2.8 70 51 
24 52 58 
2.1 48 16 
4.1 16 0 

As measured t o  the midpoint  o f  the tes t .  a 

TABLE 5-7. PARTICULATE CONTROL EFFICIENCY DECAY FUNCTIONS 
FOR BROOM SWEEPING AND FLUSHING' 

Average 
veh ic le  Instantaneous cont ro l  a 

App l ica t ion  weight e f f i c i e n c y  decay func t i on  
Control  i n t e n s i t y  (tons) TP I P  

Water f 1 ushi ng 0.48 gal/yd2 10 66 - 0.130 V 69 - 0.231 V 

Water f 1 lrshi ng 0.48 gal/yd2 13 90 - 0.294 V 96 - 0.263 V 
fo l lowed by 
broom sweeping 

Broom sweeping 12 24 - 0.164 V 27 - 0.032 V - b 

Equation y i e l d s  cont ro l  e f f i c i e n c y  i n  percent; V = number o f  veh ic le  
passes a f t e r  con t ro l  i s  employed. 

Control  e f f i c i e n c y  decay func t i on  obtained by d i f ference.  

a 
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road (app l i ca t ion  o f  2 i n .  o f  hot-mix asphal t )  may be estimated as equal t o  

the an t ic ipa ted  percentage reduct ion i n  s i l t  loading on the  t r a v e l  lanes. 

This i s  based on the propor t ional  re la t i onsh ip  between emissions and s i l t  

loading i n  the AP-42 emission fac to r  f o r  i n d u s t r i a l  paved roads. 

i nat  

such 

l i n g  

L i  tt 

Curbs are e f f e c t i v e  i n  keeping vehic les on the pavement, thereby elim- 

ng t rack ing  f rom the edge o f  the pavement. However, o ther  techniques 

as p a i n t i n g  the road 1 t o  2 f t  from the edge w i t h  a s t r i p e  and i n s t a l -  

park ing caut ion signs may accomplish t h i s  ob jec t ive  a t  f a r  less expense. 

e add i t iona l  con t ro l  e f f i c i e n c y  i s  gained by i n s t a l l a t i o n  o f  cont inu- 

ous curbing w i t h  gu t te rs  and sewers unless a l l  adjacent areas (e.9. , park ing 

l o t s  and driveways) are a lso paved. I n  e f f e c t  curbs would reduce loadings 

t o  t h a t  o f  the urban model (Equation 5-3). 

5.3 STABILIZATION OF PILES/EXPOSED AREAS 

5.3.1 Design Considerations 

Wind erosion o f  open storage p i l e s  and exposed areas i s  a recognized 

source o f  p a r t i c u l a t e  a i r  p o l l u t i o n  associated w i t h  the  mining and process- 

i n g  o f  metal 1 i c  and nonmetal 1 i c  minerals. Preventive methods f o r  con t ro l  

o f  windblown emissions from raw mater ia l  storage p i l e s  cons is t  o f  wet t ing,  

chemical s t a b i l i z a t i o n ,  and enclosures. Physical s t a b i l i z a t i o n  by cover ing 

the exposed surface w i t h  less erod ib le  aggregate mater ia l  and/or vegetat ive 

s t a b i l i z a t i o n  are seldom p r a c t i c a l  con t ro l  methods f o r  raw mater ia l  storage 

p i l e s .  

5.3.2 Performance Data 

and t a i l i n g s  p i l e s ,  wind tunnel measurements have been performed. Although 

most o f  t h i s  work has been ca r r i ed  out i n  laboratory  wind tunnels, por tab le  

wind tunnels have been used i n  the f i e l d  on storage p i l e s 1  and t a i l i n g s  

p i l e s .  l4 Laboratory wind tunnels have a lso been used w i t h  physical  models 

t o  measure the ef fect iveness o f  wind screens i n  reducing surface wind velo- 

c i t y .  

To t e s t  the ef fect iveness o f  con t ro ls  f o r  wind erosion o f  storage p i l e s  
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A por tab le  wind tunnel has been used t o  measure the  cont ro l  o f  coal 

p i l e  wind erosion emissions by a 17% so lu t i on  o f  CoherexB i n  water appl ied 

a t  an i n t e n s i t y  o f  3.4 L/m2 (0.74 gal/yard*), and a 2.8% so lu t i on  o f  Dow 

Chemical M-167 Latex Binder i n  water appl ied a t  an average i n t e n s i t y  o f  6.8 

L/m2 (1.5 gal /yard2). l  The cont ro l  e f f i c i e n c y  o f  Coherex@ appl ied a t  the 

above i n t e n s i t y  t o  an undisturbed steam coal surface approximately 60 days 

before the  t e s t ,  under a wind o f  15.0 m/s (33.8 mph) a t  15.2 cm (6 i n . )  
above the ground, was 89.6% f o r  TP and approximately 62% f o r  I P  and FP. 

The cont ro l  e f f i c i e n c y  o f  the l a t e x  b inder  on a low v o l a t i l i t y  coking coal 

i s  shown i n  Figure 5-10. 

5.4 ENCLOSURES 

As described i n  Section 4, enclosures are an e f f e c t i v e  means by which 
t o  con t ro l  f u g i t i v e  p a r t i c u l a t e  emissions from open dust sources. Enclo- 

sures can e i t h e r  f u l l y  o r  p a r t i a l l y  enclose the source. F u l l  enclosures 

are a lso capable o f  e i t h e r  being evacuated through some type o f  dust co l -  

l e c t o r  (ac t i ve)  o r  nonevacuated (passive) as the case may be. Included i n  

the category o f  p a r t i a l  enclosures are porous wind screens o r  bar r ie rs .  

This p a r t i c u l a r  type o f  enclosure i s  discussed i n  d e t a i l  below. 

5.4.1 Design Considerations 

With the exception of wind fencedbar r i e rs ,  a review o f  ava i lab le  

l i t e r a t u r e  reveals no quan t i t a t i ve  in format ion on the ef fect iveness o f  

enclosures t o  cont ro l  f u g i t i v e  dust emissions from open sources. Types o f  

passive enclosures t r a d i t i o n a l l y  used f o r  open dust con t ro l  inc lude three- 

sided bunkers f o r  the storage o f  bu l k  mater ia ls ,  storage s i l o s  f o r  var ious 

types o f  aggregate mater ia l  ( i n  l i e u  o f  open p i l es ) ,  open-ended bui ld ings,  

and s i m i l a r  s t ructures.  

o f  p a r t i c l e s  produced e i t h e r  through erosion o f  a dust-producing surface 

(e.g., storage s i l o s )  o r  by d ispers ion o f  a dust plume generated d i r e c t l y  

by a source (e.g. , front-end loader i n  a three-sided enclosure) i s  genera l ly  

e f f e c t i v e  i n  c o n t r o l l i n g  f u g i t i v e  p a r t i c u l a t e  emissions. However, ava i lab le  

data are no t  s u f f i c i e n t  t o  quant i f y  emission reductions. 

P r a c t i c a l l y  any means t h a t  reduces wind entrainment 

8 1  



\ 
c Vunnel Wind- 1 

at 15 cm (6.0 in)<.; 
Speed = l?h/sj$s'$ph)j 

4 
Above . x  the Test Sutface ~ _L , i 

Figure 5-10. Decay i n  cont ro l  e f f i c i e n c y  o f  l a t e x  binder 
appl ied t o  coal storage p i l e s 1  

P a r t i a l  enclosures used f o r  reducing windblown dust f r o m  la rge  exposed 
areas and storage p i l e s  inc lude porous wind fences and s i m i l a r  types o f  

physical  b a r r i e r s  (e.g., t rees).  The p r i n c i p l e  o f  the wind fence/ b a r r i e r  

i s  t o  provide an area o f  reduced wind v e l o c i t y  which al lows s e t t l i n g  o f  the 
la rge  p a r t i c l e s  (which cause sa l ta t i on )  and reduces the p a r t i c l e  f l u x  from 

the  exposed surface on the  leeward s ide o f  the fence/barr ier .  

Wind fence/barr iers can e i t h e r  be man-made st ructures o r  vegetat ive i n  

nature. One type o f  screen mater ia l ,  made out  o f  a t e x t i l e  f ab r i c ,  has been 

used e f f e c t i v e l y  f i r s t  i n  Europe and then i n  the  United States.15 Wind 
breaks cons is t ing  o f  t r e e  l i n e s  and other  types o f  vegetat ion have a lso been 

used t o  she l te r  la rge  open areas.16 
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5.4.2 Performance Data 
A number o f  studies have attempted t o  determine the ef fect iveness of 

wind fences/barr iers f o r  the cont ro l  o f  windblown dust under f i e l d  condi- 

t ions .  Several o f  these studies have shown both a s i g n i f i c a n t  decrease i n  

wind v e l o c i t y  as w e l l  as an increase i n  sand dune growth on the l e e  s ide of 
the fence. 16' 17' l8 !l9 The degree o f  emissions reduct ion var ied  f r o m  study 

t o  study ranging from 0 t o  a maximum o f  about 90% depending on t e s t  condi- 

t ions .  l8' * O  A summary o f  ava i lab le  t e s t  data contained i n  the l i t e r a t u r e  
on the con t ro l  achieved by wind fences/barr iers i s  provided i n  Table 5-8. 

each o f  the studies conducted t o  date. These problems tend t o  l i m i t  an 

accurate assessment o f  the ove ra l l  degree o f  con t ro l  achievable by wind 

fences/barr iers f o r  la rge  open sources. Most o f  t h i s  work has e i t h e r  not  

thoroughly character ized the v e l o c i t y  p r o f i l e  behind the fence/barr ier  o r  

adequately assessed the p a r t i c l e  f l u x  f r o m  the exposed surface. 

Various problems have been noted w i t h  the  sampling methodology used i n  

5.5 WET SUPPRESSION SYSTEMS 

Fug i t i ve  emissions from aggregate mater ia ls  handling systems are. f r e -  

quent ly con t ro l l ed  by wet suppression systems. These systems use l i q u i d  

sprays o r  foam t o  suppress the format ion o f  a i rborne dust. The primary 

cont ro l  mechanisms are those t h a t  prevent emissions through agglomerate 

format ion by combining small dust  p a r t i c l e s  w i t h  l a rge r  aggregate o r  w i t h  

l i q u i d  droplets .  The key fac to rs  t h a t  a f f e c t  the degree o f  agglomeration 

and, hence, the performance o f  the system, are the coverage o f  the mater ia l  

by the l i q u i d  and the a b i l i t y  o f  the l i q u i d  t o  "wet" small pa r t i c l es .  This 

sect ion addresses two types o f  w e t  suppression systems--1 i q u i d  sprays which 

use water o r  water/surfactant mixtures as the  wet t ing  agent and systems 

which supply foams as the  wet t ing  agent. 

5.5.1 Basic Design Considerations 

sions f r o m  mater ia ls  handl ing a t  conveyor t rans fe r  po ints .  The wet t ing  

agent can be water o r  a combination o f  water and a chemical sur factant .  

L iqu id  spray w e t  suppression systems can be used t o  con t ro l  dust emis- 
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This sur factant ,  o r  surface ac t i ve  agent, reduces the surface tension o f  

the water. As a r e s u l t ,  the quant i t y  o f  l i q u i d  needed t o  achieve good con- 

t r o l  i s  reduced. For systems using water only,  add i t ion  o f  sur factant  can 

reduce the quant i t y  o f  water necessary t o  achieve a good cont ro l  by a r a t i o  

o f  4 : l  o r  more.21,22 

The design spec i f i ca t ions  f o r  w e t  suppression systems are genera l ly  

based on the experience o f  the design engineer ra the r  than on establ ished 

design equations o r  handbook ca lcu lat ions.  Some general design guide1 i nes 

t h a t  have been reported i n  the l i t e r a t u r e  as successful are l i s t e d  below: 

1. A v a r i e t y  o f  nozzle types have been used on w e t  suppression sys- 
tems, bu t  recent data suggest t h a t  hollow cone nozzles produce 
the greatest  con t ro l  wh i le  minimizing clogging.23 

2 .  Optimal d rop le t  s ize  f o r  surface impaction and f i n e  p a r t i c l e  
agglomeration i s  about 500 pm; f i n e r  droplets  are a f fec ted  by 
d r i f t  and surface tens ion and appear t o  be less  e f fec t i ve .24  

3. App l ica t ion  o f  water sprays t o  the underside o f  a conveyor b e l t  
improves the performance o f  w e t  suppression systems a t  bel  t - t o -  
b e l t  t r ans fe r  po ints .25 

Micron-sized foam app l i ca t i on  i s  an a l t e r n a t i v e  t o  water spray systems. 

The pr imary advantage o f  foam systems i s  t h a t  they provide equivalent con- 

t r o l  a t  lower moisture add i t i on  ra tes  than spray systems.25 However, the 

foam system i s  more c o s t l y  and requi res the use o f  ex t ra  mater ia ls  and equip- 

ment. 

and agglomeration o f  f i n e  p a r t i c l e s .  

good p a r t i c l e  agglomeration have been suggested: 26 

The foam system a lso achieves cont ro l  p r i m a r i l y  through the wet t ing  

The fo l l ow ing  guidel ines t o  achieve 

1. The foam can be made t o  contact  the p a r t i c u l a t e  mater ia l  by any 
means. High v e l o c i t y  impact o r  o ther  b ru te  force means are not 
required. 

2 .  The foam should be d i s t r i b u t e d  throughout the product mater ia l .  
I n j e c t  the  foam i n t o  f r e e - f a l l i n g  mater ia l  ra ther  than cover the 
product w i t h  foam. 

The presence o f  foam w i t h  the product ind ica tes  t h a t  e i t h e r  too 
much foam has been used o r  it has no t  been adequately dispersed 
w i t h i n  the mater ia l .  

3. The amount appl ied should a l low a l l  o f  the foam t o  d iss ipate.  
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5.5.2 Performance Data 

are presented i n  Tables 5-9 and 5-10, respect ive ly .  

cluded estimates o f  con t ro l  e f f i c i e n c y  based on concentrat ions o f  t o t a l  

p a r t i c u l a t e  o r  resp i rab le  dust i n  the  workplace atmosphere. 

mass emissions reduct ion are a l so  presented. The data should be viewed 

w i t h  caut ion i n  t h a t  t e s t  data r a t i n g s  are genera l l y  low and on ly  minimal 

data on process o r  cont ro l  system parameters are presented. 

The data i n  Tables 5-9 and 5-10 do i nd i ca te  t h a t  a wide range o f  e f -  

f i c i e n c i e s  can be obtained from wet suppression systems. For conveyor 

t r a n s f e r  s ta t ions ,  l i q u i d  spray systems had e f f i c i e n c i e s  ranging from 42 t o  

75%, whi le  foam systems had e f f i c i e n c i e s  ranging from 0 t o  92%. 

are no t  s u f f i c i e n t  t o  develop re la t i onsh ips  between con t ro l  o r  process 

parameters and cont ro l  e f f i c i e n c i e s .  However, the f o l  1 owing observations 

r e l a t i v e  t o  the  data i n  Tables 5-9 and 5-10 are noteworthy: 

Avai lab le data fo r  both water spray and foam wet suppression systems 

The data p r i m a r i l y  i n -  

Some data on 

The data 

1. The quant i t y  o f  foam app l ied  t o  a system does have an impact on 
system performance. On g r i z z l y  t r a n s f e r  po in ts ,  foam ra tes  o f  
7.5 ft3 t o  10.5 f t 3  o f  foam'per ton  o f  sand produced increas ing 
cont ro l  e f f i c i e n c i e s  ranging from 68 t o  92%.27 Foam ra tes  below. 
5 ft3 per ton  produced no measurable cont ro l .  

2. Mater ia l  temperature has an impact on foam performance. A t  one 
p l a n t  where sand was being t rans fer red ,  con t ro l  e f f i c i e n c i e s  
ranged from 20 t o  65% when 1 2 O O F  sand was handled. When sand 
temperature was i ncreased t o  190°F, a1 1 cont ro l  e f f i c i e n c i e s  were 
below 10%. 27 

3. Data a t  one p l a n t  suggest t h a t  underside b e l t  sprays increase con- 
t r o l  e f f i c i e n c i e s  f o r  resp i rab le  dust (56 t o  81%).25 

4. When spray systems and foam systems are used t o  apply equiva lent  
moisture concentrations, foam systems appear t o  prov ide greater  
cont ro l .27  On a g r i z z l y  feed t o  a crusher, equiva lent  foam and 
spray app l ica t ions  provided 68% and 46% con t ro l  e f f i c i e n c y ,  re-  
spect ive ly .  

5.6 PLUME AFTERTREATMENT 

The i n j e c t i o n  o f  charged o r  uncharged water d rop le ts  i n t o  a dust plume 

can be e f f e c t i v e  means by which t o  s e t t l e  the  suspended p a r t i c l e s .  
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I n  t h i s  sect ion,  ava i lab le  t e s t  data on plume af ter t reatment  systems w i l l  be 

provided as a guide t o  the environmental profess ional  i n  the app l i ca t i on  o f  

such technology t o  the cont ro l  o f  f u g i t i v e  p a r t i c u l a t e  emissions from open 

sources. 

5.6.1 Basic Design Considerations 

app l ica t ion  of plume af ter t reatment  using p l a i n  water. 

the  primary mechanism by which the water droplets  capture suspended dust 

p a r t i c l e s ,  the s ize  and v e l o c i t y  o f  the drop le ts  i n jec ted  i n t o  the plume 

are c r i t i c a l  t o  proper system design. According t o  the U.S. Bureau of 
Mines (BOM), the optimum drop s ize  f o r  the capture o f  a i rborne resp i rab le  

dust (- < 10 pm) i s  approximately 200 pm.29r30 The v e l o c i t y  o f  the droplets  

i n jec ted  i n t o  the dust plume should a lso be maximized t o  the greatest  extent  
poss i b l  e. 

Guidelines on the proper design and operat ion o f  water spray systems 

have been published by the B0M.29130 
select ion,  l oca t i on  o f  nozzles f o r  optimum coverage o f  the dust plume, the 

design o f  f i l t r a t i o n  systems t o  reduce nozzle wear and clogging. 

i s  re fe r red  t o  these documents f o r  assistance i n  the app l ica t ion  o f  plume 
af ter t reatment  systems using p l a i n  water. 

I n  the past several years, e lec t ros ta t i cs  has been used t o  augment 
t r a d i t i o n a l  water sprays f o r  plume af ter t reatment .  Most mechanically 

generated aerosol p a r t i c l e s  acquire a s l i g h t  e l e c t r o s t a t i c  charge.31 By 

i n j e c t i n g  a fog o f  opposi te ly  charged water droplets  i n t o  the plume, a 
s i g n i f i c a n t  enhancement i n  the capture and removal process can be achieved 

(espec ia l l y  f o r  p a r t i c l e s  i n  the  1 t o  2 pin s ize  range.)32133 

Two companies cu r ren t l y  market a commercial version o f  e l e c t r o s t a t i c  

fogger. These u n i t s  u t i l i z e  induc t ion  charging and genera l ly  f o l l ow  the 

design o r i g i n a l l y  developed by H ~ e n i g . ~ l  
gers, an experimental u n i t  (CFG) was developed under EPA sponsorship by a 

C a l i f o r n i a  f i r m .  
atomizer f o r  the generation o f  charged fog.34 

A number of important parameters must be considered i n  the proper 

Since impaction i s  

These guide l ines inc lude proper nozzle 

The reader 

I n  add i t i on  t o  the commercial fog- 

This experimental model uses d i r e c t  charging and a r o t a r y  
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The e f f i c i e n c y  a t  which charged fog  captures a i rborne p a r t i c l e s  depends 

on several parameters: 

plume); contact  t ime; d rop le t  s ize;  and charge-to-mass r a t i o  ( f o r  water 

d rop le ts  and dust pa r t i c l es ) .  
t o  quan t i f y  the  re la t i onsh ips  between these cont ro l  parameters. 

Since use o f  charged fog  f o r  the  con t ro l  o f  f u g i t i v e  dust has been 

tes ted  on ly  on a l i m i t e d  bas is ,  r e l a t i v e l y  l i t t l e  data are ava i l ab le  on 
f i e l d  performance. The app l i ca t i on  o f  charged fog  has been suggested f o r  

use i n  the  crushed stone and smelt ing indus t r ies .35 t36  

vo lumetr ic  r a t i o  (volume o f  spray t o  volume of dust 

A t  present i n s u f f i c i e n t  data are ava i lab le  

5.6.2 Performance Data 

Plume a f te r t rea tment  systems using p l a i n  water have been extens ive ly  
inves t iga ted  i n  the  labora tory  by the U.S. Bureau of 3 1 i  3 2 t 3 7 1 3 8  

These stud ies have inc luded an evaluat ion o f  both water sprays and steam 

f o r  the  con t ro l  o f  resp i rab le  p a r t i c l e s .  Most o f  t h i s  work was conducted 

i n  a wind tunnel  w i t h  dust concentrat ions measured by wet impingers up- 

stream and downstream o f  the  spray i n j e c t i o n  po in t .  BOM research has i n d i -  

cated a general reduct ion i n  resp i rab le  dust concentrat ions i n  the  range o f  

20-60% us ing water sprays alone w i t h  an add i t iona l  14% increase i n  e f f i -  
c iency when steam and water sprays are used concurrent ly.  31, 37 When sur- 

fac tan ts  were added t o  the  water p r i o r  t o  atomization, a 10-15% increase 

i n  e f f i c i e n c y  was achieved i n  the  capture o f  a i rborne resp i rab le  dust as 

compared t o  water alone.39 

A number o f  labora tory  s tud ies have a lso  been conducted on the  use o f  

charged water d rop le ts  ( fog) f o r  plume af ter t reatment .  Wind tunnel  (o r  

chamber) s tud ies have been performed by Hoenig, Kinsey, and McCoy under the 

sponsorship o f  e i t h e r  the  EPA o r  B0M.32t33140141 Reductions i n  dust con- 

cen t ra t i on  achieved by charged fog  vary s i g n i f i c a n t l y  from study t o  study, 

depending on t e s t  condi t ions,  type o f  dust and p a r t i c l e  s ize.  Generally, a 

40-80% reduc t ion  i n  dust concentrat ion seems t o  be t y p i c a l  over most p a r t i c l e  

s ize  ranges and t e s t  condi t ions.  A s i g n i f i c a n t  enhancement i n  dust capture 

e f f i c i e n c y  was determined i n  the  var ious s tud ies f o r  p a r t i c l e s  i n  the smal ler  

s i ze  ranges ( i .e . ,  < 1-2 pmA) due t o  the  e l e c t r o s t a t i c  forces which a c t  on 

these s i z e  p a r t i c l e s .  
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I n  add i t i on  t o  wind tunnel o r  chamber experiments, a number o f  i n v e s t i -  

gators have a lso conducted f i e l d  studies t o  measure the ef fect iveness o f  

charged fog t o  con t ro l  f u g i t i v e  dust. Hoenig conducted some f i e l d  i n v e s t i -  

gations as p a r t  o f  h i s  o r i g i n a l  work w i t h  subsequent programs conducted by 

Mathai , McCoy, and Brookman.31r33r39r41 

As expected, con t ro l  e f f i c i e n c i e s  determined i n  f i e l d  t e s t s  are gene- 

r a l l y  lower than those measured i n  the laboratory.  

t es ts  su f fe r  from one o r  more de f ic ienc ies  i n  experimental technique, data 

q u a l i t y  i s  l im i ted .  Table 5-11 summarizes the ava i lab le  cont ro l  e f f i c i e n c y  
data f o r  plume af ter t reatment  systems. 

Because a l l  o f  the f i e l d  

5.7 OTHER OPEN SOURCE CONTROLS 

There are a number o f  open source cont ro l  techniques which have no t  as 

y e t  been evaluated on a quan t i t a t i ve  basis, and thus no substant ive t e s t  data 

are ava i lab le  f o r  con t ro l  e f f i c i ency .  These methods include: phys ica l  sta- 

b i l i z a t i o n  o f  unpaved surfaces; mud/dirt carryout  cont ro l  f o r  const ruct ion and 

demol i t ion;  and modif ied t i l l i n g  p rac t ices  f o r  a g r i c u l t u r a l  operations. To 

a s s i s t  the environmental profess ional  i n  the use o f  these techniques, Table 

5-12 presents l i t e r a t u r e  references which describe these methods i n  f u r t h e r  

d e t a i l .  The reader i s  d i rec ted  t o  these references f o r  guidance i n  the ap- 

p l i c a t i o n  o f  these methods f o r  open source cont ro l .  
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TABLE 5-12. LITERATURE REFERENCES FOR OPEN SOURCE CONTROLS WHERE 
NO TEST DATA ARE AVAILABLE 

Control method L i te ra tu re  reference(sIa 

Physical s t a b i l i z a t i o n  15, 42, 43 

Vegetative s t a b i l i z a t i o n  15, 16, 44 

Mud/dir t  carryout  f o r  const ruct ion 45 
and demol i t ion 

Agr i cu l tu ra l  ti 1 1 i ng 46, 47, 48 

a Refers t o  l i s t  o f  references a t  the end o f  Section 5. 
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I n d u s t r i a l  process f u g i t i v e  emissions pose a dual problem f o r  the  con- 
t r o l  engineer. These emissions cont r ibu te  t o  degradation o f  ambient a i r  
q u a l i t y ,  and they can be a source o f  worker exposure t o  t o x i c  o r  nuisance 
contaminants. Consequently, con t ro l  systems can be designed t o  reduce a t -  
mospheric emission ra tes  and/or maintain low contaminant concentrations i n  
the  worker breath ing zone. Some cont ro l  systems address both object ives,  
wh i le  some address one a t  the expense o f  the other. 

e t y  o f  process sources. Because these systems are designed w i t h  diverse 
ob jec t ives  and because ind i v idua l  process condi t ions vary, each f u g i t i v e  
con t ro l  system i s  unique i n  i t s  design and operation. Some o f  the factors 
which a f f e c t  the choice o f  a system and se lec t ion  o f  design and operat ing 
parameters are s ize  o f  the process, phys ica l  and chemical cha rac te r i s t i cs  
o f  the  emissions stream, worker or  equipment access requirements f o r  the 
process, s t r u c t u r a l  cons t ra in ts  ( f u g i t i v e  cont ro l  systems o f ten  are 
r e t r o f i t  t o  e x i s t i n g  processes), and regu la to ry  requirements. 

The v a r i a t i o n  i n  cont ro l  system design and operat ion i s  r e f l e c t e d  i n  

the extreme v a r i a t i o n  i n  the performance o f  those systems. This sect ion 

presents the  ava i l ab le  in format ion on process f u g i t i v e  emissions cont ro l  

system performance. Because the  cont ro l  systems do vary widely  i n  t h e i r  
performance and these va r ia t i ons  are no t  f u l l y  understood, the  mater ia l  i n  

t h i s  sec t ion  should be used w i t h  caution. The performance data provided i n  

l a t e r  subsections can prov ide the  bas is  f o r  engineering analyses o f  the 
p o t e n t i a l  performance o f  a system. However, con t ro l  e f f i c i e n c i e s  f o r  a 

system should no t  be appl ied d i r e c t l y  t o  other  systems. 

Fug i t i ve  emissions con t ro l  systems have been i n s t a l l e d  on a wide va r i -  
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Assessment of the performance capability of a control system for a 
specific industrial process requires a structured approach. Key process 
and control system parameters that affect performance must be defined based 
on general design principles. Available data on control system performance 
then can be evaluated with respect to these key parameters. 

tive emissions, as reviewed in Chapter 4, include: 
The alternative approaches available for the control of process fugi- 

1. Wet Suppression 

0 Foams 
Water sprays (with and without chemical additives) 

2. Enclosures 
0 Passive enclosures (without evacuation) 

Active enclosures (with evacuation to a dust 
col 1 ector) 

3. Hooding Systems 
0 Receiving hoods 

- Canopy hoods 
- Close capture hoods - 
- Side draft hoods 
- Push/pull hooding systems - 
- Close capture hoods 

Hoods for mechanically directed plumes 
Capture hoods 

High velocity low volume hoods 

4. Plume Aftertreatment 
0 Fine water sprays 

Electrostatic foggers 

Wet suppression and passive enclosures are preventive measures, whereas 
hooding systems and plume aftertreatment are capture/removal methods. A1 1 
of these controls are designed to be continuously applied. 

process fugitive emissions control systems--wet suppression, enclosures, 
hooding systems, and plume aftertreatment. For each type of system, basic 
design considerations are described, key control parameters are identified, 
and available performance data are presented. 
are included --those based on environmental measurements of reduction in 
mass emissions and those based on measurements of workplace concentrations. 

This section presents the data needed to assess the four types of 

Two types of performance data 
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Finally, a brief discussion of other control techniques for which test data 
are not available is also presented. 

6.1 WET SUPPRESSION SYSTEMS 

The use of wet suppression for the control of fugitive emissions has 
been discussed previously in Section 5. In this section, the application 
of wet suppression systems for process sources will be addressed. 
processes which typically utilize wet suppression include crushers, screens, 
and other size reduction operations. 

Types of 

6.1.1 Basic Design Considerations 
As mentioned previously, either water, water plus a surfactant, or 

aqueous foams can be used in wet suppression systems. Since each process 
is unique, the specific design of the system and the wetting agent used 
will vary from source to source. However, some general guidelines reported 
in the  literature include: 

1. On primary and secondary crushers , water-only systems require 
greater than 5% moisture, while water/surfactant systems can 
achieve reasonable control with only 1% moisture. '2 

2. Tertiary crushing will require 4 to 5% moisture for water/surfac- 
tant systems. 3 

3. Nozzles on crushers should be located between 3 and 6 ft from 
moving materials to minimize nozzle damage and reduce the chance 
of water drift. 

6.1.2 Performance Data 
Available test data for both water spray and foam wet suppression sys- 

tems are presented in Table 6-1. The control efficiency data shown are 
based on either a downwind tracer technique or respirable dust sampling in 
the workplace atmosphere before and after control application. 
the data are extremely limited and of somewhat low quality. 
tion is advised when utilizing the information contained in Table 6-1. 

In both cases, 
Therefore, cau- 
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A shown i n  Table 6-1, the t e s t  data on crusher controls are  mixed. 
One t e s t  indicated t h a t  foam applied a t  the crusher i n l e t  resu l t s  i n  only 
27% control efficiency. Another t e s t  i ndi cated t h a t  water sprays provided 
83% control f o r  primary and secondary crushers and 77% control for  t e r t i a r y  
crushers. 

6.2 ENCLOSURES 

Enclosures can be used t o  contain o r  capture emissions from such 
processes as crushing, screening, material cleaning, and material transport. 
The enclosures used t o  control these emissions can be classif ied as one of 
two types--active enclosures i n  which a i r  i s  evacuated t o  an a i r  pollution 
control device and passive enclosures w i t h o u t  evacuation. No substantive 
mass emissions t e s t  data were identified for  e i ther  active o r  passive enclo- 
sures. Further, no information on design guidelines for  enclosures was 
obtained. 
capture/collection systems i n  Section 6.3.1. 

Active enclosures are described i n  more detai l  as a component of 

6.3 CAPTUREKOLLECTION SYSTEMS 

Capture/col lection systems are  frequently used i n  industrial  f a c i l i t i e s  
t o  improve the work environment and reduce a i r  emissions. The design of 
each capture collection system i s  unique. I t  i s  dependent on the specif ic  
operations t o  be controlled,  the level of control required and physical 
constrai nts of plant operations. Whi 1 e these systems are unique, they a1 1 
have three basic components: a hood or enclosure t o  capture o r  contain 
par t iculate  emissions; a ventilation system comprising the fan and ductwork 
t o  provide airflow for capture and transport  of the par t iculate  matter; and 
an a i r  pollution control device. Each of these components i s  important t o  
the performance of the fugitive emission control system. 

6.3.1 Basic Design Considerations 

systems, a large body of information i s  available on design guidelines.6-9 
While only limited t e s t  data have been developed for  capture collection 
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However, adherence t o  these g u i d e l i n e s  does n o t  assure t h e  complete capture 

o f  t h e  emi s s i  ons. 

t h e  f o l l o w i n g  paragraphs do descr ibe bas i c  hooding design p r i n c i p l e s .  

A1 though d e t a i  1 ed design gu i  de l  i nes a re  n o t  repeated here, 

The o b j e c t i v e  o f  t h e  exhaust hood i s  t o  capture p a r t i c u l a t e  emissions 

a t  t h e  source be fo re  they  escape t o  t h e  p l a n t  environment o r  atmosphere. 

The term hood i s  used i n  t h e  broad sense t o  mean a l l  s u c t i o n  openings i n -  
c l u d i n g  suspended hoods, enclosures, s i d e  d r a f t  hoods, and open duc t  faces. 

The hood a c t s  t o  capture p a r t i c u l a t e  v i a  ' t h r e e  mechanisms--encl o s i  ng t h e  

e m i t t i n g  source(s) (enclosure),  l o c a t i n g  t h e  hood so t h a t  buoyant o r  mechani- 

c a l  f o rces  imparted by t h e  process d i r e c t  t h e  emissions i n t o  t h e  hood ( re-  

c e i v i n g  hood), and us ing  a i r f l o w  generated by t h e  hood t o  draw t h e  emissions 

stream i n t o  t h e  hood (capture hood). 

mechanism. 

Hoods o f t e n  use more than one capture 

Regardless o f  mechanism, t h e  two p r imary  parameters i n v o l v e d  i n  t h e  

design o f  e f f e c t i v e  l o c a l  exhaust o r  hooding systems are: 

hood (de f i ned  i n  t h e  broad sense descr ibed above) t o  con ta in  emi t ted  par-  

t i c u l a t e  as much as poss ib le ;  and (b) p r o v i d i n g  adequate f l o w  t o  capture 

any p a r t i c u l a t e  n o t  conta ined by t h e  hood and prevent  t h e  escape o f  a l l  

p a r t i c u l a t e  from t h e  hood. 
enclosure t h a t  prov ides e f f e c t i v e  p a r t i c u l a t e  c o n t r o l  a t  t h e  minimum exhaust 

v o l  ume. 

(a) l o c a t i n g  t h e  

The goal o f  hood design i s  t o  i n s t a l l  a hood o r  

The f i r s t  o b j e c t i v e  i n  l o c a t i n g  t h e  hood i s  t o  enclose t h e  emissions 

source as much as poss ib le .  

nomical and e f f e c t i v e  t h e  c o n t r o l  system w i l l  be. I n  f a c t ,  one design 

method i s  t o  s t a r t  w i t h  a complete enclosure o f  t h e  opera t i on  t o  be con- 

t r o l l e d  and add openings as r e q u i r e d  by t h e  process. 

When complete enclosure o f  t h e  opera t i on  i s  n o t  f e a s i b l e ,  t h e  f o l l o w -  

i n g  p r a c t i c e s  a re  g e n e r a l l y  fo l lowed. A l l  maintenance openings a re  l oca ted  

away from t h e  n a t u r a l  pa th  of p a r t i c u l a t e  t h a t  r e s u l t s  from m a t e r i a l  f l o w  

o r  dus t  splash. 

o r  rubber f l a p s  i f  poss ib le .  Openings f o r  m a t e r i a l  f l o w  a re  o f t e n  equipped 

w i t h  f l a p s  o f  rubber,  canvas, o r  o t h e r  p l i a b l e  m a t e r i a l .  
A i r f l o w  exhausted from a l o c a l  capture hood i n s t a l l e d  on an opera t i on  

i n v o l v i n g  m a t e r i a l  movement serves two purposes: t h e  exhaust must overcome 

induced a i r f l o w  created by m a t e r i a l  motion; and t h e  exhaust must p rov ide  

The more complete t h e  enclosure, t h e  more eco- 

I n s p e c t i o n  and maintenance openings a re  p rov ided  w i t h  doors 
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suf f ic ien t  velocity t o  capture par t iculate  which escapes the confines of 
the hood. The predominant function i s  dependent on hood type. If an 
enclosure i s  used, control of induced airstreams i s  the primary objective. 
If  the operation requires an exterior hood, par t iculate  capture i s  the 
primary airflow function. 

For those systems which can be controlled by complete or par t ia l  en- 
closure, the airflow a t  the hood should be suf f ic ien t  t o  overcome induced 
a i r  currents inherent t o  the process and t o  provide an inward a i r  velocity 
th rough  a l l  openings of about 50 t o  200 f t / m i n . ’  The volumes needed t o  

induced a i r  currents associated w i t h  specif ic  processes are 
below. 
culated by the formula: 

The flow needed t o  provide adequate veloci t ies  a t  openings 
overcome 
discussed 
can be ca 

where: 

Q = required airflow (ft3/min) 

A = cross-sectional area of openings ( f t 2 )  

V = required velocity a t  openings (ft/min) 

Material transport  creates an induced airflow which must be overcome 
t o  effect ively control fugi t ive emissions. Anderson has developed the fol-  

duced ai  rf  1 ow a t  t ransfer  poi nts. lowing equation for  calculating i 

Q = 1 0  

where: 

Q = induced airflow (ft3/min) 

A u  = feed opening ( f t 2 )  

R = ra te  of material flow (tons/hr) 

S = height of f a l l  ( f t )  

D = average par t ic le  diameter ( f t )  
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The ob jec t ive  of a capture hood i s  t o  provide a capture v e l o c i t y  o f  50 

t o  75 f t /m in  a t  the fa r thes t  capture p o i n t  from the hood. 

requi red t o  achieve t h i s  v e l o c i t y  i s :  

The t o t a l  f low 

Q = V (10 X2 + A) (6-3) 

where: 

Q = requi red a i r f l o w  ( f t3 /min)  

V = requi red capture v e l o c i t y  ( f t /min)  

X = distance from hood t o  f a r thes t  n u l l  p o i n t  (ft) 

A = cross-sectional area o f  hood (ft2) 

Receiving hoods capture p a r t i c u l a t e  as i t  i s  d i rec ted  from the source 

by thermal o r  mechanical forces. Examples are canopy hoods f o r  furnace 
charging and tapping emissions and close capture hoods on gr ind ing  equipment. 

Key design considerat ions are l oca t i ng  the  hood so t h a t  the complete exhaust 

stream i s  d i rec ted  t o  the hood and generating an a i r f l o w  greater  than the 
induced stream t h a t  i s  d i rec ted  i n t o  the hood. Plume s ize  and cross d r a f t  

problems are major concerns i n  designing rece iv ing  hoods. 

6.3.2 Performance Data 

e f f i c i ency ,  i s  a combination o f  the  capture e f f i c i e n c y  a t  the source and 

the c o l l e c t i o n  e f f i c i e n c y  o f  the a i r  p o l l u t i o n  cont ro l  device. Since data 

on c o l l e c t i o n  e f f i c i e n c y  have been summarized i n  d e t a i l  i n  previous man- 
uals, they w i l l  no t  be addressed here.lOlll The discussion w i l l  focus on 

the capture e f f i c i e n c y  o f  hoods and enclosures. 

Estimates based on v i s i b l e  emissions observations do suggest t h a t  the per- 

formance var ies widely from p l a n t  t o  p lan t .  Process and cont ro l  system 

parameters which cont r ibu te  t o  t h i s  v a r i a t i o n  inc lude l o c a t i o n  o f  the hood 

w i t h  respect t o  the source, a i r f l ows  i n  the v i c i n i t y  o f  the  source, process 

and plume temperature, source mob i l i t y ,  and a i r  volume f low rates.  This 

combination o f  l i m i t e d  t e s t  data and h igh l y  var iab le  performance makes any 

The performance o f  the capture/col 1 e c t i  on system , as def i ned by cont ro l  

Few t e s t  data are ava i lab le  on the performance o f  hoods and enclosures. 

108 



general assessment of capture e f f i c i ency  q u i t e  speculative. 

ance document s p e c i f i c a l l y  r e l a t e d  t o  the design o f  hood capture systems has 

been developed under another EPA cont rac t  t o  which the reader i s  d i rec ted  f o r  

f u r t h e r  in format ion.  l2 

A separate guid- 

Avai lab le data on cont ro l  e f f i c i e n c i e s  f o r  capture c o l l e c t i o n  systems 

are presented i n  Table 6-2.l3,l4 The data from the Banbury mixer h i g h l i g h t  

the impact o f  p l a n t  condi t ions on hood performance. When an employee cool- 

i n g  fan i n  the  v i c i n i t y  o f  the mixer was turned on, capture e f f i c i e n c y  was 

reduced f rom 90 t o  40%. The data a lso h i g h l i g h t  the importance o f  d istance 

between the source and the hood on performance. When the hood was moved 

f r o m  1 t o  3 m from the  hood, e f f i c i e n c y  was reduced f rom 90 t o  70%. 

6.4 PLUME AFTERTREATMENT 

The i n j e c t i o n  o f  charged o r  uncharged water droplets  i n t o  a dust plume 

can e f f e c t i v e l y  remove suspended p a r t i c u l a t e  matter. Plume af ter t reatment  

includes the use o f  water sprays, steam, and charged water droplets  (fog). 

Since t h i s  technology has been described i n  d e t a i l  above, any f u r t h e r  ,dis- 

cussion o f  such w i l l  not  be presented here. 

6.4.1 Basic Design Considerations 

The same basic design parameters def ined f o r  plume af ter t reatment  o f  

open dust sources apply t o  the use o f  a f ter t reatment  systems f o r  process 

sources. Droplet  s ize,  charge-to-mass r a t i o ,  and the method o f  apply ing an 

e l e c t r o s t a t i c  charge t o  the droplets ,  a l l  must be taken i n t o  consideration. 

The ambient temperature has a d i r e c t  e f f e c t  on drop le t  s ize  and thus charge- 

to-mass r a t i  0 .  

6.4.2 Performance Data 

Table 6-3.15-17 
mance o f  a f te r t rea tment  systems as appl ied t o  process f u g i t i v e  sources. 

A t  present the data are no t  adequate t o  quant i f y  re la t ionsh ips  between con- 

t r o l  /process parameters and performance. 

Avai lab le t e s t  data f o r  plume af ter t reatment  have been summarized i n  

As shown, very l i m i t e d  data are ava i lab le  on the per fo r -  
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6.5 OTHER PROCESS CONTROLS 

There are a number o f  o ther  techniques which can be used f o r  the cont ro l  

o f  process sources where no substant ive t e s t  data are ava i lab le  on cont ro l  
e f f i c iency .  
t i ons  as w e l l  as housekeeping measures. 
ences which might be used t o  guide the reader i n  the app l i ca t i on  o f  these 

techniques. 

These methods inc lude both process and work p rac t i ce  modif ica- 
Table 6-4 provides selected r e f e r -  

TABLE 6-4. LITERATURE REFERENCES FOR PROCESS SOURCE CONTROLS 
WHERE NO TEST DATA ARE AVAILABLE 

Control method L i te ra tu re  reference(sIa 

Process modi f icat ions 11, 18, 19, 20, 21, 22, 23 

Work p rac t i ce  modi f icat ions 11, 18, 22, 23 

Housekeeping 22 

a Refers t o  references l i s t e d  a t  the end o f  Sect ion 6. 

REFERENCES FOR SECTION 6 

1. U. S. Environmental Pro tec t ion  Agency. Non-Metal1 i c  Mineral Processing 
P1 ants, Background In format ion f o r  Proposed Standards. EPA-450/3-83- 
OOla, NTIS No. PB83-258103, Research Tr iangle Park, NC, March 1983. 

Control o f  A i r  Emissions from Process Operations i n  
the Rock Crushing Industry.  EPA-340/1-79-002, U. S. Environmental Pro-  
t e c t i o n  Agency, Washington, D.C., January 1979. 

Mining Engineering, Ju l y  1972. 

D r i l l s  and Crushers. 
1982. 

2. JACA Corporation. 

3. P i l z ,  K. Wet Dust Suppression Br ightens Mineral Processing Picture.  

4. Page, S. J. Evaluat ion o f  the Use o f  Foam f o r  Dust Control on Face 
R I  8595, U.S. Bureau o f  Mines, Washington, D.C., 
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5. 

6. 

7. 

8. 

9. 

10. 

12. 

13. 

14. 

15. 

16. 

17. 

Eimut is,  E. C.,  T. R. Blackwood, and R. Wachter. Pa r t i cu la te  Emissions 
from Stone Crushing Operations. Monsanto Research Corporation, Dayton, 
OH, November 1979. 

Hemeon, W. C. L. P lan t  and Process Ven t i l a t i on .  The I n d u s t r i a l  Press, 
New York, NY, 1963. 

American Conference o f  Governmental I n d u s t r i a l  Hygienists.  I n d u s t r i a l  
Ven t i l a t i on ,  A Manual o f  Recommended Pract ice.  18 th  Edi t ion.  Lansing, 
M I  , 1984. 

Anderson, D. M. Dust Control Design by the A i r  Induc t ion  Technique. 
I n d u s t r i a l  Medicine and Surgery, pp. 68-72. February 1964. 

Morrison, J. N. Cont ro l l i ng  Dust Emissions a t  B e l t  Conveyor Transfer 
Points.  Transactions Society o f  Mining Engineers, AIME, Vol. 250, 
pp. 47-53. March 1971. 

Control  Techniques f o r  P a r t i c u l a t e  Emissions from Stat ionary Sources. 
Volumes I and 11. EPA-450/3-81-005, U. S. Environmental Pro tec t ion  
Agency, Research Tr iang le  Park, NC, September 1982. 

Danielson, J. A. A i r  P o l l u t i o n  Engineering Manual. EPA Report AP-40, 
NT IS  No. 225132, U.S. Environmental Pro tec t ion  Agency, Research Tr iangle 
Park, NC, May 1973. 

Kashdan, E. R. , e t  a l .  Technical Manual: Hood System Capture of ,  Pro- 
cess Fug i t i ve  P a r t i c u l a t e  Emissions. EPA-600/7-86-016, NTIS No. PB86- 
190444, U.S. Environmental Pro tec t ion  Agency, Research Tr iang le  Park, 
NC, A p r i l  1986. 

Johnson, A. R., T. A. Lowe, W. W. Hanneman, and R. 3. Schlager. A 
Study o f  Reduction C e l l  F1 uor ide Emissions. Conference Proceedings , 
The Meta l l u rg i ca l  Society of AIME, L i g h t  Metals, 1980. 

Ellenbecker, M. J . ,  R. F. Gempel, and W. A. Burgess. Capture E f f i c i ency  
o f  Local Exhaust v e n t i l a t i o n  Systems. American I n d u s t r i a l  Hygiene Asso- 
c i a t i o n  Journal ,  44(10):752-755, October 1983. 

Hoenig, S. A. Use o f  E l e c t r o s t a t i c a l l y  Charged Fog f o r  Control o f  
Fug i t i ve  Dust Emissions. EPA-600/7-77-131, NT IS  No. PB276645, U. S. 
Environmental Pro tec t ion  Agency, Research Tr iang le  Park, NC, November 
1977. 

Hoenig, S. A. F u g i t i v e  and Fine P a r t i c l e  Control Using E l e c t r o s t a t i -  
ca l  l y  Charged Fog. EPA-600/7-79-078, NTIS No. PB298069, U. S. Environ- 
mental Pro tec t ion  Agency, Research Tr iang le  Park, NC, March 1979. 

Brookman, E. T., and K. J .  Kel ley.  Demonstration o f  the Use o f  Charged 
Fog i n  Con t ro l l i ng  Fug i t i ve  Dust from Large-Scale I n d u s t r i a l  Sources. 
EPA-600/2-83-044, NT IS  No. PB83-217828, U. S. Environmental Pro tec t ion  
Agency, Research Tr iang le  Park, NC, June 1983. 
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18. Jutze, G. A., e t  a l .  Technical Guidance f o r  Control o f  I n d u s t r i a l  Pro- 
cess Fug i t i ve  Par t i cu la te  Emissions. EPA-450/3-77-010, NT IS  No. 
PB272288, U. S. Environmental Pro tec t ion  Agency, Research Tr iangle Park, 
NC, March 1977. 

19. Ohio Environmental Protect ion Agency. Reasonably Avai lab le Control 
Measures f o r  Fug i t i ve  Dust Sources. Columbus, OH, September 1980. 

20. Forrest ,  R. D., and H. Wolfensberger. Improved Ladle Treatment o f  
Duc t i l e  I r o n  by Means of the Tundish Cover. 
p. 421-426. 

AFS Transactions, 80-57, 

21. Br igh t ,  J., and F. M. Shaw. The E f f e c t  o f  Moisture on the Amount o f  
Dust Produced by Foundry Sand. Journal o f  Research and Development, 
B r i t i s h  Cast I r o n  Research Association, December 1952. 

22. Burton, D. J., e t  a l .  Demonstrations o f  Control Technology f o r  Sec- 
ondary Lead Reprocessing, Volumes 1 and 2. Contract No. 210-81-7106, 
National I n s t i t u t e  f o r  Occupational Safety and Health, Cinc innat i  , OH, 
September 1983. 

23. Kost, J. A., 3. C. Y ing l ing,  and B. J. Mondics. Guidecook f o r  Dust 
Control i n  Underground Mining. OFR 145-82, U.S. Bureau o f  Mines, 
Washington, D. C. , December 1981. 
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Development and evaluation of particulate fugitive emissions control 
strategies require analyses of the relative costs of alternative control 
measures. Cost analyses are used by control agency personnel to develop 
overall strategies for an air pollution control district or to evaluate 
plant specific control strategies. Industry personnel perform cost anal- 
yses to evaluate control alternatives for a specific source or to develop a 
plant-wide emissions control strategy. Although the specifics of these anal- 
yses may vary depending upon the objective of the analysis and the avail- 
ability of cost data, the general format is similar. 

The primary goal of any cost analysis is to provide a consistent com- 
parison of the real costs of alternative control measures. The objective 
of this section is to provide the reader with a methodology that will allow 
such a comparison. It will describe the overall structure of a cost anal- 
ysis and provide the resources for conducting the analyses. Because cost 
data are continuously changing, specific cost data are not provided. How- 
ever, sources of cost information and mechanisms for cost updating are pro- 
vided. 

The approach outlined in this section will focus on cost-effectiveness 
as the primary comparison tool. Cost-effectiveness is simply the ratio of 
the annualized cost of the emissions control to the amount of emissions re- 
duction achieved. Mathematically, cost-effectiveness is defined by: 

‘a c* = L\R 

where: 

C* = cost effectiveness ($/mass of emissions reduction) 
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Ca 

AR = reduct ion (mass/year) i n  annual emissions 

= annualized cost  o f  the  cont ro l  measure ($/year) 

This general methodology was chosen because i t  i s  equal ly  appl icable 

fe ren t  con t ro ls  t h a t  achieve equivalent emissions reduct ion on a s 

d i f -  

e 

source and t o  measures t h a t  achieve var ied  reduct ions over m u l t i p l e  sources. 

The discussion i s  d iv ided i n t o  three sections. The f i r s t  sect ion de- 

scr ibes the general cost  analysis methodology, i nc lud ing  the  var ious types 

o f  costs t h a t  should be considered and presents methods f o r  ca l cu la t i ng  

those costs. The second i d e n t i f i e s  the pr imary cost  elements associated 

w i t h  each o f  the f u g i t i v e  emissions cont ro l  systems i d e n t i f i e d  i n  Section 4. 
The f i n a l  sect ion i d e n t i f i e s  sources o f  cost  data and discusses methods f o r  

updating cost  data t o  constant do l la rs .  

t o  

ng 

7.1 GENERAL COST METHODOLOGY 

Calcu lat ion o f  cost-ef fect iveness f o r  comparison o f  con t ro l  measures 

o r  cont ro l  s t ra teg ies  can be accomplished i n  four  steps. F i r s t ,  the a l t e r -  

na t ive  contro l /cost  scenarios are selected. Second, the cap i ta l  costs o f .  

each scenario i s  calculated. Thi rd ,  the annualized costs f o r  each o f  the 

a l te rna t i ves  i s  developed. F i n a l l y ,  the cost-ef fect iveness i s  calculated, 

tak ing  i n t o  considerat ion the l eve l  o f  emissions reduct ion.  

below. This approach i s  intended t o  provide general guidance f o r  cost  com- 

parison. It should not  be viewed as a r i g i d  procedure t h a t  must be fo l lowed 

i n  d e t a i l  f o r  a l l  analyses. The reader may choose o r  may be forced through 

resource o r  in format ional  cons t ra in ts  t o  omit  some elements o f  the analysis.  

However, f o r  comparisons t o  be va l i d ,  cautions t h a t  should be observed are: 

(1) A l l  con t ro l  scenarios should be t rea ted  i n  the same manner; and (2) cost  
elements t h a t  vary r a d i c a l l y  between cost  scenarios should not  be omitted. 

The general approach f o r  performing each o f  the above steps i s  described 

7.1.1 Select  Control/Cost Scenarios 

P r i o r  t o  the cost  analys is  general con t ro l  measures o r  s t ra teg ies  w i l l  

have been i d e n t i f i e d .  These measures o r  s t ra teg ies  w i l l  f a l l  i n t o  one o f  
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the major classes o f  f u g i t i v e  emission cont ro l  techniques t h a t  were i d e n t i -  

f i e d  i n  Tables 4-1 and 4-2. The f i r s t  step i n  the cost  analys is  i s  t o  se- 

l e c t  a se t  o f  spec i f i c  cont ro l /cost  scenarios from the general techniques. 

The s p e c i f i c  scenarios w i l l  inc lude d e f i n i t i o n  o f  the major cost  elements 
and i d e n t i f i c a t i o n  o f  s p e c i f i c  implementation a l te rna t i ves  f o r  each o f  the 
cost  elements. 

Each o f  the general con t ro l  techniques i d e n t i f i e d  i n  Chapter 4 has 
several major cost  elements. These elements inc lude cap i ta l  equipment e l e -  

ments and operation/maintenance elements. Fo r  example, the major cost  e le- 

ments f o r  chemical s t a b i l i z a t i o n  o f  an unpaved road include: (a) chemical 
acqu is i t ion ;  (b) chemical storage; (c) road preparat ion;  (d) mixing the 
chemical w i t h  water; and (e) app l i ca t i on  o f  the chemical so lu t ion.  The 
f i r s t  step i n  any cost  analys is  i s  d e f i n i t i o n  o f  these major cost  elements. 
Informat ion i s  provided i n  Sect ion 7.2 on the major cost  elements associated 
w i t h  each o f  the general techniques def ined i n  Section 4. 

Fo r  each major cost  element, several implementation a l te rna t i ves  can 

be chosen. Options w i t h i n  each cost  element inc lude such choices as buy- 
i n g  o r  r e n t i n g  equipment; shipping chemicals by r a i l c a r ,  t ruck  tanker, o r  

i n  drums v i a  t ruck ;  a l t e r n a t i v e  sources o f  'power o r  other u t i l i t i e s ;  and 
use of p l a n t  personnel o r  cont ractors  f o r  const ruct ion and maintenance. 
The major cost  elements and the implementation a l te rna t i ves  f o r  each o f  

these elements fo r  the chemical s t a b i l i z a t i o n  example described above are 
ou t l i ned  i n  Table 7-1. 

7.1.2 Develop Capi ta l  Costs 
The c a p i t a l  costs o f  a f u g i t i v e  emissions cont ro l  system are those d i -  

r e c t  and i n d i r e c t  expenses incurred up t o  the date when the cont ro l  system 

i s  placed i n  operation. These c a p i t a l  costs inc lude actual  purchase ex- 
penses f o r  c a p i t a l  equipment, labor  and u t i l i t y  costs associated w i t h  i n -  
s t a l l a t i o n  o f  the  cont ro l  system, and system s tar t -up  and shakedown costs. 
I n  general, d i r e c t  c a p i t a l  costs are the costs o f  con t ro l  equipment and the 
labor ,  mater ia l ,  and u t i l i t i e s  needed t o  i n s t a l l  the equipment. I n d i r e c t  

costs are ove ra l l  costs t o  the f a c i l i t y  incurred by the system bu t  not d i -  
r e c t l y  a t t r i b u t a b l e  t o  speci f i c equipment i tems. 
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TABLE 7-1. IMPLEMENTATION ALTERNATIVES FOR STABILIZATION OF AN UNPAVED ROAD 

Cost elements Implementation a l te rna t i ves  

I. Purchase and ship chemical A. 

B. 

C. 

A. 11. Store chemical 

111. Prepare road 

B. 

A. 

I V .  

V. 

B. 

C. 

Mix chemical and water i n  A. 
app l i ca t ion  t ruck  

B. 

Apply chemical so lu t i on  v i a  A. 
surface spraying 

B. 

Ship i n  r a i l c a r  tanker (11,000- 
22,000 gal/tanker 

Ship i n  t ruck  tanker (4,000- 
6,000 gal / tanker)  

Ship i n  drums v i a  t ruck  (55 ga l /  
drum) 

S t o r e  on p l a n t  proper ty  
1. I n  new storage tank 
2. I n  e x i s t i n g  storage tank 

a. Needs re fu rb i sh ing  
b. Needs no re fu rb i sh ing  

3. I n  r a i l c a r  tanker 
a. Own r a i l c a r  
b. Pay demurrage 

4. I n  t ruck  tanker 
a. Own t ruck  
b: Pay demurrage 

5. I n  drums 

Store i n  contractor  tanks 

Use plant-owned grader t o  mini-  
mize r u t s  and low spots 

Rent contractor  grader 

Perform no road preparat ion 

Put chemical i n  spray t ruck  
1. Pump chemical from storage 

2. Pour chemical f r o m  drums i n t o  

tank o r  drums i n t o  appl ica- 
t i o n  t ruck  

app l ica t ion  t ruck ,  genera l ly  
using f o r k l i f t  

Put water i n  app l i ca t i on  t r u c k  
1. Pump from r i v e r  o r  lake 
2. Take from c i t y  water l i n e  

Use p l a n t  owned app l ica t ion  t ruck  

Rent contractor  app l i ca t i on  t r u c k  
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D i r e c t  costs cover the purchase o f  equipment and a u x i l i a r i e s  and the 

costs o f  i n s t a l l a t i o n .  These costs inc lude system instrumentat ion and i n -  

terconnect ion o f  the system. Capi ta l  costs a lso inc lude any cost  o f  s i t e  

development necessi tated by the cont ro l  system. For example, i f  a f a b r i c  

f i l t e r  on a capture /co l lec t ion  system requi res an access road f o r  removal 

of the co l l ec ted  dust, t h i s  access road i s  included as a cap i ta l  expense. 

The types o f  d i r e c t  costs t y p i c a l l y  associated w i t h  f u g i t i v e  emissions con- 
t r o l  systems i nc l  ude: 

Equipment costs e 

Equipment i n s t a l  l a t i o n  e 

Instrumentat ion e 

Duct work e 

Pip ing e 

E l e c t r i c a l  e 

S i t e  development 0 

Bui 1 dings 

Pai n t i  ng 

I n s u l a t i o n  

St ruc tura l  support 

Foundations 

Supporting admin is t ra t i ve  s t ructures 

Control panels 

Access roads o r  walkways 

I n d i r e c t  costs cover the expenses no t  a t t r i b u t a b l e  t o  spec i f i c  equip- 

ment items. Items i n  t h i s  category are described below1: 

1. 

2. 

Engineering costs - includes admin is t ra t ive,  process, p ro jec t ,  
and general; design and re la ted  funct ions f o r  spec i f i ca t ions ;  b i d  
analys is ;  special  studies;  cost  analysis;  accounting; repor ts ;  
purchasing; procurement; t r a v e l  expenses; l i v i n g  expenses; expe- 
d i t i n g ;  inspect ion;  safety;  communications; modeling; p i l o t  p l a n t  
studies;  r o y a l t y  payments dur ing construct ion;  t r a i n i n g  o f  p l a n t  
personnel ; f i e l d  engi neer i  ng; safety  engineering; and consul tant  
serv i  ces. 

Construct ion and f i e l d  expenses - includes costs f o r  temporary 
f i e l d  o f f i c e s ;  warehouses; c r a f t  sheds; f a b r i c a t i o n  shops; mis- 
cellaneous bui ld ings;  temporary u t i l i t i e s ;  temporary san i ta ry  
f a c i l i t i e s ;  temporary roads; fences; park ing l o t s ;  storage areas; 
f i e l d  computer services; equipment f u e l  and lubr ican ts ;  mobil i za-  
t i o n  and demobi l izat ion;  f i e l d  o f f i c e  supplies; telephone and t e l -  
egraph; t ime-clock system; f i e l d  supervision; equipment ren ta l ;  
small t o o l s ;  equipment repa i r ;  scaf fo ld ing;  and f r e i g h t .  
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3. Contractor 's  fee - includes costs f o r  f i e l d - l a b o r  pay ro l l ;  super- 
v i s i o n  f i e l d  o f f i c e ;  admin is t ra t i ve  personnel ; t r a v e l  expenses; 
permits; l icenses; taxes; insurance; f i e l d  overhead; lega l  l i a b i l -  
i ti es ; and 1 abor re1 a t i  ons. 

4. Shakedown/startup - includes costs associated w i t h  system s ta r tup  
and shakedown. 

5. Contingency costs - the excess account se t  up t o  deal w i t h  uncer- 
t a i n t i e s  i n  the cost  estimate, i nc lud ing  unforeseen esca la t ion  i n  
p r ices ,  malfunctions, equipment design a l te ra t i ons ,  and s i m i l a r  
sources. 

The values f o r  these items w i l l  vary depending on the s p e c i f i c  opera- 

t i o n s  t o  be con t ro l l ed  and the types o f  con t ro l  systems used. Typical  

ranges f o r  i n d i r e c t  costs based on the t o t a l  i n s t a l l e d  cost  o f  the c a p i t a l  

equipment are shown i n  Table 7-2. 

TABLE 7-2. TYPICAL VALUES FOR INDIRECT CAPITAL COSTS1 

Cost i tem Range o f  values 

Engi neer i  ng 

Construction and 
f i e l d  expenses 

Contractor 's  fee 

Shakedown/startup 

Contingency 

8 t o  20% o f  i n s t a l l e d  cost. 
value f o r  small p ro jec ts ;  l o w  value f o r  
la rge  pro jec ts .  

High 

7 t o  70% o f  i n s t a l l e d  cost. 

10 t o  15% o f  i n s t a l l e d  cost. 

1 t o  6% o f  i n s t a l l e d  cost.  

10 t o  30% o f  t o t a l  d i r e c t  and i n d i r e c t  
costs dependent upon accuracy o f  e s t i -  
mate. Generally, 20% i s  used i n  a 
study estimate. 

7.1.3 Determine Annualized Costs 

The most common basis f o r  comparison o f  a l t e r n a t i v e  cont ro l  system 

i s  t h a t  o f  annualized cost. The annualized cos t  o f  a f u g i t i v e  emission 
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control system includes operating costs such as labor, materials, utilities, 
and maintenance items as well as the annualized cost of the capital equip- 
ment. The annualization of capital costs is a classical engineering eco- 
nomics problem, the solution of which takes into account the fact that 
money has time value. 
rate paid on borrowed money or collectable by the plant as interest (if 
available capital is used), the useful life of the equipment and deprecia- 
tion rates of the equipment. 

The components of the annualized cost of implementing a particular con- 
trol technique are depicted graphically in Figure 7-1. Purchase and instal- 
lation costs include freight, sales tax, and interest on borrowed money. 
The operati on and mai ntenance costs ref 1 ect i ncreasi ng frequency of repai r 
as the equipment ages along with increased costs due to inflation for parts, 
energy, and labor. On the other hand, costs recovered by claiming tax cre- 
dits or deductions are considered as income. Mathematically the annualized 
costs of control equipment can be calculated from: 

These annualized costs are dependent on the interest 

Ca = CRF (C ) + Co + 0.5 Co P 
where: 

(7-2) 

Ca 
CRF = Capital Recovery Factor (l/year) 

= annualized costs of control equipment ($/year) 

= installed capital costs ($) 

= direct operating costs ($/year) 
cP 

Co 
0.5 = plant overhead factor 

The various components of this equation are briefly described below. 

tal recovery factor (CRF). The capital recovery factor combines interest 
on borrowed funds and depreciation into a single factor. It is a function 
of the interest rate and the overall life of the capital equipment and can 
be estimated by the following equation: 

The annualized cost of capital equipment is calculated by using a capi- 
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n i(1 + i) 
(1 + i)" - 1 

CRF = (7-3) 

where: 

i = i n t e r e s t  r a t e  (annual % as a f rac t i on )  

n = economic l i f e  o f  the cont ro l  system (year) 

The other  major components o f  the annualized cost  are operat ion and 

maintenance costs ( d i r e c t  operat ing costs) and associated p l a n t  overhead 

costs. Operation and maintenance costs genera l ly  inc lude labor,  raw ma- 

t e r i a l s ,  u t i l i t i e s ,  and by-product costs o r  c r e d i t s  associated w i t h  day- 

to-day operat ion o f  the cont ro l  system. Elements t y p i c a l l y  

t h i s  category are1: 

1. U t i l i t i e s  - includes water f o r  process use and coo 

ncluded i n  

ng; steam; 
e l e c t r i c i t y  t o  operate cont ro l  s ,. fans , motors , pumps , Val ves , and 
l i g h t i n g ;  and f u e l ,  i f  required. 

2. Raw mater ia ls  - includes any chemicals needed t o  operate the 
system. 

3. Operating labor  - includes supervis ion and the s k i l l e d  and un- 
s k i l l e d  labor  needed t o  operate, monitor, and cont ro l  the system. 

4. Maintenance and repa i rs  - includes the manpower and mater ia ls  t o  
keep the  system operat ing e f f i c i e n t l y .  The func t ion  o f  mainte- 
nance i s  both prevent ive and cor rec t ive ,  t o  keep down-time t o  a 
m i  n i  mum. 

5. By-product costs - i n  systems producing a salable product, t h i s  
would be a c r e d i t  f o r  t h a t  product; i n  systems producing a product 
f o r  disposal , t h i s  would be the cost  o f  disposal. 

6. Fuel costs - includes the  incremental cost  o f  the f u e l ,  where more 
than the normal supply i s  used. 

Another component o f  the operat ing cost  i s  overhead, which i s  a busi-  

ness expense no t  charged d i r e c t l y  t o  a p a r t i c u l a r  p a r t  o f  the  process b u t  

a1 1 ocated t o  it. Overhead costs i nc l  ude admin is t ra t i ve  , safety,  engineer- 

ing,  lega l ,  and medical services; p a y r o l l ,  employee benef i t s ;  recreat ion;  
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and p u b l i c  r e l a t i o n s .  

t o  be approximately 50% o f  d i r e c t  opera t ing  costs.  

As suggested by Eq. 7-2, these charges are  est imated 

7.1.4 Calcu late Cost Ef fect iveness 
As discussed i n  t h e  i n t r o d u c t i o n  t o  t h i s  s e c t i o n  t h e  most i n f o r m a t i v e  

method f o r  comparing c o n t r o l  measures o r  c o n t r o l  s t r a t e g i e s  f o r  p a r t i c u l a t e  

f u g i t i v e  emissions sources i s  on a cos t -e f fec t i veness  basis.  

cost-ef fect iveness i s  de f ined as: 

Mathematical ly,  

where: 

C* = cost -ef fect iveness ($/mass o f  emissions reduced) 

Ca 

AR = annual reduc t ion  i n  p a r t i c u l a t e  emissions (masdyear)  

= annual ized cos t  o f  c o n t r o l  equipment ($/year) 

The annual ized cos t  o f  c o n t r o l  equipment can be c a l c u l a t e d  us ing 

Eq. 7-2 .  The annual reduc t ion  i n  p a r t i c u l a t e  emissions can be c a l c u l a t e d  

from the  f o l l o w i n g  equation: 

A R = M e c  (7-4) 

where: 

M = annual source e x t e n t  

e = uncont ro l led  emission f a c t o r  ( i .e . ,  mass o f  uncont ro l led  
emissions p e r  u n i t  o f  source ex ten t )  

c = average c o n t r o l  e f f i c i e n c y  expressed as a f r a c t i o n  

The methodology f o r  c a l c u l a t i n g  annual ized costs  and sources o f  data 

on costs  o f  f u g i t i v e  emissions c o n t r o l  systems are  contained i n  t h i s  sec- 

t i o n .  In fo rmat ion  r e l a t i v e  t o  uncont ro l led  emission f a c t o r s  i s  discussed 

i n  Sect ion 3 and est imates o f  c o n t r o l  e f f i c i e n c i e s  f o r  var ious c o n t r o l  sys- 
tems are  presented i n  Sections 5 and 6. 
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7.2 COST ELEMENTS OF FUGITIVE EMISSIONS CONTROL SYSTEMS 

The cos t  methodology ou t l i ned  i n  Sect ion 7.1 requi res t h a t  the  analyst  

de f ine  and se lec t  a l t e r n a t i v e  cont ro l /cos t  scenarios and develop costs f o r  
the  major cos t  elements w i t h i n  these scenarios. The ob jec t ive  o f  t h i s  sub- 

sec t ion  i s  t o  a s s i s t  the  reader i n  i d e n t i f y i n g  the  implementation a l te rna-  

t i v e s  and major cos t  elements associated w i t h  the  emission reduct ion tech- 
niques i d e n t i f i e d  i n  Sect ion 4. For open dust sources, the  cont ro l  tech- 

niques addressed are: wet dust suppression; surface cleaning; and paving. 

For process f u g i t i v e  sources, the pr imary cont ro l  techniques addressed are: 
wet suppression; capture/co l lect ion;  and plume af ter t reatment .  

Implementation a l te rna t i ves  f o r  open dust source emission cont ro l  mea- 

sures are presented i n  Tables 7-3 through 7-5. 

t a t i o n  a l t e r n a t i v e s  f o r  water and chemical dust  suppressant systems. Table 

7-4 presents a l t e rna t i ves  f o r  three types o f  s t r e e t  c leaning systems--sweeping, 

f lush ing,  and a combination of f l u s h i n g  and broom sweeping. Table 7-5 pre- 

sents a l t e r n a t i v e s  f o r  s t ree ts  o r  park ing l o t  paving. 

Implementation a1 te rna t i ves  f o r  process f u g i t i v e  source cont ro l  mea- 

sures are presented i n  Tables 7-6 through 7-8. Table 7-6 ou t l i nes  a l te rna-  

t i v e s  f o r  wet suppression systems. Table 7-7 presents a l t e rna t i ves  f o r  a 

capture /co l lec t ion  system; these a l te rna t i ves  are appl icable f o r  ac t i ve  en- 

c losures,  capture hoods, and rece iv ing  hoods. Table 7-8 presents implementa- 

t i o n  a l t e r n a t i v e s  f o r  plume a f te r t rea tment  systems. 

the  c a p i t a l  cos t  o f  the  i n s t a l l e d  system and the  operat ing and maintenance 

costs.  The i n d i r e c t  c a p i t a l  costs elements are common t o  a l l  systems and 

were i d e n t i f i e d  i n  Table 7-2. The d i r e c t  c a p i t a l  cos t  elements and d i r e c t  

operat ion and maintenance cos t  elements which are unique t o  each type o f  

f u g i t i v e  emission con t ro l  system are i d e n t i f i e d  i n  Tables 7-9 through 7-14. 

These costs  are prov ided f o r  dust  suppressant programs f o r  open dust sources 

i n  Table 7-9, s t r e e t  c leaning programs i n  Table 7-10, paving i n  Table 7-11, 

wet suppression systems f o r  process sources i n  Table 7-12, capture/col l e c t i o n  
systems i n  Table 7-13, and plume a f te r t rea tment  systems i n  Table 7-14. 

Table 7-3 presents implemen- 

A f t e r  the  con t ro l  scenarios are selected, the  analyst  must estimate 
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TABLE 7-3. IMPLEMENTATION ALTERNATIVES FOR DUST SUPPRESSANTS 
APPLIED TO AN UNPAVED ROAD 

Oust suppressant type 
Program implementation a l te rna t i ve  Ehemicals Yater 

I. Purchase and ship dust suppressant 

A. Ship i n  r a i l c a r  tankar (11,000-22,OOO X 

6. Ship i n  t ruck  tanker (4.000-6.000 gal/ X 

C. Ship i n  drums v i a  t ruck  (55 gal /drm) X 

ga lhanker)  

tanker) 

11. Store dust suppressant 

A. Store on p lan t  property 
1. I n  new storage tank 
2. I n  ex i s t i ng  storage tank 

a. Needs refurb ish ing 
b. Needs no refurb ish ing 

3 .  I n  r a i l c a r  tanker 
a. Own r a i l c a r  
b. Pay demurrage 

4. I n  t ruck tanker 
a. Own t ruck  
b. Pay demurrage 

5. I n  drums 

6. S t o r e  i n  contractor tanks 

111. Prepare road 

A. Use plant-owned grader t o  minimize r u t s  
and low spots 

6. Rent contractor grader 

C. Perform no road preparation 

M i x  dust suppressant/watcr i n  appl icat ion 
t ruck 

A. Put suppressant i n  spray t ruck  
1. 

2. 

I V .  

Pump suppressant from storage tank 
o r  drums i n t o  appl icat ion t ruck 
Pour suppressant from drums i n t o  
appl icat ion truck, general ly using 
f o r k l i f t  

6. Put water i n  appl icat ion t ruck 
1. Pump from r i v e r  o r  lake 
2. Take from c i t y  water l i n e  

Apply suppressant so lu t i on  v i a  surface 
spraying 

V. 

X 

X 

X 

X 

X 

X 
X 

X 

X 

X 

X 
X 

A. Use p lan t  owned appl icat ion t ruck  X X 

6. Rent contractor appl icat ion t ruck  X X 
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TABLE 7-4. IMPLEMENTATION ALTERNATIVES FOR STREET CLEANING 

Program Broor Flushing and 
iml enentati  on a1 t e r n a t i  ve sweeping Flushing broom-sweeping 

I. Acquire f lusher  and d r i ve r  

A. 

B. Rent f lusher  and d r i v e r  

C. Use ex i s t i ng  unpaved road 
watering t ruck  

Acquire broom sweeper and d r i ve r  

A. Purchase broom sweeper and 

Purchase f lusher  and use p lan t  
d r i ve r  

XI. 

use p l a n t  d r i v e r  

B. Rent broom sweeper and d r i v e r  

111. F i l l  f lusher  tank w i t h  water 

X X 

X X 

X X 

X 

X 

A. Pump water from r i v e r  or lake X X 

B. Take water from c i t y  l i n e  X X 

I V .  Maintain purchased f lusher  X X 

V. Maintain purchased broom sweeper X X 

TABLE 7-5. IMPLEMENTATION ALTERNATIVES 
FOR PAVING 

Program implementation a l te rna t i ve  

I .  Excavate ex i s t i ng  surface t o  make way f o r  
base and surface courses 
A. 2-in. depth 
6. 4-in. depth 
C. 6-in. depth 

Fine grade and compact subgrade 

Lay and compact crushed stone base course 
A. 2-in. depth 
B. 4-in. depth 
C. 6-in. depth 

Lay and compact hot mix asphalt (probably 
AClZ0-150) surface course 
A. 2-in. depth 
B. 4-in. depth 
C. 6-in. depth 

XI. 

111. 

I V .  

e 
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TABLE 7-6. IMPLEMENTATION ALTERNATIVES FOR WET SUPPRESSION 

I. Basic design decisions 

A. What type w e t  suppression system w i l l  be used? 
Water spray 
Water/surfactant spray 
Micron-sized foam 

0 Combination system 

B. What sources w i l l  be cont ro l led?  

C. What system layout  w i l l  be used? 

Ind iv idua l  systems f o r  some sources 
Central ized supply w i t h  headers f o r  each source 

11. Construct i  on/ i  ns ta l  1 a t i  on decisions 

A. Who w i l l  i n s t a l l  system? 
Contractor 

0 Plant  personnel 

111. Operational decisions 

A. What i s  the water source? 
Plant  we l ls  
Local surface waters 
City water system 

B. Under what weather condi t ions w i l l  the system be needed? 
Above f reez ing only  
Below f reez ing  

C. How w i l l  r ou t i ne  maintenance be provided? 
Plant  personnel 

0 Maintenance contractor  
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TABLE 7-7. IMPLEMENTATION ALTERNATIVES FOR CAPTURE/ 
COLLECTION SYSTEMS 

I. Basic design decisions 

A. What type hooding system best fits each source? 
Enclosure 
Capture hood 
Receiving hood 

What type of air pollution control device best meets plant needs? 
Cyclone 

0 Wet scrubber 
0 Fabric filter 

How will collected particulate be handled? 
0 Screw conveyor 
0 Pneumatic transport 

Slurry piping 
0 Batch removal 

What system layout will be used? 
0 Multiple collection points ducted to centralized air pollution 

control device 
Dedicated air pollution control devices f o r  each source 
Mixed system 

Who will design the system? 
Outside design o f  total system 
Plant design of system with vendor design o f  individual 
components 

B. 

C. 

0. 

E. 

11. Construction/installation 

A .  Who will install system? 
Plant personnel 

0 Contractor 

Who is responsible for system shakedown/startup? 
0 Plant environmental staff 

Plant operators 
0 Contractor personnel 

B. 

111. Operational decisions (dependent on type o f  system selected) 

A. What electrical source will be used? 
Public utility 

0 Plant power system 

Plant well 
0 Local surface water 
0 Public water system 

0 Plant personnel 
0 Outside contractor 

0 Returned to process 
0 Landfilled 
0 Surface impoundment 

B. What water source will be used? 

C. How will routine maintenance be provided? 

D. How will collected particulate be disposed? 
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TABLE 7-8. IMPLEMENTATION ALTERNATIVES FOR PLUME AFTERTREATMENT 
SYSTEMS 

I. 

11. 

I11 

Basic design decisions 

A. What sources are t o  be cont ro l led?  

B. What i s  the  phys ica l  s ize  o f  the  source and r e s u l t i n g  dust 
p l  ume? 

C. I s  the area shel tered from wind o r  cross d r a f t s  such t h a t  
a f ter t reatment  can be e f f e c t i v e l y  appl ied? 

D. 

E. 

How many foggers o r  nozzles are t o  be used and where are 

How w i l l  water and e l e c t r i c  power be suppl ied t o  un i t (s)? 
0 Central system 

Separate l ine(s )  from m u l t i p l e  sources 

they t o  be posi t ioned? 

Construction/installation decisions 

A. Who w i l l  i n s t a l l  system? 
0 Contractor 

P lant  personnel 

Operational decisions 

I 

A. What i s  the water source? 
0 Plant  we l ls  
0 Local surface waters 
0 City water system 

B. What e l e c t r i c a l  source w i l l  be used? 
0 Publ ic  u t i l i t y  
0 Plant  power 

C. Under what weather condi t ions w i l l  the  system be needed? 
0 Above f reez ing only  

Below f reez ing 

D. How w i l l  r ou t i ne  maintenance be provided? 
0 Plant  personnel 
0 Maintenance contractor  
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t 
TABLE 7-9. CAPITAL EQUIPMENT AND O&M EXPENDITURb 

ITEMS FOR DUST SUPPRESSANT SYSTEMS 
(OPEN SOURCES) 

C 

t 

Capital equipment 

Storage equipment 
Tanks 
Rai 1 car 
Pumps 
Piping 

Application equipment 
Trucks 
Spray system 
Pi pi ng (i ncl udi ng wi nteri zi ng) 

O&M expenditures 

Utility or fuel costs 
Water 
E 1 ectri ci ty 
Gasoline or diesel fuel 

Supplies 
Chemicals 
Repair parts 

Labor 
Application time 
Road conditioning 
System maintenance 

a Not all items are necessary for all systems. 
Specific items are dependent on the control 
scenario selected. 
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TABLE 7-10. CAPITAL EQUIPMENT AND O&M 
EXPENDITURE ITEMS FOR 
STREET CLEANING 

Capital equipment 

Sweeping 
Broom 
Vacuum system 

0 Flushing 
Piplng 
Flushing truck 
Water pumps 

Ow axpendi tures 

Utility and fuel costs 
Water 
Gasoline or diesel fuel 

Replacement brushes 

Sweeping or flushing operation 
Truck maintenance 

Supplies 

0 Labor 

Waste disposal 

TABLE 7-11. CAPITAL EQUIPMENT AND O&M 
EXPENDITURE ITEMS FOR 
PAV I NG 

Capital equipment 

0 Operating equipment 
Graders 
Paving application equipment 
Materials 
Paving material (asphalt or concrete) 
Bare material 

(UW expenditures 

Supplies 

Labor 

Patching material 

Surface preparation 
Paving 
Road Mi ntcnance 
Equipment maintenance 
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TABLE 7-12. CAPITAL EQUIPMENT AND O&M EXPENDITURE 
ITEMS FOR WET SUPPRESSION 
SYSTEMS (PROCESS SOURCES) 

Capi ta l  equipment 

0 Water spray systems 
Supply Pumps 
Nozzles 
Pip ing ( i nc lud ing  w in te r i za t i on )  
Control system 
F i  1 t e r i  ng u n i t s  

A i r  compressor 
Mix ing tank 
Metering o r  p ropor t ion ing  u n i t  
Surfactant storage area 

Water/surfactant and foam systems only  

O&M expenditures 

0 U t i l i t y  costs 
Water 
E l e c t r i c i t y  

0 Supplies 
Surf  actant  
Screens 

Labor 
Maintenance 
Operation 
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TABLE 7-13. CAPITAL EQUIPMENT AND O&M EXPENDI- 
TURE ITEMS FSR CAPTURE COLLEC- 
TION SYSTEMS 

Capital equipment 

0 Dust collector 
Baghouse or scrubber 
Concrete work 
Dust removal system 
Control instrumentation 
Monitoring instrumentation 

0 Hood(s) 

Ventilation system 
Fan 
Electrical wi ri ng 
Ductwork 
Concrete support work 
Damper system 
Expansion joints 

0 Dust storage system 

O&M expenditures 

Utilities 
Electricity 
Water 

0 Supplies 
Replacement bags 
Fan motors 
Chemical additives for scrubber 

Labor 
System operation 
Control device maintenance and cleaning 
Ductwork maintenance 

0 Disposal of collected particulate 

a Specific items included will depend on the 
control scenario selected. 
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TABLE 7-14. CAPITAL AND 081M EXPENDITURES FOR PLUME 
AFTERTREATMENT SYSTEMS 

Capi ta'l equipment: 

0 Fogging or spray heads (nonelectrostatic) 
Atomizers 
Supply Pumps 
Plumbing (including weatherization) 
Water f i 1 ters 
Flow control system 

Electrostatic foggers or spray nozzles 
Atomizer(s) and high voltage power supply 
Water pumps and plumbing (including weatherization) 
Water filters 
Flow control system 
Power lines and electric utilities 

O&M expenditures: 

0 Utility costs 
Water 
Electricity 

0 Supplies 
Antifreeze agent(s) 
Screens 
Replacement electrodes (if applicable) 

Labor 
Operati on 
Maintenance 
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7.3 SOURCES OF COST DATA 

C o l l e c t i o n  o f  t h e  data t o  conduct a c o s t  ana lys is  can sometimes be 

d i f f i c u l t .  I f  a w e l l  def ined system i s  be ing costed, t h e  bes t  sources o f  

accurate c a p i t a l  costs  are vendor estimates. However, i f  t h e  system i s  n o t  

s u f f i c i e n t l y  def ined t o  develop vendor est imates,  publ ished c o s t  data can be 
used. Table 7-15 presents sources of c o s t  data f o r  bo th  open dust  and pro- 

cess f u g i t i v e  emissions c o n t r o l  systems. The f i r s t  t h r e e  i tems r e l a t e  p r i -  

m a r i l y  t o  open dust  c o n t r o l  systems w h i l e  t h e  l a s t  t h r e e  references can be 

used t o  est imate component costs  f o r  bo th  open dust  and process f u g i t i v e  

emissions c o n t r o l  systems. 

l a r s .  

the  most probable c a p i t a l  investments f o r  a c u r r e n t  t ime and can be con- 
s i s t e n t l y  compared. Cap i ta l  c o s t  ind ices  are  t h e  techniques used f o r  

updat ing costs. 

a l l  costs w i thout  having t o  complete in-depth s tud ies  o f  i n d i v i d u a l  c o s t  

elements. Ind ices  t h a t  t y p i c a l l y  are used f o r  updat ing c o n t r o l  system 

costs are the  Chemical Engineer ing P lan t  Cost Index, t h e  Bureau o f  Labor 

S t a t i s t i c s  Metal F a b r i c a t i o n  Index, and t h e  Commerce Department Monthly 
Labor Review. 

Of ten publ ished c o s t  est imates are based on d i f f e r e n t  t ime-valued do l -  

These est imates must be adjusted f o r  i n f l a t i o n  so t h a t  they r e f l e c t  

These ind ices  prov ide  a general method f o r  updat ing over- 

Operation and maintenance c o s t  est imates t y p i c a l l y  are based on vendor 

o r  i n d u s t r y  experience w i t h  s i m i l a r  systems. 

rough est imates can be developed from sources 3 and 6 i n  Table 7-15. 
I n  t h e  absence o f  such data, 

REFERENCES FOR SECTION 7 

1. PEDCo Environmental, Inc .  Cost Analys is  Manual f o r  Standards Support 
Document. U. S. Environmental P r o t e c t i o n  Agency. November 1978. 
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TABLE 7-15. PUBLISHED SOURCES OF FUGITIVE EMISSION CONTROL 
SYSTEM COST DATA 

1. 

2. 

3. 

4. 

5. 

6. 

Cuscino, Thomas, Jr., Gregory E. Muleski, and Chatten Cowherd, Jr. 
I r o n  and Steel  P lan t  Open Source Fug i t i ve  Emission Control Evaluation. 
EPA-600/2-83-110, NT IS  No. PB84-110568, U. S. Environmental Pro tec t ion  
Agency, Research Tr iang le  Park, NC , October 1983. 

Muleski, Gregory E., Thomas Cuscino, Jr. , and Chatten Cowherd, Jr. 
Extended Eva1 ua t ion  o f  Unpaved Road Dust Suppressants i n  the  I r o n  
and Steel  Indust ry .  EPA-600/2-84-027, NT IS  No. PB84-154350, U.S. 
Environmental Pro tec t ion  Agency, Research Tr iang le  Park, NC, February 
1984. 

Cuscino, Thomas, Jr. Cost Estimates f o r  Selected Dust Controls Ap- 
p l i e d  t o  Unpaved and Paved Roads i n  I r o n  and Steel Plants. EPA Con- 
t r a c t  No. 68-01-6314, Task 17, U. s. Environmental Pro tec t ion  Agency, 
Region V, Chicago, I l l i n o i s ,  A p r i l  1984. 

Richardson Engineering Services, Inc.  The Richardson Rapid Constr'uc- 
t i o n  Cost Est imat ing System: Volume I - Process P lan t  Construct ion 
Est imat ing Standards. 1983-84 Ed i t ion .  

Robert Snow Means Company, Inc.  Bu i l d ing  Construct ion Cost Data. 
1979. 

Never i l  , R. V. Capi ta l  and Operating Costs o f  Selected A i r  P o l l u t i o n  
Control  Systems. EPA-450/5-80-002. GARD , Inc.  , December 1978. 
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As ou t l i ned  i n  the  previous sections, development of a f u g i t i v e  emis- 
sions cont ro l  s t ra tegy  f o r  an i n d u s t r i a l  f a c i l i t y  can be accomplished 

through a f i v e  step process. These f i v e  steps are: 

Step 1: I d e n t i f y  and c l a s s i f y  a l l  f u g i t i v e  sources. 

Step 2: 

Step 3: I d e n t i f y  con t ro l  a1 te rna t ives .  

Step 4: Estimate con t ro l  system performance. 

Step 5: Estimate cont ro l  costs and cost-ef fect iveness. 

Prepare an emissions inventory.  

This sec t ion  w i l l  i l l u s t r a t e  those f i v e  steps f o r  a hypothet ica l  300-ton/hr 
rock crushing p lan t .  As shown i n  Figure 8-1, the f a c i l i t y  includes a p r i -  
mary, secondary, and t e r t i a r y  crusher, and associated mater ia ls  s iz ing ,  
handling, and storage f a c i l i t i e s .  The fo l l ow ing  subsections describe the 
cont ro l  s t ra tegy eva lu t ion  f o r  t h i s  f a c i l i t y .  

8.1 IDENTIFY/CLASSIFY FUGITIVE EMISSION SOURCES 

The f u g i t i v e  p a r t i c u l a t e  emission sources f o r  t h i s  f a c i l i t y  are i d e n t i -  
f i e d  schematical ly i n  Figure 8-1. They include: 

A pr imary crusher; 

A secondary crusher; 

A t e r t i a r y  crusher; 

Two screens; 
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A truck dump station; 

0 Six conveyor transfer points; 

0 Vehicular traffic on unpaved haul road between the quarry and the 
pl ant; 

0 Windblown emissions from product storage; 

0 A front-end loader for loadout of customer trucks; and 

0 Vehicular traffic on a paved road between the loadout area and the 
property line. 

These sources are consistent with those identified for the minerals products 
industry in Table 2-1 and the general open dust sources in Table 2-2. 

8.2 PREPARE EMISSIONS INVENTORY 

Calculation of the estimated emission rate for a given source requires 
data on source extent, uncontrolled emission factor, and control efficiency. 
The mathematical expression for this calculation is as follows: 

R = M e (1 - c) 
where: 

R = estimated mass emission rate 

M = source extent 

e = uncontrolled emission factor (i.e., mass of uncontrolled 
ons per unit of source extent) 

onal efficiency of control 

emi ss 

c = fract 

For this plant we assume that the initial control efficiency for all sources 
is 0%. The uncontrolled emission factors for the five open dust sources 
and the 11 process sources as well as the required source extents are pre- 
sented below. 
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8.2.1 Unpaved Haul Road 

Reference 1 i s :  

The uncontro l led emission f a c t o r  f o r  unpaved roads as presented i n  

where: 

k = p a r t i c l e  s ize  m u l t i p l i e r  (dimensionless) 

s = s i l t  content o f  road surface mater ia l  (%) 

S = mean veh ic le  speed (mph) 

W = mean veh ic le  weight (tons) 

w = mean number o f  wheels 

p = number o f  days w i t h  a t  l e a s t  0.01 i n .  o f  p r e c i p i t a t i o n  per  year 

P lan t  data requi red t o  ca lcu la te  the  emission f a c t o r  are s i l t  content, ve- 

h i c l e  speed, mean veh ic le  weight, and mean number o f  wheels. These are 
taken from the hypothet ica l  p l a n t  data presented i n  Table 8-1. 

from Reference 1, the  r e s u l t a n t  emission f a c t o r  f o r  the  haul road i s :  

Using the  p a r t i c l e  s ize  m u l t i p l i e r  f o r  TSP and p r e c i p i t a t i o n  frequency 

0.7 0.5 
e = 0.8(5.9) (g) (8) ($) ($) (36zii40) 

= 8.86 lb/VMT 

where: 

k = 0.80 f o r  p a r t i c l e s  5 30 pmA (see Reference 1) 

s = 7.3% (given i n  Table 8-1) 

S = 20 mph (given i n  Table 8-1) 

W = 40 tons (given i n  Table 8-1) 

w = 6 (given i n  Table 8-1) 

p = 140 (see Reference 1, as app l ied  t o  lower Great Lakes) 
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TABLE 8-1. PLANT AND PROCESS DATA FOR 
HYPOTHETICAL FACILITY 

PROCESS OPERATION - 
Operating rate:  150 ton/hr 
Operating hours: 1,920 hr /y r  

HAUL ROAD - 
Average d a i l y  t r a f f i c  = 100 vehicles/daya 
Average veh ic le  weight = 40 tons 
Average number o f  veh ic le  wheels = 6 
Average veh ic le  speed = 20 mph 
Roadway length = 6.3 miles 
Roadway width = 30 f t  
Roadway s i l t  content = 7.3% 

TRUCK DUMP - 
Mater ia l  s i l t  content = 0.5% 
Mean wind speed = 5 mph 
Drop height  = 10 f t  
Mater ia l  moisture content = 2% 
Average t ruck  capaci ty  = 16 yd3 

STORAGE PILE - 
Storage p i l e  s i l t  content = 2.2% 
Storage p i l e  s ize  = 0.5 acre 

FRONT-END LOADER - 
Aggregate s i l t  content = 1.6% 
Man wind speed = 5 mph 
Drop height  = 5 f t  
Aggregate moisture content = 2% 
Loader dumping capaci ty  = 3 yd3 

CUSTOMER TRAFFIC - 
Road augmentation f a c t o r  = 1 
No. o f  t r a v e l  lanes = 2 
Surface s i l t  content = 6% 
Surface dust loading = 1,000 l b / t i l e  
Average veh ic le  weight = 30 tons 
Roadway length = 0.5 mi les 
Average d a i l y  t r a f f i c  = 120 vehicles/day d 

a 50 round t r i p s  per  day. 

Tare + load + 2 = 28 + 24/2 = 40 tons. 

Tare + load + 2 = 20 + 20/2 = 30 tons. 

60 round t r i p s  per  day. 
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8.2.2 Truck Dumping 

uncontrol led emission fac to r  from Reference 1 i s :  

The t ruck  dump can be considered as a batch drop operation. Thus, the 

e = k(0.0018) (1 b/ton) (8-3) 

where: 

k = p a r t i c l e  s ize  m u l t i p l i e r  (dimensionless) 

s = mater ia l  s i l t  content (%) 

U = mean wind speed (mph) 

H = drop height  (ft) 

M = mater ia l  moisture content (%) 

Y = dumping device capaci ty (yd3) 

Using the m u l t i p l i e r  f o r  TSP and the data shown i n  Table 8-1, the uncon- 

t r o l l e d  emission f a c t o r  f o r  the t ruck  dump would be: 

e = 0.77 (0.0018) ($ (L5)0*33 

= 0.00020 lb / ton  

where: 

k = 0.77 f o r  p a r t i c l e s  5 30 pmA (see Reference 1) 

s = 0.5% (given i n  Table 8-1) 

U = 5 mph (given i n  Table 8-1) 

H = 10 f t  (given i n  Table 8-1) 

M = 2% (given i n  Table 8-1) 

Y = 16 yd3 (given i n  Table 8-1) 
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8.2.3 Storage Pi le  

i n  Reference 1 is: 
The TSP emission factor f o r  wind erosion from storage p i les  as given 

365 p 
e = 1.7  (&) ( 23; ) (6) (lb/acre/day) (8-4) 

where: 

s = s i l t  content (%) 

p = number of days w i t h  2 0 . 0 1  i n .  of precipitation per year 

f = percentage of time the unobstructed wind speed exceeds 12  mph 

Using the data on s i l t  content and estimates of p and f from Reference 1, 
the resultant TSP emission factor is: 

= 3.2 lb/acre/day 

where: 

s = 2.2% (Table 8-1) 

p = 140 (Reference 1) 

f = 20 (estimate) 

8.2.4 Front-End Loader 
For operati on of the f ront-end 1 oader , the appropriate uncontrol 1 ed 

emission factor  presented i n  Reference 1 is: 

where: 

k = par t ic le  size multiplier (dimensionless) 
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s = mater ia l  s i l t  content (%) 

U = mean wind speed (mph) 

H = drop height  ( f t )  

M = mater ia l  moisture content (%) 

Y = dumping device capaci ty (yd3) 

Again, using the  p a r t i c l e  s ize  m u l t i p l i e r  f o r  TSP and the  operat ional  i n f o r -  
mation provided i n  Table 8-1, the  appl icable emission f a c t o r  i s :  

e = 0.73 (0.0018) 
($)* (;)0'33 

= 0.000529 l b / t on  

where: 

k = 0.73 f o r  p a r t i c l e s  5 30 pmA (see Reference 1) 

s = 1.6% (see Table 11.2.3-1 o f  Reference 1 f o r  crushed limestone) 

U = 5 mph (given i n  Table 8-1) 

H = 5 f t  (given i n  Table 8-1) 

M = 2% (given i n  Table 8-1) 

Y = 3 yd3 (given i n  Table 8-1) 

8.2.5 Customer T r a f f i c  

f a c t o r  f o r  i n d u s t r i a l  paved roads provided i n  Reference 1 i s :  

F i n a l l y ,  f o r  customer t r a f f i c  i n  the  p lan t ,  the  uncontro l led emission 

where: 

k = p a r t i c l e  s ize  m u l t i p l i e r  (dimensionless) 

I = i n d u s t r i a l  augmentation f a c t o r  (dimensionless) 
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n = number of t r a f f i c  lanes (dimensionless) 

s = surface mater ia l  s i l t  content (%) 

L = surface dust loading ( lb/mi le)  

W = average veh ic le  weight (tons) 

From the data shown i n  Table 8-1, the emission f a c t o r  f o r  TSP would be: 

= 0.466 1 b/VMT 

where: 

k = 0.86 f o r  p a r t i c l e s  5 30 pmA (see Reference 1) 

I = 1 f o r  a l l  vehic les t r a v e l i n g  on paved surfaces (see Reference 1, 

n = 2 (given i n  Table 8-1) 

s = 6% (given i n  Table 8-1) 

L = 1,000 l b /mi le  (given i n  Table 8-1) 

W = 30 tons (given i n  Table 8-1) 

p.  11.2.6-2) 

8.2.6 Process Sources 
The emission factors  f o r  the  process sources, based on data i n  Refer- 

ence 1, are: 

Primary crushing: 0.28 l b / ton  

Secondary crushing: 0.28 l b / ton  

T e r t i a r y  crushing: 1.85 l b / ton  

Screening: 0.16 1 b/ton/screen 

Conveyor t rans fer :  0.0034 1 b/ ton/ t ransfer  p o i n t  

8.2.7 Source Extents 
The data i n  Table 8-1 can be used t o  ca lcu la te  the fo l l ow ing  source 

extents: 

147 



Haul road t r a f f i c :  

= 151,000 VMT/yr da s vehic les 
M = 240 $& x 100 day 6.3 veh ic le  

Truck dump: 

tons tr i s da s tons - 288,000 - 
M = 5 0 J ~ 2 4 0 $ & X  day 2 4 t r i p -  Y r  

Storage p i  1 es: 

M = 0.5 acre x 365 day/yr 
= 182 acre day/yr 

Front-end loader: 

tons tons = 288,000 - vehic les 240 days 20 
day Y r  veh ic le  Y r  M = 60 

I n -p lan t  t r a f f i c :  

VMT vehic les 240 o.5 mi’es = 14,400 - 
day Y r  veh ic le  Y r  M = 120 

Process sources: 

M = 150 tons/hr x 1,920 h r / y r  
= 288,000 tons/yr 

8.2.8 Tota l  P lan t  Emissions 
The above data on source extents and emission fac to rs  c n b, ub 

t u t e d  i n t o  Eq. 8 -1  t o  ob ta in  the  fo l l ow ing  emissions inventory  f o r  the  
t h e t i c a l  p lan t :  

TSP emissions 
Source ( tondyear )  

Haul road t r a f f i c  
Truck dump 
Storage p i l e  eros ion 
Front  loader 
Customer t r a f f i c  
Primary crushing 
Secondary crushing 
T e r t i a r y  crushing 
Screens 
Transfers 

TOTAL 

669 
0.029 
0.29 
0.076 
3 

40 
40 
266 
46 

3 
1 , 067 

ti- 

hypo- 
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8.3 IDENTIFY CONTROL ALTERNATIVES 

Based on the above emissions inventory, the primary focus of control 
should be vehicular traffic and certain process fugitive sources (primarily 
secondary and tertiary crushing and screening operations). The information 
in Tables 4-1 and 4-2 can be used to assist in identifying control alterna- 
ti ves. 

Table 4-1 suggests that three methods can be used to control emissions 
from unpaved roads--wet suppression, chemical stabilization, and physical 
stabilization. For this hypothetical example, chemical stabilization was 
selected as the most feasible means. Wet suppression was rejected because 
of the difficulty in maintaining watering systems over relatively long 
stretches of roads i n  rural areas. Chemical rather than physical stabil- 
ization was selected because of the temporary nature of the facility. 

The two principal means of controlling emissions from crushing and 
screening operations are wet suppression and capture hoods with an asso- 
ciated air pollution control device. Wet suppression was selected as the 
preferred control because of difficulties associated with the operation and 
maintenance of capture/collection systems on mobile crushed stone facilities. 

8.4 ESTIMATE CONTROL EFFICIENCIES 

Based on available performance data, a petroleum based resin was se- 
lected for chemical dust suppression on the unpaved road. The data in 
Table 5-2 suggest that control efficiencies of about 90% can be achieved 
over short to moderate duration with such vehicles. In fact, an average 
TSP control efficiency of 90% can be achieved for up to about 5,000 vehicle 
passes. 

Only limited test data are available on the effectiveness of wet sup- 
pression systems in controlling emissions from minerals processing opera- 
tions. The data in Table 6-2 indicate that control efficiencies for crush- 
ing operations range from 27% to about 90%. Available data suggest that 
the finer the crushing operation, the lower the efficiency. No control effi- 
ciencies are specified for screens, but those controls should be at least 
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as e f f e c t i v e  as cont ro ls  fo r  t e r t i a r y  crushers. 
the  cont ro l  e f f i c i e n c y  estimates are: 

Based on these l i m i t e d  data, 

Primary crusher: 80% 

Secondary crusher: 65% 

T e r t i a r y  crusher: 50% 

Screens: 50% 

8.5 CALCULATE COST AND COST EFFECTIVENESS 

8.5.1 Chemical S t a b i l i z a t i o n  o f  Unpaved Roads 
The procedure f o r  c a l c u l a t i n g  the  estimated cos t  and the  associated 

cos t  e f fect iveness o f  c o n t r o l l i n g  vehicu lar  emissions by chemical s t a b i l i -  
za t i on  o f  the unpaved haul road a t  the hypothet ica l  p l a n t  i s  as fo l lows.  

Step 1 - Determine the  Times Between Appl icat ions and the  App l ica t ion  In- 
t e n s i t y  

The vehic le  and road cha rac te r i s t i cs  l i s t e d  i n  Table 8-1 are s i m i l a r  t o  
those i n  the footnotes o f  Table 2-1 o f  Reference 2. 
ca t i on  parameters are taken from Table 2-1 o f  Reference 2: 

The fo l l ow ing  app l i -  

I n i t i a l  app l i ca t i on  i n t e n s i t y  = 0.83 gal .  o f  20% solut ion/yd2 

Reappl icat ion i n t e n s i t y  = 1.0 gal .  o f  12% solution/yd2 

App l ica t ion  frequency = once every 55 days 

Step 2 - Calculate the Number o f  Annual Appl icat ions Necessary and Number 
o f  Treated Mi les 

365 da s/ r 
NO. o f  annual appl i c a t i  ons = 55 days/apil i:ati on 

= 6.64 appl i c a t i o n d y r  
m i  1 es app l i ca t ions  

6.64 year No. o f  t rea ted  mi les per  year = 6.3 application 

= 42 t rea ted  m i l e d y e a r  
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Step 3 - Select the Desired Program Implementation Plan 
The decision is made to purchase rather than rent equipment. 
tation plan and associated costs are outlined in Table 8-2, Scenario 2. 

The implemen- 

Step 4 - Calculate Total Annual Cost 
To annualize the capital investment, the capital cost shown i n  Table 8-2, 
Scenario 2, is simply multiplied by a capital recovery factor which is cal- 
culated as follows: 

where: 

i = annual interest rate fraction 

n = number of payment years 

Assuming i = 0.15 and n = 10 years, 
0.15 (1.15)1° = o.199 CRF = 
(1.15)1° - 1 

The annual operation and maintenance costs (C,) are calculated as follows: 

Co = $4,785/treated mile x 42 treated miledyear + 

actual miles $630/actual mile x 6.3 year 

= $205,00O/year 

The total annualized cost (C,) is: 

Ca = CRF (C,) + Co + 0.5(C0) 

= (0.199) (105,000) + 205,000 + 0.5 (205,000) 

= $328,000 

Because the costs in Table 8-2 are based on a road width of 40 ft, it is 
necessary to scale total cost by actual road width o f  30 ft: 

30 ft Actual total annualized cost = $328,00O/year x 

= $246,00O/year 
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TABLE 8-2. COST COMPARISON FOR TWO SELECTED IMPLEMENTATION SCENARIOS 

A l te rna t i ve  approach 

cos t  

i nvestment $/Treated $/Actual 
Capi ta l  U n i t  O&M costa 

(16) m i l e  m i l e  

1. Purchase chemical and sh ip i n  t ruck  

2. Store i n  cont rac tor  tank 
3. 

4. 
5. Rent contractor  t ruck  ( includes 

tanker 

Rent contractor  grader t o  prepare 
road 
Take water from c i t y  l i n e  

labor  t o  pump water and chemical 
and apply so lu t ion)  

Scenario 2 - Buy equipment where poss ib le  

4,650 

140 
1,200 

20 
500 

0 5,310 1,200 

1. Purchase chemical and sh ip i n  t r u c k  4,650 

2. Store i n  newly purchased storage 30,000 

3. 

4. Pump water from r i v e r  o r  lake  5,000 
5. Apply chemical w i t h  p l a n t  owned 70,000 

tanker 

tank 
Prepare road w i t h  p l a n t  owned 
grader 

app l i ca t i on  t r u c k  ( includes labor  
t o  pump water and chemical and 
apply so lu t ion)  

105,000 4,785 

630 

13 5 

P1 ant  overhead costs are included. a 
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Step 5 - Calculate Cost-Effectiveness (C*> 

Cost-effectiveness i s  defined as: 
r- 

where: 

Ca = to ta l  cost  from Step 4 

AR = reduction i n  TSP emissions; i .e .  , the product of the uncontrolled 
emission ra te  and the fractional efficiency of control 

c* = $246 , 000/year 
669 ton/year x 0.9 

= $409/ton of TSP emissions reduced by chem 
unpaved roads 

cal stab l izat ion of 

8.5 .2  Wet Suppression o f  Crushing and Screening Operations 

o f  wet suppression applied t o  materials handling a t  the hypothetical plant 
i s  as follows: 

The procedure for  calculating the estimated cost  and cost-effectiveness 

Step 1 - Select the Desired Program Implementation Plan 

The elements of the program implementation plan are  as follows: 

1. Sprays are  used a t  one primary, one secondary, and one t e r t i a r y  
crusher, the truck dump t o  the primary crusher, two screens, and 
six conveyor t ransfer  p o i n t s .  

A centralized system w i t h  an industrial  water supply i s  used. 2. 

3. Winterizing equipment i s  required. 

4. The process operates 40 hr/week, 48 weekdyear, and because of op- 
erating conditions, the control equipment i s  operated 80% of the 
time t h a t  the process operates. 

Step 2 - Calculate Capital Costs 

The capital  costs ( C  ) are  summarized as follows: 
P 
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Equipment I n s t a l  1 a t i o n  Total  
Type o f  equipment cost  ($1 cost  ($) cost  ($1 

Wet suppression system 24 , 520 33 , 830 58 , 350 
Water f i 1 t e r  and f 1 ush 2,970 350 3 , 320 
High pressure system f o r  4 , 630 2 , 290 6,920 

She1 t e r  house 4 , 280 640 4 , 920 
Winter izat ion 3 , 640 3,710 7 , 350 

40 , 040 40 , 820 80 , 860 

t r uck  dump 

Tota l  

Reference 3 was the basis f o r  cap i ta l  costs. 
Ju l y  1974 t o  January 1984 using the CE P lant  Cost Index f o r  Fabricated 
Equipment. 

These costs are updated f rom 

The w in te r i za t i on  cost  was estimated as 10% o f  o ther  cap i ta l  
eq u i pment . 
Step 3 - Calculate Annual Operating Costs 

There are four  categories o f  operat ing costs (C,): 

1. U t i l i t i e s  

E l e c t r i c a l  power - 2,880 kWh/year @ 5.5B/kWh 
Water - 690,000 gal/year @ 106/100 gal.  

2. Maintenance 

Labor - 192 hr/year @ $10/hr 
Mater i  a1 s 

3. Operation 

Labor - 96 hr/year a t  $:lO/hr 
Surfactant 690 gal/year @ $6/gal 

4. Overhead 

Payro l l  (35% o f  labor)  

= $ 160 
690 - - 

= 1,920 
= 1,850 

960 
= 4,140 
- - 

= 1,010 
O f f  i ce/general (40% o f  mai ntenance anL opera i ons) = 3,620 

Total  operat ing costs $14 , 350 

Plant  overhead costs are included i n  t h i s  value. Reference 3 was the basis 
f o r  the u n i t s  o f  operat ing mater ia ls,  u t i l i t i e s  and labor.  The estimated 
average cost o f  e l e c t r i c a l  power f o r  i n d u s t r i a l  users as o f  January 1984 was 
based on Energy Users. The u n i t  cost  f o r  water was an M R I  estimate. The 
estimated hour ly  r a t e  f o r  a laborer  i n  the minerals manufacturing indus t ry  
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i n  January 1984 was based on s t a t i s t i c s  i n  the Monthly Labor Review. Sur- 
f ac tan t  G s t s  were updated f r o m  Ju l y  1974 t o  January 1984 using the CE P lan t  
Cost Index f o r  Pipes, Valves, and F i t t i n g s .  

Step 4 - Calculate Annualized Cost 

The cap i ta l  recovery f a c t o r  i s  given by: 

CRF = [i(l+i)"] / [(l+i)"-~] 

where: 

i = annual i n t e r e s t  r a t e  

n = e f f e c t i v e  l i f e  

Assuming i = 0.15 and n = 10 years, 

CRF = 0.199252 

The annual i zed  costs (C,) are ca lcu la ted  as f o l  lows: 

Ca = CRF (C,) + Co + 0.5(Co) 

where: 

= Capi ta l  investment ($) 
cP 

CRF = Capi ta l  recovery f a c t o r  

Co = Annual operat ing costs ($/yr) 

Subs t i t u t i ng  the  cost  values obtained from Steps 2 and 3, 

Ca = 80,860 (0.199252) + 14,350 + 0.5 (14,350) 

= $37,60O/year 

Step 5 - Calculate Cost-Effectiveness 

Cost-effectiveness i s  def ined as: 

where: 

Ca = t o t a l  cos t  from Step 4 

AR = reduct ion i n  TSP emissions; i .e . ,  the  product o f  uncontro l led 
emission r a t e  and the  f r a c t i o n a l  e f f i c i e n c y  o f  con t ro l  
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The ca lcu lated emissions reduct ions are as follows: 

Primary crusher: (40 tons/yr)(0.80) = 32 
Secondary crusher: (4.0 tons/yr)(O. 65) = 26 
T e r t i a r y  crusher: (266 tons/yr)(0.5) = 133 
Screens : (4.6 tons/yr)(0.5) = - 23 

Tota l  = 214 tons/year 

C* = = $176/ton o f  TSP reduced by wet suppression 
o f  crushing and screening operations 

8.5.3 P lan t  Control Costs and Cost Effect iveness 

are summarized below w i t h  t h e i r  respect ive costs: 
The two cont ro l  measures t h a t  were considered f o r  the  theo re t i ca l  p l a n t  

cost  
Annualized ef fect iveness 

Control measure costs ($1 ($/ton) 

Chemical s t a b i l i z a t i o n  o f  246 , 000 409 

Wet suppression o f  crushing 37 , 600 176 
unpaved roads 

and screening operations 

With the implementation o f  these t w o  cont ro l  measures, t o t a l  TSP emissions 
from t h i s  hypothet ica l  p l a n t  would be reduced from 1,067 tons/year t o  

251 tons/year. 
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gSTIMATION OF YI. AIR QUALITY IMPACTIIMPROVEMENT --->- FI- L. - -  

The i d e n t i f i c a t i o n  and est imat ion o f  a i r  q u a l i t y  impacts from f u g i t i v e  
dust sources t y p i c a l l y  requi res the use o f  a i r  q u a l i t y  models. 

o f  discussion, these models may be segregated convenient ly i n t o  two broad 
categor ies -- (a) source-oriented models, and (b) receptor-or iented models. 

The fo l l ow ing  discussion i s  intended t o  prov ide a general overview o f  both 

classes o f  models; f o r  more de ta i l ed  discussions, the user should consul t  
recent  reviews r e a d i l y  ava i l ab le  i n  the s c i e n t i f i c  l i t e r a t u r e .  1-4 P r i o r  

t o  discussion, it should be recognized t h a t  both source and receptor models 

have a common phys ica l  basis. Both assume t h a t  mass transported from a 

source t o  a receptor was transported w i t h  conservation o f  mass by atmo- 
spheric d ispers ion o f  the  source mater ia l .5  

t h a t  the se lec t i on  o f  an appropr iate model(s) w i l l  depend upon the p a r t i c u l a r  
program/study ob jec t ives  and resource cons t ra in ts  ( i .e . ,  data, manpower, 

computing f a c i l i t i e s ,  e tc . ) ,  as w e l l  as the user 's  knowledge o f  the model 
techno1 ogy avai 1 ab1 e. 

For purposes 

It should a lso  be recognized 

A. 1 SOURCE-ORIENTED MODELS 

The " t r a d i t i o n a l "  regu la to ry  approaches have d i c ta ted  t h a t  source i m -  
I n  t h i s  context, the pacts be i d e n t i f i e d  by d ispers ion (source) modeling. 

Gaussian plume model i s  more widely  used than any other  model. 

t o  i t s  essent ia ls ,  the Gaussian model may be represented as fo l lows: 

Str ipped 

where the parameters are: 
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X (g/m3) = concentrat ion o f  p o l l u t a n t  i n  a i r  

Q (g/s) = continuous p o i n t  source s t rength 

u (m/s) = wind speed a t  he ight  H 

cry (m) 

u (m) = v e r t i c a l  d ispers ion parameter 

Y (m) = l a t e r a l  distance from plume center l ine  

= l a t e r a l  d ispers ion parameter 

z (m) = height  above ground 

H (m) = f i n a l  plume r i s e  o f  plume above ground 

As the name impl ies,  the model p red ic t s  concentrations under the assumption 

t h a t  the plume disperses i n  the hor izonta l  and v e r t i c a l  according t o  a 

Gaussian d i s t r i b u t i o n .  Other major assumptions include: (a) constant and 

continuous emission rates,  (b) no var ia t ions  i n  meteorology (wind speed, 

wind d i rec t i on ,  and atmospheric s tab i  1 i ty) between source and receptor , and 

(c) complete r e f l e c t i o n  o f  the plume from the ground surface. 

The Gaussian plume concept i s  the basis f o r  near ly  a l l  models i n  the 
U.S. EPA system o f  UNAMAP (User's Network f o r  Applied Modeling of A i r  

Po l lu t ion)  models. The d i f ferences between models o f  the UNAMAP fami ly  are 

mostly due t o  var ia t ions  i n  the treatment o f  (a) plume r i s e ,  (b) p o l l u t a n t  

h a l f - l i f e ,  (c) d i f f u s i o n  l i m i t a t i o n s  due t o  mixing heights,  (d) source con- 

f igura t ions ,  and (e) d ispers ion c o e f f i c i e n t s  t o  character ize plume growth. 

Abstracts which summarize model c a p a b i l i t i e s  o f  most o f  the cur ren t  genera- 
t i o n  of UNAMAP models may be found elsewhere.6 Reasonably complete tech- 

n i ca l  descr ip t ions f o r  each model are ava i lab le  i n  the var ious User 's 

Manual s. 

For a l l  bu t  the crudest screening appl icat ions,  the use o f  a d is -  

pers ion model requires appropr iate in format ion on (a) source emission 

rates,  and (b) study area meteorology. I n  the case o f  s ta t ionary  sources, 

i t  i s  usual ly  a f a i r l y  s t ra igh t fo rward  procedure t o  develop an adequate 

emissions inventory.  For f u g i t i v e  ( p a r t i c u l a r l y  open source) emissions, 

the measures o f  source extent  (e.g., unvegetated surface area exposed t o  

the wind) are of ten more d i f f i c u l t  t o  def ine.  As noted e a r l i e r ,  the 
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reliability of open source emissions estimates are greatly increased if 
site-specific information is collected. 

In similar fashion, to make the best use of Gaussian modeling, site- 
specific meterological measurements need to be made that relate closely to 
pollutant dispersion. These include, for example, (a) continuous measure- 
ments of wind speed (u) and direction (e) at two heights; (b) ambient 
temperature difference (AT) between 2 and 10 m, and (c) heights of the con- 
vectively mixed layer (hc) and the mechanically mixed layer (hm). Very few 
programs are designed to acquire such detailed information. 

Many routine modeling applications rely on data from nearby locations 
such as airports, National Weather Service stations, and military installa- 
tions to represent the atmospheric conditions for the area of interest. 
These observations are intended primarily for aviation needs, and are not 
particularly well suited to dispersion problems. The primary source for 
surface and upper air meterological data is the National Climatic Data 
Center (NCDC, Asheville, NC). For many long-term or climatological appli- 
cations, the meteorological conditions of a site are represented by a 
stability array or "STAR" tabulation. The STAR tabulation summarizes 
meteorological conditions in terms of joint frequency distributions of wind 
speed, atmospheric stability class, and wind direction. This information 
has been developed for many locations in the United States and is also 
available from NCDC. 

The principal advantage of source-oriented (dispersion) models 1 ies 
in the fact that they can be used to directly predict the impact of either 
existing or proposed sources. Another advantage of this class of models 
is that they do not require ambient air quality data, though, if available, 
air quality data may be used to assign "background" pollutant levels. 
Additional advantages are that the models are widely available, and have 
been evaluated using many different data sets.4 

The primary limitations o f  dispersion models relate not only to defi- 
ciencies in the quality of the input data for a particular application, but 
also to the ability of the Gaussian model to reproduce the important physi- 
cal/chemical processes affecting transport of pol lutants in the atmosphere. 
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The Gaussian model w i l l  perform best under the condi t ions used t o  form the 

basis f o r  the current  models. These condi t ions include: 

Source: Low-level, continuous, nonbuoyant emissions, i n  simple 
te r ra in .  

Meteorology: Near neutra l  s t a b i l i t y ,  steady, and r e l a t i v e l y  homogene- 
ous wind f i e l d .  

Estimate : Local, short-term, concentrations o f  i n e r t  po l l u tan ts .  

Under those r e l a t i v e l y  simple condi t ions,  " fac to r  o f  two" agreement between 

predic ted and observed concentrations i s  probably rea l  i s t i c .  

Addi t ion o f  compl icat ing features t o  the simple d ispers ion case w i l l  
subs tan t i a l l y  increase the uncer ta in t ies  associated w i t h  model estimates. 

Compl i c a t i  ng features i ncl  ude: 

1. Aerodynamic wake flows o f  a l l  kinds. 

2. Buoyant f l u i d  flows and accidental  releases o f  heavy t o x i c  gases. 

3. Flows over surfaces markedly d i f f e r e n t  from those represented i n ,  
the basic experiments, e.g., fo res ts ,  c i t i e s ,  water, complex t e r -  
ra in .  

4. 

5. 

Dispersion i n  extremely s tab le  and unstable condi t ions.  

Dispersion a t  great  downwind distances (> 10 t o  20 km). 

It i s  widely recognized t h a t  s i g n i f i c a n t  improvements i n  d ispers ion model- 

i n g  w i l l  requ i re  more d i r e c t  observational knowledge under these condi t ions.  

Model users should be aware t h a t  the c a p a b i l i t i e s  o f  the  cur ren t  UNAMAP 

ser ies t o  represent these features are based on a few special  case s t ~ d i e s . ~  

A. 2 RECEPTOR-ORIENTED MODELS 

Unl ike d ispers ion models, receptor-or iented techniques begin w i t h  par- 

t i c u l a t e  measurements a t  a receptor(s) and then "back calculate ' '  t o  estimate 

source contr ibut ions.  Receptor models a lso d i f f e r  from source models i n  
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t h a t  they do no t  requ i re  a formal descr ip t ion  o f  the t ranspor t  metero- 

l o g y  o f  the area. Receptor models may be conveniently grouped i n t o  two 

basic categor ies,  microscopic, and chemical methods; these may be f u r t h e r  
subdivided as shown i n  Table A-1. Each o f  these techniques has p a r t i c u l a r  

advantages and disadvantages f o r  problems o f  source apportionment, however, 

none of the receptor models are p red ic t i ve  t o o l s  and as such have minimal 
a p p l i c a b i l i t y  i n  d i r e c t l y  est imat ing the  ef fect iveness o f  f u tu re  cont ro l  

s t ra teg ies.  

TABLE A-1. TYPES OF RECEPTOR MODELS 

1. Microscopic Methods 

0 Opt ica l  
0 Scanning e lec t ron  microscopy (SEM) 
0 Automated SEM 

2. Chemical Methods 

0 Enrichment fac to rs  
0 Time ser ies analysis 
0 Spat ia l  ser ies analys is  
0 Chemical mass balance (CMB) 
0 Advanced mu1 ti v a r i  a te  methods 

A.2.1 Microscopic Methods 

models. Opt ica l  methods are l i m i t e d  t o  p a r t i c l e s  greater  than about 2 pm. 

One advantage o f  o p t i c a l  methods i s  t h a t  an experienced analyst  can use 

features such as co lo r ,  surface tex tu re ,  and o p t i c a l  proper t ies t o  a i d  i n  
p a r t i c l e  i d e n t i f i c a t i o n .  lo A corresponding disadvantage o f  the method i s  

t h a t  the r e l i a b i l i t y  o f  the r e s u l t s  i s  then h igh l y  dependent upon ind i v idua l  

operator s k i l l .  A more sophis t icated method, scanning e lec t ron  microscopy 

(SEM), can be app l ied  t o  i d e n t i f y  submicron (< 1 pm) p a r t i c l e s .  This tech- 
nique may a lso  inc lude a determinat ion o f  major chemical elements t o  a i d  i n  

q u a l i t a t i v e  p a r t i c l e  type assignment. Automated SEM i s  the newest o f  the 

Microscopic methods are the o lder  o f  the two classes o f  receptor 
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microscopic methods; i t  uses a l l  o f  the same q u a l i t a t i v e  p a r t i c l e  type 

i d e n t i f i c a t i o n  features as SEM bu t  has the c a p a b i l i t y  o f  analyzing more 

p a r t i c l e s  because o f  i t s  automation.2 

requ i re  a knowledge o f  the  chemical composition o f  source emissions. 

v i r t u e  o f  i t s  wide use, an extensive l i b r a r y  o f  "microscopic f i nge rp r in t s , "  

inc lud ing  morphological, co lo r ,  and elemental features,  has already been 

d e v e l ~ p e d . ~  I n  general, these methods have a h igh source reso lv ing  capa- 

b i l  i t y  f o r  sources w i t h  cha rac te r i s t i c  morphological features such as wood 

f i b e r ,  t i r e  rubber, po l len,  etc.  

To be quant i ta t i ve ,  microscopic methods requ i re  estimates o f  the 

number o f  p a r t i c l e s ,  t h e i r  densi ty  and volume. 

s u f f i c i e n t  number o f  p a r t i c l e s  be analyzed t o  be representat ive o f  the t o t a l  

sample. A major disadvantage o f  microscopic methods l i e s  i n  the  la rge  un- 

c e r t a i n t i e s  associated w i t h  determination o f  p a r t i c l e  densi ty  and volume. 

Other l i m i t a t i o n s  inc lude t ime and cost  per  analysis,  and lack  o f  r e l i a b i l -  

i t y  i n  i d e n t i f y i n g  amorphous organic species which i n  many app l ica t ions  may 

account f o r  a la rge  f r a c t i o n  o f  the aerosol. 

Another advantage o f  microscopic methods i s  t h a t  they do no t  e x p l i c i t l y  

By 

It i s  a lso c r i t i c a l  t h a t  a 

A.2.2 Chemical Methods 

Unl ike microscopic methods, a l l  chemical methods requ i re  knowledge of 

the chemical composition o f  both the ambient aerosol and poss ib le  sources.2 

Three o f  the techniques, enrichment fac to rs ,  t ime ser ies analysis,  and spa- 

t i a l  ser ies analysis,  may be c l a s s i f i e d  as r e l a t i v e l y  "simple" t o  apply. '' 
With the enrichment f a c t o r  model, data on the composition o f  the ambient 

a i r  ( i . e . ,  a t  the receptor) i s  used w i t h  a normal iz ing o r  reference element 

(usual ly  a c rus ta l  element such as Fey  A l ,  o r  S i )  t o  estimate the degree t o  
which a spec i f i c  element has been "enriched" by an anthropogenic source. 

This method r e l i e s  heavi ly  on the assumed background composition and i s  i n -  
appl icable t o  complex source mixtures i n  which m u l t i p l e  sources are c o n t r i -  

bu t ing  the same element.2 The method would appear t o  have l i t t l e  appl ica- 
b i l i t y  f o r  problems concerning open dust source emissions. 

Time ser ies techniques are based on the assumption t h a t  chemical spe- 

c ies  o r i g i n a t i n g  from the same source w i l l  e x h i b i t  the  same temporal depen- 

dence when measured a t  a receptor. Thus, i f  a se t  o f  elements a t  a receptor 
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are temporal ly corre la ted,  they are presumed t o  have a s i m i l a r  source. 

the viewpoint o f  source apportionment, t i m e  ser ies c o r r e l a t i o n  must be con- 

s idered a q u a l i t a t i v e  technique. Nevertheless, long-term studies cover ing 

several years can be valuable i n  assessing the impact o f  seasonally depen- 

dent sources o r  i n  the implementation o f  con t ro l  measures.2 

Spat ia l  models focus on comparison o f  a i r  q u a l i t y  data co l l ec ted  f o r  

the same t i m e  per iod  from a number o f  d i f f e r e n t  receptors. Q u a l i t a t i v e  

comparisons then are obtained by f u r t h e r  comparison w i t h  the l oca t i on  o f  

known emission sources. Various forms o f  the spa t ia l  model inc lude 

isopleths,  spa t ia l  cor re la t ions ,  and po l  1 u tan t  wind roses. I n  many source 

From 

apportionment appl icat ions,  p a r t i c u l a r l y  those on the scale o f  a s ing le  

i n d u s t r i a l  f a c i l i t y ,  spa t i a l  va r ia t i ons  may be o f  less importance than 
temporal var ia t ions .  

The remaining two receptor models, chemical mass balance (CMB) and 

mul t  var iab le  methods, genera l ly  are considered t o  be more resource in tens 

than the other  chemical methods. Under the assumption o f  conservation o f  

mass ( f o r  each chemical component), the CMB model may be expressed as: 

ve 

P 

j=l 
C i =  I F  * S  i j  j 

where Ci i s  the concentrat ion o f  the chemical component i measured a t  the 

receptor,  Fij i s  the f r a c t i o n  o f  chemical i emit ted by source j as determined 

a t  the source, and S i s  the source con t r i bu t i on  ( i .e. ,  the r a t i o  o f  the 

mass cont r ibu ted  by source j t o  the t o t a l  mass a t  the  r e c e p t ~ r . ~  

s i b l e  t o  ca lcu la te  the source type con t r i bu t i on  (S.) by l e a s t  squares 

methods1 w i t h  the fo l l ow ing  add i t iona l  assumptions: 

j 
It i s  pos- 

J 

The number o f  sources, p, i s  less  than o r  equal t o  the number o f  
components; and 

The source compositions (F. .) are l i n e a r l y  independent o f  each 
other.  'J 

I n  p rac t ice ,  these assumptions are no t  met, and considerable uncer ta in t ies  

are attached t o  the resu l t s .  
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The CMB method is based on analysis of a single filter. The most sig- 
nificant limitation to source resolution with the CMB method is the uncer- 
tainty in the Fi values.2 These values can vary with time, location, raw 
material, fuel type, etc. An additional limitation lies in the fact that 
since many fugitive sources have similar source compositions, they cannot 
be resolved as distinct sources based on the ambient concentration data. 

The major difference between the CMB and multivariate methods is that 
CMB is based on the composition data of a single sample, and the multivariate 
methods analyze the variability of elements measured in a large number of 
samples. All the multivariate methods are based on a correlation matrix 
which shows the association between elements/samples. In one method, factor 
analysis, the correlation matrix is "collapsed" to yield the minimum number 
of factors required to reproduce the ambient data matrix, their relative 
chemical composition, and their contribution to the mass variability. A 
major limitation of the factor analysis technique lies in the abstract 
nature of the resulting composite variables (factors) and the difficulty of 
assigning source names to the variables. Various modifications to this 
technique have been explored in efforts to improve the method's ability to 
associate these composite vari ab1 es with known sources. I l2 
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fiFPENDIX B’ 

Air Qual i ty  Models - An equation, o r  series of equations which predict  a 
source impact on a i r  quali ty.  

Annualized Cost - The control technique cost  ($/yr) calculated as  annual 
cost  over the useful l i f e  o f  the equipment (or application).  The 
annualized cost  i s  a sum of the annualized purchase and ins ta l la t ion  
cost  ( i . e .  capi ta l  cos ts )  and the annual maintenance and operating 
costs.  

Application Frequency - Number of applications of a control measure t o  a 
spec i f ic  source per u n i t  time; equivalently, the inverse of time be- 
tween two applications.  

Application Intensity - Volume of water or  chemical solution applied per 
u n i t  area of the  t reated surface. 

Canopy Hood - A receiving hood located above the source o f  emissions i n -  
tended t o  capture the emissions a s  the emissions a re  directed upward 
due t o  thermal gradients (e.g.  a canopy hood fo r  capturing furnace 
charging emissions). 

Capital Recovery Factor - The fac tor  which  i s  used t o  annualize capital  
investment t o  obtain the annualized capi ta l  cost .  The capital  re- 
covery fac tor  is a function of annual interest r a t e  and the to ta l  
number o f  payment years. 

Capture Device - A system for  capturing emissions generated by a process 
or materials handling operation (e.g. receiving hood, side d ra f t  
hood). 
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Capture Efficiency - The efficiency a t  which an a i r  po l lu t ion  control sys- 
That is, the mass emis- tem captures fugitive emissions (e.g. hood). 

sions captured divided by the total uncontrolled emissions generated 
by the source times a factor of 100. 

Close Capture Hood - A receiving hood located i n  close proximity t o  the 
source of mi ssi ons . 

Collection Device - A gas cleaning device for removing a i r  pollutants from 
the a i r  stream passing through i t  (e.g. baghouse, scrubber, electro- 
s ta t ic  precipitation). 

Collection Efficiency - The efficiency of an a i r  pollution collection de- 
vice (e.g. baghouse). T h a t  i s ,  the mass emissions collected divided 
by the mass emissions entering the device times a factor o f  100. 

Collection Hood - A hood designed t o  capture particulate matter emissions 
by inducing a d ra f t  on the emission plume, thereby pulling the emis- 
sions i n t o  the hood. 

Control Efficiency - Percent decrease i n  controlled emissions from the u n -  
controlled state. 

Cost-Effectiveness - The cost of control per u n i t  mass of reduced particu- 
late emissions. 

D i l u t i o n  Ratio - Ratio of the number o f  parts of chemical t o  the number of 
parts of solution, expressed in percent (e.g., one p a r t  of chemical t o  
four parts of water corresponds t o  a 20% solution). 

Dry Sieving - The sieving o f  oven-dried aggregate by passing i t  through a 
series of screens of descending opening size. 

Duration of Storage - The average time t h a t  a u n i t  of aggregate material 
remains i n  open storage, or the average pile turnover time. 
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Dust Suppressant - Water or chemical solution which, when applied t o  an 
aggregate material, binds suspendable particulate t o  larger particles. 

Emission Factor - An estimate of the mass of uncontrolled emissions re- 
leased t o  the atmosphere per u n i t  of source extent (e.g. kg/ ton  
product). 

Emissions Inventory - A listing and classification of  a l l  sources of emis- 
sions, and the quant i ty  of emissions generated for a specific geograph- 
i c  area or facil i ty.  

Emission Rate - Mass of emissions generated per u n i t  time (e.g. kilogram 
per hour).  

Enclosures - A comnon preventive measure fo r  the control of fugitive pa r t i c -  
ulate matter emissions which involves either totally or partially en- 
closing the source t o  i n h i b i t  or contain emissions. 

Erosion Potential - Total quan t i ty  of erodible particles, i n  any size range, 
present on the surface (per u n i t  area) prior t o  the onset of erosion. 

Exposed Area - Outdoor ground area subject t o  the action of wind and pro- 
tected by l i t t l e  o r  no vegetation. 

Exposure Profiling Method - A method fo r  quantifying fugitive emissions 
whi  ch i nvol ves the i soki neti c measurement of airborne pol 1 u t a n t  imme- 
diately downwind of the source by means of simultaneous mu1 t i p o i n t  
sampl i ng over the effective pl  ume cross section. 

Fine Particulate ( F P )  - Particulate matter less than or equal t o  2.5 pm 

i n  aerodynamic diameter. 

Fugitive Dust - Sol id  particles generated by the action of wind or machinery 
which are not  emitted from a stack, duct or flue. 
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Fugitive Emissions - Emissions not originating from a stack, duct, or flue. 

HVLV Local Exhaust - A h i g h  velocity, low volume induced draf t  hood located 
r i g h t  a t  the source to  capture the emissions. 

Inhalable Particulate ( I P )  - Particulate matter less than or equal t o  15pm 
aerodynamic d i  meter .  

Load-in - The addition of material t o  a storage pile.  

Load-out - The removal of material from a storage pile.  

Materials Handling - The receiving and transport o f  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 as determined from weight loss i n  oven drying.  

Open Dust Sources - Sources of fugitive emissions t h a t  entail generation 
of particulate matter by the forces of wind or machinery acting on 
exposed ( i . e .  open) materials where no physical o r  chemical change 
occurs t o  the particle-generating material. 

Partially Enclosed Materials Hand1 ing  Operations - Partially enclosed 
sources which generate fugitive emission d u r i n g  the storage or  trans- 
f e r  of materials t o  or from a process operation. 

Particle Diameter, Aerodynamic - The diameter of a hypothetical sphere of 
u n i t  density (1 g/cm3) having the same terminal set t l ing velocity as 
the particle i n  question, regardless of i t s  geometric size,  shape and 
true density. 

Plume Aftertreatment - The application of a fine water spray or fog t o  the 
suspended parti cul a te  plume near the source t o  capture and agglomerate 
the particles by iner t ia l  impaction so that gravitational set t l ing can 
occur. 
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PM-10 - Particulate matter less  than or equal t o  10 pm i n  aerodynamic 
diameter. 

Preventive Measures - Techniques for  control1 i n g  fug i t ive  particulate emis- 
sions which prevent the creation and/or release of particulate matter 
(e.g. wet suppression, s tabi l izat ion of unpaved surfaces, cleaning of 
paved surfaces). 

Process Sources - Sources of fugit ive emissions associated w i t h  industrial 
operations that  a l t e r  the chemical or physical characterist ics of a 
feed material. 

Quasi-Stack Method - A method for quantifying f u g i t i v e  emissions which i n -  
volves capturing the ent i re  emissions stream w i t h  enclosures or hoods 
and then applying conventional source testing techniques to  the con- 
fined flow. 

Receiving Hood - A hood designed t o  capture particulate emissions which are 
directed a t  the hood from the source by thermal or mechanical forces. 

Receptor-Oriented Air Quality Model (Receptor Model ) - An a i r  quality model 
which uses chemical analysis a t  receptors ( i  .e. ambient monitors), t o  
s t a t i s t i c a l l y  infer the separate contribution from each o f  the sources 
of the emissions . 

Respirable Particulate (RP) - Particulate matter less than o r  equal t o  about  
3.5 pm aerodynamic diameter, as measured w i t h  a 10-mm Dorr-Oliver cy- 
clone precollector. 

Road, Paved - A roadway constructed of r i g i d  surface materials, such as 
asphalt, cement, concrete, and brick. 

Road, Unpaved - A roadway constructed of nonrigid surface materials such as 
d i r t ,  gravel (crushed stone or s lag) ,  and oil  and chip surfaces. 

Road Surface Dust Loading - The mass of loose surface d u s t  on a paved road- 
way, per length of roadway, as determined by dry vacuuning. 
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Road Surface Material - Loose material present o n  the surface of an unpaved 
road. 

Roof Monitor Method - A method for quantifying f u g i t i v e  emissions which 
involves measurement of mass concentrations and a i r  flows a t  multiple 
points i n  well defined b u i l d i n g  openings such as roof monitors, ceil-  
i n g  vent, o r  windows. 

Side Draft Hood - A type of capture device which operates by inducing a 
sideways draft  thereby p u l l i n g  emissions into the hood. 

S i l t  Content - The mass portion of an aggregate sample smaller than 75 m i -  
crometers i n  diameter as determined by dry sieving. 

Source Extent - The measure of the level of source act ivi ty  (e.g. tons 
product per year, tons feed per day, BTU per hour). 

Source-Oriented Air Qua l i ty  Models (Dispersion Models) - An a i r  quality 
model w h i c h  predicts a source's impact on air quality by using a 
series of predictive equations to  model the dispersion of the plume 
from the source. 

Spray System - A device for applying a l i q u i d  d u s t  suppressant i n  the form 
of droplets t o  an aggregate material for  the purposes of controlling 
the generation of  dust. 

Stabilization - The use of chemical dus t  suppressants for the control of 
fugit ive particulate emissions from open d u s t  sources (e.g. unpaved 
roads) or material storage piles.  

Storage P i  1 e Activi t i e s  - Processes associated w i t h  aggregate storage p i  1 es , 
specifically,  load-in, vehicular t raff ic  around storage piles,  wind 
erosion from storage pi les ,  and load-out. 

Surface Cleaning - A method for reducing the surface loading of particulates 
on paved surfaces t o  reduce particulate emissions (e.g. s t r ee t  cleaning). 
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Total Particulate (TP) - Particulate matter of a l l  sizes as collected by iso- 
k i  neti c sampl i ng . 

Total Suspended Particulate (TSP) - Particulate matter measured by a h i g h  
volume sampler w i t h  an in l e t  50% cutoff 30-50pm i n  aerodynamic dia- 
meter. 

Upwind-Downwind Method - A method of quantifying f u g i t i v e  emissions which 
involves the measurement of a i r  quality upwind and downwind of  the 
source under known meteorological conditions , followed by "back- 
calculation" of source emission rates using atmospheric dispersion 
equations. 

Vehicle, Heavy-Duty - A motor vehicle w i t h  a gross vehicle travelling weight 
exceeding 30 tons. 

Vehicle, Light-Duty - A motor vehicle w i t h  a gross vehicle travelling weight 
of less  than or equal to  3 tons.  

Vehicles, Medium-Duty - A motor vehicle w i t h  a gross vehicle travelling 
weight of greater than 3 tons,  b u t  less  than 30 tons. 

Wet Suppression - The application o f  water or a water solution of a chemical 
agent t o  the surface of the material producing emissions t o  i n h i b i t  the 
generation of particulate matter emissions. 

Wind Fences/Barriers - Man-made structures or vegetative barriers used t o  
control emissions from apen sources (e.g. material storage pi les)  by 
providing an area of reduced wind velocity a t  the source. 

Wind Tunnel Method - A method for measuring wind erosion emissions which 
involves us ing  a portabl e pull - through w i  nd tunnel w i t h  an open-f 1 oored 
t e s t  section. The portable wind tunnel i s  placed directly over the 
surface t o  be tested, a i r  i s  drawn through the tunnel, and emissions 
are measured by an isokinetic probe f i t t ed  a t  the downstream end of 
the tunnel. 
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