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L A b w ~ l .  This report surmmrize's revious y unpub ished emission dat3 on asphaltic con-- 
rete plants, shows a comparlson getween Aifferenf sampling techniques. and presents 
uidellnes for evaluatln the emissions of asphaltic concrete plants. The average emis- 
ions from spra tow rs  9 0.65 Ib/ton f r o m  Centrifugal scrubber i s  9 . 2 8  Ib/ton and 
rom ba houses 7 5  0.13 Ibjton of asphaltic concrete produced. En lneering Judgment indi- 

ype I s  0.10 Ib/tun and f r a  baghouses is 0.075 lb/ron of asphaltic concrete produced. 
dghouses have been shown to be less efficient than anticipated. Baghouses offer solu- 
ions to certain asphaltic concrete procedure problems. (e .  
uate space for settling 

nd lower on one wet scrubber system. The difference in particle s i z e  distrlbutlon be- 
ween baghouses and scrubber ls eapected tu be the m i n  contributor to the difference. 
he equivalent opaclty from the wet scrubber control systems is expected to be higher 
han the equivalent opaclr f r o m  a baghouse control 5 y s 1  m if both plants have equal 
mlsslon concentratlons. d e  particle size dlstriburion Prom, the wat scrubber syitcm is 

at*) t 8 at tho emission from well-designed spray towers is 0.3 I 8 /ton from centrifuqal 
shortage of water or ade- . Comparative stack gas sampging with L A  and €PA samplinc 

rains was Inconclusive. train measured higher emissions on four baghouse system5 

~xpected to be flncr and hence &re visible. 
2. Key Uords and Document Analysis. 17a. Descriptors 

ir pollution Scrubbers 
sphal Is Dust filters 
,inera1 s F lue  ga?es 
rocessing Particle size 
ahaust emissions 
as sampling 



I .  INTWDUCTION 

Ihia r e p o r t  auumarizes p rev ious ly  unpubliehed erniseion d a t a  on a s p h a l t i c  
concrete p l a n t s .  e h w e  a comparison be tueen  d i f f e r e n t  sampling t echn iquea ,  
and p r e s e n t s  g u i d e l i n e s  f o r  e v a l u a t i n g  t h e  emissions of a e p h a l t i c  c o n c r e t e  
plant.. h c l u d e d  i s  a elnnm~ry of d e s c r i p t i v e  m a t e r i a l  on d u e t  c o n t r o l  
equlpnent  and background in fo rma t ion  on p l a n t  o p e r a t i o n s .  The etudy l e  
i n t ended  t o  provide t h e  Environmental P r o t e c t i o n  Agency. O f f i c e  of A i r  
Program w i t h  s u f f i c i e n t  d e e c r i p t i o n s  and d s t a .  t h a t  vhen combined v i t h  
o t h e r  a v a i l a b l e  in fo rma t ion ,  w i l l  allw EPA I O  provide complete d e e c r i p t i v e  
and backgrouod d a r e  t o  local a i r  p o l l u t i o n  c o n t r o l  agenciee and l n d u e t r y  
r e l a t e d  groups.  Use of a l l  t h e  in fo rma t ion  w i l l  allow approximation of over- 
all p l a n t  emissions from p roduc t ion  rate d a t a .  

: 

' !  
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XI. DESCRIPTION OF ASPHALT PROCESS 

For purpose of  d i s c u s s i o n  and e l a b o r a t i o n  on p o i n t s  of emission.  t h e  a s p h a l t i c  
concreLe p r o c e s s  is h e r e  d i v i d e d  in:o f o u r  parC.s: 

1. S e l e c t i o n  and h a n d l i n g  c f  t h e  raw material. 
2. Drying t h e  aggrega te .  
3. Mixing t h e  a g s r e g a t e  w i t h  hoc asphal:. 
6. Fines recovery and d u s t  c o n t r o l .  

S e l e c t i o n  and h a n d l i n g  of t h e  raw material is important  because t h e  s i r e  
d i s t r i b u t i o n  of  < h e  aggrega te  e n t e r i n g  t h e  d r y e r  i l t i m a t e l y  determines 
t h e  d u s t  c o n c e n t r a t i o n  l o a d s  t h a t  t h e  f i n e s  recovery and c o n t r o l  equipment 
will have t o  handle .  Since t r a n s p o r t a t i o n  c o s t s  ( f o r  raw m a t e r i a l  and f i n a l  
product)  r r e  s u b s t a n t i a l .  t h e  p l a n t  is u s u a l l y  l o c a t e d  i n  t h e  v i c i n i t y  of 
t h e  aggrega te  p i t  and c l o s e  t o  t h e  job s i t e .  
raw materials can be e n l a r g e d  by u t i l i r i n g  waste material such a s  s l a g  
from s tee l  mills or crushed g l a s s .  

D i f f e r e n t  t ypes  of  a p p l i c a t i o n  of b i t m i n o u s  conc re t e  (P.E. hase cour se  
and s u r f a c e  c o u r s e )  r e q u i r e  d i f f e r e n t  a g g r e g a t e  s i r e  d i s t r i b u t i o n s .  T h e  
l o c a l  and S t a t e  e p e c i f i c a t i o n s  a180 t a k e  i n t o  account t h e  l o c a l  v a r i a t i o n s  
i n  a v a i l a b l e  a g g r e g a t e  s u p p l i e s .  Sieve a n a l y s i s  s p e c i f i c a t i o n s  f o r  tvo 
t y p i c a l  mixes are l i s t e d  i n  Table  I .  The pe rcen t  of t h e  aggrega te  t h a t  
pasckes a 200 mesh s c r e e n  ( a p p r o x i m t e l y  76 micronu) is p a r t i c u l a r l y  i i ~  

partant t o  c o n L r o l l i n g  emiasions because this f r a c t i o n  is an important  
f a c t o r  f o r  d e t e d n g  t h e  performance o f  t h e  c o n t r o l  equipment. 

Occas iona l ly  t h e  cho ice  of 

TABLE I - TYPICAL ASPHALTIC COSCUTE SIZE DISTRlBUTION 

M H O  W2-64 M S H O  M29-70 
S I E V E  SIZE COARSE M I X  F i N E  M I X  

I" 
3/6" 
3 f  0" 
No. 1 
No. 0 
no. 10 
No. 16 
No. 30 
No. 50 
No. 100 
KO. 200 

1004 
85-100 

1 5 - 6 5  

30-50 

5-10 

loo* 
100 
100 
95-100 
70-100 

40-00 
20-6 5 
7-40 
2-20 
0-10 

* - percen t  p a s s i n g  g iven  a l e v e  mire 

Af te r  c ruch ing  and s c r e e n i n g  t h e  r m  dggrr&ate 1s normally s t o c k p i l e d  
mar the p l a n t  h e r e  t h e  m i s t u r e  c o n t e n t  w i l l  s t a b i l l r e  between 32 a n d  52 
moisture by weight .  The  aggrega te  is hauled from t h e  s t o r a g e  p i l e s  and 
placed i n  t h e  a p p r o p r l a t e  hoppers of  the c c i d  f e e d  unl t .  The material i m  
mctered from t h e  hoppers unto a conveyor b e l t ,  up a bucket e l e v a t o r  or a 
b e l t  conveyor, and i n t o  a ru tdry  d r y e r  ub ich  Is f i r e d  e i t h e r  by gas  or o i l .  
Since a 8ubatant l ihl  p c r r l u n  of the heat le t r a n s f e r r e d  by r a d l a t i o ~ ~ ,  d r y e r s  

- 2 -  
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11. DESCRIPTION OF ASPHALT PROCESS (Continued) 

are equipped w i t h  f l i g h t s  vh ich  are des igned  t o  tumble t h e  a g g r e g a t e ,  
exposing as much of t h e  rock s u r f a c e  area as p o s s i b l e  t o  t h e  flame (F ig .  1). 
If  t h e  s e t t l i n g  v e l o c i t y *  r f  an a g g r e g a t e  p a r t i c l e  d r  Zing through t h e  
ho t  gas f lowing through t h e  d r y e r  is  of  t h e  same o r d e r  of msgnitude a s  t h e  
gas  v c l o c i c y  through t h e  d r y e r ,  t h e  p a r t i c l e  will probably be  swept o u t  
of t h e  d r y e r .  

Dryer drum v e l o c i t i e s  vary between approximately 450 f t . /min .  and 900 
f t . /min .  (1) Exhaust gases  from t h e  d r y e r  comprise approximately 80% - 
902 of  t h e  t o t a l  gas  f l o w  and t h e r e f o r e  a s u b s t a n t i a l  p ropor t ion  of t h e  
d u s t  l oad ing  l n t o  t h e  f l n e a  recovery system. The remainder of  t h e  gas  
and d u s t  comes fiom e n c l o s u r e s  over  t h e  conveyinu, c l a s s i f y i n g  and mixing 
equipment which are vented i n t o  t h e  primary c o l l e c t i o n  equ;, wn t  a long  
w i t h  t h e  d r y e r  gas. 
F u g i t i v e  A i r  System or the Scavenger System. 

As i t  l eaves  t h e  d rye r .  tne m a t e r i a l  d rops  l n t o  a bucket e l e v a t o r  and 1s 
t r a n s f e r r e d  t o  a set of ho t  s c r e e n s  v h e r e  i t  is c l a s s i f i e d  by s i r e  i n t o  a s  
a y  as four  d i f f e r e n t  g rades .  A t  t h i s  p o i n t  i t  enters t h e  mixing o p e r a t i r n .  

Asphal t  p l a n t s  C M  be c l a s s i f i e d  by t h e  a g g r e g a t e  mlxlng o p e r a t i o n s  au 
ba tch  o r  cont inuous.  A schemetic  of each o p e r a t i o n  appea r s  i n  F i g .  2 dnd 

These v e n t s  and e n c l o s u r e s  a r e  c o m o n l y  c a l l e d  t h e  

Fig .  3 .  

In a ba tch  p l a u t .  t h e  c l a n s i f l e d  a g g r e g a t e  dropa l n t o  one of four l a r g e  
b i n s .  These b i n s  provide a s u b s t a n t l a l  amount of s u r g e  capac i ty  f o r  t h e  
d r y e r  sys t em.  The  o p e r a t o r  conLrols t h e  p a r t l c l e  s i re  d i s t r i b u t i o n  by 
opening one of the b ine  and a l l w l n p  t h e  c l a s u l f i e d  a g g r e g a t e  t o  drop 
i n t o  a welgh hopper u n t l l  t h e  d e s l r e d  u e l g h t  1s ob ta ined .  T h e  b l n  doors  
a r e  c loeed  a i d  anot'ier b l n  1s opened, e t c .  A f t e r  a l l  t h e  m a t e r i a l  t u  
vr lyhed  o u t .  t h e  mixture  l a  drupped l n t o  a rdxer  and mixed d ry  f o r  &out 
a h a l f  a minute. T h e  a c t l o n  of t h e  mixer o r  p u g n l l l  is slmllar t o  ail 

egg b e a t e r  except  t h a t  t h e  paddles  are mounted h o r i z o n t a l l y  i n s t e a d  of 
v e r t l c a l l y .  T h e  a s p h a l t .  uhlch is a soLid a t  s u b l e n t  temperatures .  1s 
pumped from h r s t e d  mtorage tanka l n t o  t h e  mlrer. T h e  h o t  m l r  l a  t h e n  
dropped l n t o  a t r u c k  and hauled m a y  t o  t h e  fob  e l t e .  

Ln a cont inuous p l a n t ,  t h e  c l a s a i f l e d  a g g r e g a t e  drops i n t o  a s e t  of small 
b i n s .  The purpose of t heae  b i n s  is t o  c o l l e c t  and meter t h e  c l a s s i f i e d  
aggrega te  t o  t h e  mixer. Consequently,  t h e a e  b i n s  do not p rov ide  a l a r g e  
a w u n t  of su rye  c a p a c i t y .  
a set  of f e e d e r  conveyors t o  a n o t h e r  bucket  e l e v a t o r  and l n t o  t h e  mixer. 
Asphalt  1s mctered l n t o  the  i n l e t  end af  t h e  mixer and t h e  m i x  1s Lonveyed 
through by t h e  a c t l o n  of t h e  mi r ing  padd les .  t l e t en t lon  time 1s c o o t r o l l e d  
(und somc s u r g e  c a p a c i t y  provided)  by an a d j u t a b l e  dam at  t h e  end of t h e  
mixer. The m l r  f l a r e  out of  t h e  mlrer l n t o  a hopper and t h e  t r u c k s  are 
loddrd a t  t h i s  p o l n t .  

From t h e  h o t  b ine ,  t h e  aggrega te  is metered through 

S e t t l i n g  v e l o c l t y  of a p a r t l c l e  l e  t h e  v e l o c I t y  a t  vh lch  t h e  p a r t l c l e  
w i l l  s e t t l e  i n  s t l l l  a l r  and 1s  a f u n c t l o n  of the p a r t l c l e  slre. d e w l y y ,  
and shape.  

1. Ultumlnous Cona t ruc r lon  Handbook. Uarber Green Company. 1963. 
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11.  DESCRIPTION OF A S P G T  PROCESS (Continued) 

In some plants .  surge capaci ty  is provided by a ae t  of separate  s torage  
b i n s .  These b i n e  are sea led  from contact  w i t h  the ambient a i r  t o  prevent 
oxidat ion and may be e i t h e r  heated or non-heated. I f  s t o r a g e  b i n s  are used.  
the  mix is conveyed from the  mixer t o  the  s torage  bins and trucks are loaded 
from the  b i n s .  

-0- 



-..- I11 C'CNTROL EQUIP,WNf 

All a s p h a l t  p l a n t s  have some Tqrm of d u s t  c o n t r o l  equipment. 
equipment is needed t u :  (1) p r o t e c t  equipment f o l l o v i n g  t h e  c o l l e c t o r  from 
d-ge due t o  t h e  impact of d u s t  p a r t i c l e s .  (2) avoid t h e  expense of having 
to purchase sand and miue ra l  d u s t  in o r d e r  t o  meet f i n e  p a r t i c l e  s i z e  s p e c i -  
fications i n  t h a  m i x .  and, (3) c o n t r o l  d u s t  emis s ions  t o  t h e  atmosphere.  
advent  of more s t r i n g e n t  a i r  p o l l u t i o n  c o n t r o l  r e g u l a t i o n s  h a s  made emission 
c o n t r o l  a s p e c t s  t h e  o v e r r i d i n g  c o n s i d e r a t i o n  in d u s t  c o n t r o l  s y s t e m  des ign .  

Design of d u s t  c o n t r o l  s y s t e m s  r e q u i r e s  a thorough unde r s t and ing  of  t h e  
c h a r a c t e r i s t i c s  of bo th  t h e  m a t e r i a l  b e i n g  handled and t h e  s y s t e m  o r  p rocess  
that produces i t .  Knovledge of  d u s t  c o n t r o l  techniquea have advanced con- 
s i d e r a b l y  over  t h e  p a s t  y e a r s  and many v e r y  c a p a b l e  producers  of d u s t  c o n t r o l  
equipment now exist. U n f o r t u n a t e l y ,  many of  t h e s e  c o n t r o l  equipment manu- 
f a c t u r e r s  do n o t  a p p r e c i a t e  t h e  p r o b l e m  t h a t  an a s p h a l t  p l a n t  o p e r a t o r  h a s  
t o  contend v i t h .  Uanufac tu re r s  of a s p h a l t  p l a n t  equipment c o n v e r s e l y ,  have 
been slaw t o  respond t o  t h e  need f o r  b e t t e r  d u s t  c o n t r o l  t echn iques  and slow 
t o  t a k e  advantage of t h e  a b i l i t y  of t h e  d u s t  c o n t r o l  equipmont. manufacturera .  
Both groups ( d u s t  c o n t r o l  equipment manufacturers and a s p h a l t  p l a n t  equipment 
manufac tu re r s )  need t o  work t o g e t h e r  t o  provide t h e  t y p e  of c o n t r o l  systems 
t h e  prbducers  v a n t .  

The amount of d u s t  c a r r i e d  o u t  of an a s p h a l t  p l a n t  d r y e r  depends upon t h e  
a i r  v e l o c i t y  in t h e  d r y e r ,  t h e  p a r t i c l e  s i z e  d i s t r l b u t i o n  of  t h e  a g g r e g a t e ,  
t h e  s p e c i f i c  g r a v i t y  of t h e  p a r t i c l e s  and t h e  aerodynamic c h a r a c t e r i s t i c s  
of t h e  p a r t i c l e s .  Chief among Lhese f a c t o r s  is t h e  a i r  ve:acity in t h e  
d r y e r .  F igu res  4 and 5 s h w  rhe e f f e c t  of i n c r e a 6 l n s  d r y e r  a i r  v e l o c i t y  
upon p roduc t ion  c a p 6 c i t y  and d u s t  c a r r y o u t .  Note t h a E  a 50% i n c r e a s e  in 
a i r  v e l o c i t y  will allow about s 302 i n c r e a s e  in p r o d w t i o n  wh i l e  c a u s i n g  s 
150% i n c r e a s e  i n  d u s t  c a r r y o u t .  

A1 a s p h a l t  p l a n t  producing 150 TPH from a g g r e g a t e  having 5% s u r f a c e  moi s tu re  
will r e q u i r e  a n  a i r  flow of about 20.000 scfm. The g r a i n  l o a d i n g  o u t  of 
t h e  Arver  p i n  va ry  from 20 g r l s c f  t o  200 g r l s c f  in extreme cases. Tak ins  
100 g r / s c f  as be ing  r e p r e s e n t a t i v e .  t h e  d u s t  c a r r y o u t  from t h e  d r y e r  w i l l  
be 17,1501/hr.  f o r  t h e  150 TPH p l a n t .  C o l l e c t i o n  e f f i c i e n c y  is u s u a l l y  
stated in percen tage  of incoming m a t e r i a l  t h a t  is c o l l e c t e d .  Thus a 
cyclone c o l l e c t o r  w i t h  an 80% c o l l e c t i o n  e f t l c i e n c y  will pass  20% ( o r  343Olllhr. 
i n  t h e  example mentioned) on t o  t h e  next p i a c e  of c o l l e c t i o n  dquipment. If 
t h i s  cyclone is fol lowed by a wet scrtibber having a 98% c o l l e c t i o n  
e f f i c i e n c y .  t hen  691lhr .  of d u s t  vi11 be e m i t t e d  t o  t h e  atmosphere.  T h e  
69#/hr .  (1.e.. 0.4 g r l s c f )  can be compared w i t h  a lO#/hr.  p rocess  weight 
r e g u l a t i o n  o r  0.1 g r f s c f  c o n c e n t r a t l o n  r e g u l a t i o n  t o  determine what improvement 
might be  necessary.  If t h e  e f f i c i e n c y  of t h e  f i r s t  c o l l e c t o r  can be 
inc reased  a r e l a t ive ly  large amount w i t h  reaeonnblri c o s t .  t h i s  could 
be a more economical move i n s t e a d  of t r y i n g  t o  g a l n  that last 2% on t h e  wet 
sc rubbe r .  This A ~ S U I L ~ ~  that t h e  c o l l e c t i o n  e f f i c i e n c y  of the w e t  s c rubbe r  
is t o t a l l y  i n s e n s i t i v e  t o  changes i n  par t ic le  S i z e  d i s t r i b u t i o n .  An a n a l y s i s  
of t h e  e n t i r e  a s p h a l t  p l a n t  o p e r a t i o n  by nn e n g i n e e r  w i t h  a background in 
both u p h 4 l t  o p e r a t i o n s  and d u s t  c o n t r o l  t e c h n i q u e s  will o f t e n  i d e n t i f y  t h e  
b e s t  compromise approach. The compromise approach ia then a p lan  t h a t  meets 
a i r  p o l l u t i o n  r e g u l a t i o n s  a t  r easonab le  c o s t  without  c a u s i n g  p l a n t  o p e r a t i o n a l  
problcma. 

Dust c o n t r o l  

The 

i 
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111. CONTROL EQUIPMENT ,.(Continued) 

The d u s t  c o n t r o l  system of an a s p h a l t i c  c o n c r e t e  p l a n t  is normally d i v i d e d  
i n t o  a primary and secondary c o l l e c t o r .  

A. PRIMARY: 

The s i m p l e s t  type of primary c o l l e c t o r  is t h e  s e t t l i n g  chanber 
( a l s o  known as an expansion chauoer or knockout box). 
p r i n c i p l e  of o p e r a t i o n  is that i f  t h e  v e l o c i t y  of  t h e  gas  is 
l o v e r e d ,  a i r b o r n e  p a r t i c l e a  w i l l  s e t t l e  by g r a v i t y .  The v e l o c i t y  
is lowered by e n l a r g i n g  t h e  c r o s s - s e c t i o n a l  area o f  t h e  duct  t h a t  
t h e  gas  p a s s e s  throuhh. Typ ica l  v e l o c i t i e s  i n  t h e  chamber are i n  
t h e  neighborhood of one LO f i v e  f t . / s e c .  C o l l e c t i o n  e f f i c i e n c y  
is directl:. proport!onal t o  (1) t h e  s e t t l i n g  v e l o c i t y  of p s r t t c l e s  
i n  t h e  gas  stream and', (2 )  t h e  l eng th  of  t h e  chnobers. I t  is 
i n v e r s e l y  p r o p o r t i o n a l  t o ,  (1) t h e  h e i g h t  of t h e  chamber and, ( 2 )  
t h e  v e l o c i t y  of t h e  gas  through t h e  c h a d e r .  A simple chamber is 
i l l u s t r a t e d  Fig.  6 .  A b a f f l e  is o f t e n  p l aced  i n  t h e  a i r  path t o  
improve p a r t i c l e  removal. 

The wst common type of primary c o l l e c t o r  used by t h e  Hot N i x  
Asphal t  I n d u s t r y  is a cyclone or a c e n t r i f u g a l  c o l l e c t o r  (Fig.  7 ) .  
h e  p a r t l r u l a t e  l aden  gaa is causcd to s v i r l  i n  t h e  c y l i n d e r  
and cone by a d m i t t i n g  i t  a x i a l l y  or t a n g e n t i a l l y .  The gas  
proceeds d w n v a r d  t o  t h e  apex of t:ir c s n e ,  forms ano the r  
s p i r a l  upward w i t h i n  t h e  dournart' r p i r a l ,  and t h e n  e x t t a .  
S e p a r a t i o n  1s e f f e c t e d  by c e n t r l f u < k l  f o r c e s  d r i v i n g  t h e  p a r L l c l e s  
o u t  of t h e  gas stream l i n e s  t o  t h e  va l l .  T h e  p a r t i c l e s  are he ld  
at t h e  v a l l  and moved t w a r d  t h e  d u s t  discharl le  by t h e  a x i a l  
component of  t h e  v o r t e x  f l w  and g r a v i t y .  

The e f f i c i e n c y  of a cyclone is dependent upon. (1) t h e  f l o v  rate, 
d e n a i t y ,  and v i s c o s i t y  of t h e  gas;  and, ( 2 )  t h e  d e n s i t y ,  s i re  
and c o n c e n t r a t i o n  of t h e  p a r t i c l e a  p a s s i n g  through t h e  c o l l e c t o r .  
P r e s a u r e  drop through a cyclone is i n  t h e  range be tveen  112"  
and 6" of water. 
s y s t e m  is  s h w n  i n  Table  11. 

The 

The e f f i c i e n c y  range for  t y p i c a l  primary c o l l e c t o r  

8 .  SECDNDARY: 

The secondary c o n t r o l  s y s t e m  of an a s p h a l t i c  c o n c r e t e  p l a n t  u s u a l l y  
c o n s i s t s  of  s vet s c r u b b e r  s y s t e m  or a baghouse. The p r i n c i p l e 8  
of o p e r a t i o n  of uec s c r u b b e r s  are s iml lsr  t o  t h o s e  of dry  c o l l e c t o r s .  
Wet c o l l e c t o r .  i n c r e a d e  p a r t i c l e  removal e f f i c i e n c y  because: (1) 
f i n e  p a r t i c l e s  are cond i t ioned ,  so t h a t  t h e i r  e f f e c t i v e  sire and 
u e i g h t  are i n c r e a s e d .  t h u s  e n a b l i n g  them t o  b e  c o l l e c t e d  wre 
e f f i c i e n t l y ;  and, (2) ' re-entrainment  of  t h e  c o l l e c t e d  p a r t i c l e s  is  
preven ted  by t r a p p i n g  theu  i n  a l i q u i d  f i l m  or stream and t h e n  
vash ing  t h e  l i q u i d  (and t rapped p a r t i c l e s )  w a y .  

P r o b l e m  M s o c i a t e d  v i r h  t h e  o p e r a t i o n  of s V e t  c o l l e c t i o n  
system are: (1) cor roo ion .  ( 2 )  e r o s i o n .  ( 3 )  d u s t  build-up 
a t  t h e  e n t r a n c e  (and o t h e r  a r e a s )  of t h e  c o l l e c t i o n  dev ice .  
(4) m i s t  c l i m i n a t i o n .  dnd. ( 5 )  s ludge  d i s p o s a l .  

-6- 



111. CONTROL EQUIPMENT. (Continued) 

R e v i a  of o u r  sampling d o t s  i n d i c a t e s  t h a t  t h e  dea inn  of t h e  c o l l e c t i o n  - 
s t a g e  o r  m i s t  e l i&na; ion s t a g e  of t h e  w e t  s c r u b b e r  s y s t e m  ?s 
s i g n i f i c a n t  i n  a c h i e v i n g  h i g h  c o l l e c t i o n  e f fLc lency .  
e f f i c i e n c y  i b i  d i r e c t l y  r e l a t e d  t o  t h e  magnitude of  i n e r t i a l  f o r c e s  
t h a t  are a p p l i e d  t o  Fhe cond i t ioned  p a r t i c l e .  

I '  
Wet s c r u b b e r  systems;are  c l a s s i f i e d  h e r e i n  as systems u s i n g  
s i p i f i c a n t  c e n t r i f u g a l  f o r c e s  on t h e  cond i t ioned  p a r t i c l e  t o  
a f f e c t  s e p a r a t i o n  mi? t h o s e  u s i n g  water impact ion o r  water s p r a y s  
t o  w e t  and r e w v e  t h e  p a r t i c u l a t e  from t h e  gas  sceam. The wet 
s c r u b b e r  systems on a s p h a l t i c  c o n c r e t e  p l a n t s  are ti:en clxsst,C.ie'd. 

t h e  c o l l e c t i o n  

as s " c e n t r i f u g a l "  or "water spray" type  s y s t e m .  r 

c 

,.' 

.. 
The most common sp ray  . t y ? e  wet s c r u b b e r  systems a i ' a s p h a l t t c  
c o n c r e t e  p l a n t s  are of t h e  g r a v i t y  s p r a y  t w c r ' t y p e  (See Fig. 8) .  
The twer  may be  e i t h e r  h o r i z o n t a l  o r  %:-tical .  Advantages of 
t h i s  type of dev ice  a r e :  (1) the a b i l i t y  t o  handle  l a r g e  volumes 
of  gas w i t h  a lw  p r e s s u r e  drop (1 t o  4 inches w a t e r ) .  and, 
(2) lov c o s t .  
t h e  pa th  of t h e  gases  t r a v e l i n g  through t h e  s y s t e m  t o  increase 
t h e  p r o b a b i l i t y  of  p o r t l c l e  c o n t a c t  w i t h  wat'rr d r o p l e t s .  C o l l e c t i o n  
e f f i c i e n c y  is r e l a t i v e l y  1w f o r  p a r t i c l e  diiimeters of 10 microns 
o r  less. C e n t r i f u g a l  flow w i t h i n  t h e  s p r a y  cover is sometimes 
i n c o r p o r a t e d  t o  improve c o l l e c t i o n  e f f i c i e n c y .  

C e n t r i f u g a l  w e t  s c rubbe r  system employ s i g n i f i c a n t  c e n t r i f u g a l  
(cyclonic f low),  g r a v i t a t i o n a l  and /o r  d i r e c t i o n a l  change f o r c e s  
on a pre-coadirfoned p a r t i c l e  t o  i n c r e a s e  c o l l e c t i o n  e f f i c i e n c y .  
The secondary c o n t r o l  system w i l l  u s u a l l y  i n c l u d e  a pre -cond i t lon ing  
s t a g e  followed by a n " i n e r t i a 1  s e p a r a t i o n  s t a g e .  The most common 
c e n t r i f u g a l  s e p a r a t i o n  s t a g e  f o r  an a u p h a l t i c  c o n c r e t e  p l a n t  w e t  
s c r u b b e r  system is a c y c l o n i c  s e p a r a t o r .  
are h i g h e r  f o r  c e n t r i f u g a l  systems than  f o r  t hose  of  s p r a y  type  
systems.  (Ref. Table  11). 

B a f f l e s  o r  packing materials n re  o f t e n  p l aced  i n  

I 

C o l l e c t i o n  e f f i c i e n c i e s  

The p re -cond i t ion ing  o t a g e s  of  c e n t r i f u g a l  wet s c r u b b e r  systems a r e  
most commonly of t h e : v e n t u r i  and o r i f i c e  typea.  In bo th  d e v i c e s .  
t h e  c r o s s - s e c t i o n a l  a r e a  of  t h e  duct  c a r r y i n g  t h e  p a r t i c u l a t e  
l a d e n  gas i n t o  t h e  sc rubbe r  Is reduced, c r e a t i n g  a t u r b u l e n t .  
h i g h  v e l o c i t y  flow. Uater is i n t r o d u c e d  b e f o r e  t h e  r e s t r i c t i o n  and 
as t h e  gas  and u a t e r  d r o p l e t s  p a s s  through t h e  t h r o a t  of  t h e  
v e n t u r i  o r  o r i f i c e .  t h e  t u r b u l a n c e  and high gas v e l o c i t i e s  atomize t h e  
d r o p l e t s  i n t o  f i n e  idst .  thereby i n c r e n a i n g  t h e  p r o b a b i l i t y  of 
c o l l i s i o n  and entrapment of a d u s t  p a r t i c l e  i n  a water d r o p l e t .  
The gas  and d u s t  l aden  l i q u i d  then  e n t e r  t h e  c y c l o n i c  s e p a r a t o r  
h e r e  t h e  l i q u i d  is thrown a g o i n s t  t h e  w a l l e  by c e n t r i f u g a l  f o r c e s  
and d r a i n s  to t h e  bottom by g r a v l t y .  The t r e a t e d  gas e x i t s  o u t  
t h e  top .  A v e n t u r i  s c rubbe r  is i l l u s t r a t e d  i n  F igu re  9.  

The beghouse f i l t e r  has been g a i n l n g  wide acceptance 8 s  a form of 
d u s t  c o n t r o l  equipment by t h e  a s p h a l t i c  c o n c r e t e  i n d u s t r y .  A 
schematic  of a shakeri type b a g h o u e  a p p e a r s  i n  F igu re  10. 
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The d u s t  l aden  gas  enters t h e  bottom of t h e  c o l l e c t o r  ( i n  some 
baghouses t h e  gas e n t e r s  t h e  t o p ) .  As t h e  gas  p a s s e s  through 
t h e  tubea.  t h e  d u s t  is d e p o s i t e d  on t h e  f a b r i c .  forming a cake.  
A s i g n i f i c a n t  amount of t h c  f i l t r a t i o n  is accomplished by t h e  
d u s t  cake  a f t e r  i t  has  been b u i l t  up. 
t h e  f a b r i c  is t o  s u p p o r t  t h e  cake.  
d e p o s i t e d  on t h e  cake,  i n c r e a s i n g  its t h i ckness .  and t h u s  t h e  
resistance t o  gas  f l w  through t h e  cake. 
beg ins  t o  limit t h e  a i r  flow r e q u i r t d  t o  p rope r ly  v e n t i l a t e  t n e  
d rye r .  t h e  f a b r i c  is c leaned  by removing t h e  d u s t  cake  which 3.6 

al lowed t o  f a l l  i n t o  t h e  hopper.  
f a b r i c  c l e a n i n e  mechanibms. 
the t o p  of t h e  f a b r i c  t u b e  is a t t a c h e d  t o  a v i b r a t i n g  d e v i c e  and 
t h e  d u s t  is shaken 'off t h e  tubes .  Normally t h e  t ubes  a r e  d iv ided  
i n t o  a i r t i g h t  compartments and t h e  compartmrnt b e i n g  c l eaned  is 
i s o l a t e d  from t h e  gea stream. P u l s e  c l e a n i n g  mechanisms remove 
t h e  d u s t  cake  by f l e x i n g  t h e  f a b r i c  w i t h  compressed a i r .  I n  
o t h e r  d e s i g n s ,  t h e  d i r t y  ai: i f4  i n t roduced  i n t o  t h e  " s h e l l "  
a i d e  of t h e  f a b r i c  t ubes  and flows o u t  t h e  i n s i d e  of  t h e  t ubes .  
An a i r  j e t  c l e a n i n g  mechanism moves up and down each tube ,  or 
p u l s e  j e t s  a t  t h e  t o p  of t h e  bag d i s l o d g e  t h e  d u s t .  

The primary f u n c t i o n  3f 
An time passes ,  more d u s t  is 

When baghouse r e s i s t a n c e  

There is a v a r i e t y  of  d i f f e t e n t  
In  t h e  model i l l u s t r a t e d  i n  F igu re  10, 

The a i r  t o  c l o t h  r a t i o  ( i . e .  t h e  bu lk  v e l o c i t y  o f  t h e  gas d iv ided  
by t h e  c l o t h  a r e a )  f o r  wst s h a k e r  t y p e  baghouses is i n  t h e  
neighborhood of  2-to-3 acfm pe r  s q u a r e  f o o t  of c l o t h  area. 
p r e s s u r e  d rop  of shake r  t y p e  systems is approximately 3 t o  7 i n c h e s  
of water. 

The a i r - to -c lo th  r a t i o  f o r  t h e  air  p u l s e  a n d / o r  j e t  c l e a n i n g  
baghouses is around 5-to-10 acfm p e r  squa re  f o o t  of c l o t h .  The 
reduced bag a r e a  r e q u i r e d  f o r  t h e  p u l s e  or . le t  t y p e  baghouse 
ha6 made t h e  p u l s e . a n d / o r  j e t  type  baghouses t h e  most widely 
used on a s p h a l t  p l a n t s .  The p r e s s u r e  drop of such systems is 
around 5" t o  8" of wa te r .  

T h e  

TAB& I1 COMPONENT EFFICIENCIES 

t 
TYPE 

Primary C o l l e c t o r s :  

Large diameter cycldnes 

Small diameter cyclones 
and m l t i c l o n e s  

Secondary C o l l e c t c r s :  

S2ra.y t y p e  s c r u b b e r  

C e n t r i f u g a l  s c r u b b e r  

F a b r i c  f i l t e r  

EFFICIENCY RANGE 

60 - 85% 

70 - 95% 

80 - 97% 

90 - P9.M 

95 - 99.9% 



I V  EFFECTS OF OPERATIONAL ENVIROEI1.IENT UPON EMISSIONS -. 
The o p e r a t i o n a l  environment t h a t  s u r r o u n d s  a n  a s p h a l t  p l a n t  is as c r i t i ca l  
t o  t h e  atmospheric  emissions as t h e  ty?e of c o n t r o l  equipment. 
a g g r e g a t e ,  in how and when t h e  p l a n t  is o p e r a t e d ,  in t h e  local c l i m a t i c  
c o n d i t i o n s ,  f requency of p l a n t  r e l o c a t i o n s .  q u a l i t y  of  maintenance provided,  
and t h e  deg ree  of  a u t o G t i c  c o n t r o l  a v a i l a b l e ,  can s e r i o u s l y  deg rade  t h e  
o p e r a t i o n  of t h e  most e f f i c i e n t  d u s t  c o n t r o l  systems. 
impor t an t  f a c t o r s  r e q u i r e d  t o  assure adequa te  c o n t r o l  of a tmospheric  
emis s ions  is a p rope r  working r e l acLoush ip  between t h e  owner and l o c a l  a i r  
p o l l u t i o n  c o n t r o l  a u t h o r i t y .  

V a r i a t i o n s  i n  

One of t h e  most 

The v a r i a t i o n s  i n  a g g r e g i t e  t ) p e  t h a t  ai-e most important  t o  t h e  performance 
Of a d u e t  c o n t r o l  system’hre t h o s e  t h a t  re la te  t o  t h e  f r a c t i o n  of  t h e  t o t a l  
f eed  t h a t  w i l l  p a s s  a 260 mesh screen. 
Pe rcen tage  200 minus aliowed is  10%. I t  is no t  unusual  t o  encoun te r  
f i n e s  pe rcen tages  n t  t h e  i n l e t  t o  t h e  d r y e r  va ry ing  a l l  t h e  way from under 2% 
t o  as h igh  as 20%.  The primary c a u s e  of  t h i s  v a r i a t i o n  is t h e  rock a v a i l a b l e  
a t  v a r i o u s  geograph ica l  l o c a t i o n s .  
approximately as shown + T a b l e  I ,  hence p o s s i b l y  r e q u i r i n g  was t ing  of f i n e s  
t o  meet s t a t e  a b p h a l t i c  c o n c r e t e  s p e c i f i c a t i o n s .  The atmospheric  emission 
c o n t r o l  system, therefore. is r e q u i r e d  to remove t h e  l a r g e r  amount of  f i n e s  
w h i l e  s t i l l  meet ing clean a i r  r e g u l a t i o n s .  
high i n  f i n e  natural  m a t e r i a l .  w h i l e  t h e  type  o€ rock encountered i n  o t h e r  
areas is such t h a t  f i n e 8  a r e  h e a v i l y  produced u r i n g  normal c r u s h i n g  and 
o c r e e n i n g  o p e r a t i o n s .  The l a L t e r  t y p e  of rock (such as b a s a l t )  s h s t t c r  
t o  powder when crushed and also break  down s i g n i f i c a n t l y  when processed through 
t h e  a s p h a l t  p l a n t .  Tho- s i z e  d i s t r i b u t i o n  w i t h i n  t h e  f i n e  f r a c t i o n  is expected 
t o  be  a s i g n i f i c a n t  v a r i a b l e  i n  t h e  e f f i c i e n c y  of t h e  emission c o n t r o l  s y s t e m .  
Some geograph ica l  areas a r e  s h o r t  of f i n e s  so dry-type emission c o n t r o l  
systems s o l v e s  t h r s  probiem. 

In  most mix s p e c i f i c a t i o n s  t h e  maximum 

Host  fitaces r e g u l a t e  pe rcen tage  f i n e s  

Some p i t  l o c a t i o n s  aimply run 

:I 
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An a s p h a l t  p l a n t  t h a t  o p a r a t e s  c o n t i n u o u s l y  for a e v e r a l  hour s  w i l l  a l l o w  b e t t e r  
emis s ion  c o n t r o l  than a p l a n t  t h a r  i s  be ing  con t . l nua l ly  s t a r t e d  up and then 
s h u t  down. The ve ry  n a t u r e  of most p a r t i c l e  s e p a r a t i o n  mechanisms r e q u i r e s  
f low c o n d i t i o n s  t h a t  are reasonab ly  s t a b l e  w i t h  tine. 
t r a n s i e n t  f low c o n d i t i o n s  t h a t  are p r e s e n t  d u r i n g  s t a r t - u p  and shutdown tend 
to  c a u s e  low e f f i c i e n c y  i n  d e v i c e s  t h a t  depend upon i ne r t i a l  f o r c e s  t o  produce 
p a r t i c l e  s e p a r a t i o n .  

A s  a p l a n t  starts up. a s i g n i f i c a n t  t ime  is r e q u i r e d  t o  r each  s t a b l e  t empera tu re  
an? p r e s e u r e  c o n d i t i o n s . .  Before t h e  p l a n t  is s u f f i c i e n t l y  warmed up,  t h e  
m o l s t u r e  from t h e  a g g r e g a t e  w i l l  condense on t h e  c o o l  i n t e r i o r  s u r f a c e s  and 
t h e  water d r o p l e t s  w i l l  t r a v e l  through t h e  p l a n t .  Tit i s  is a n  abnormal s i t u a t i o n  
for any d u a t  c o n t r o l  d e v i c e  and mud w i l l  accumulate i n  low v e l o c i t y  a r e a s .  
This m o i s t u r e  problem can  be  very a c u t e  i n  c l i m a t i c  r e g i o n s  t h a t  have wide 
t empera tu re  f l u c t u a t i o n s :  I n s u l a t i o n  of d u c t i n g  and c o n t r o l  equipment may 
b e  a necessa ry  measure. Upon s h u t t i n g  down t h e  p l a n t ,  p a r t i c l e s  t.hat have 
been t r apped  i n  t h e  a y s t &  by h igh  v e l o c i t i e s  w i l l  become d i s l o d g e d  by g r a v i t y .  
These p a r t i c l e s  can  t h e n  b e  c a r r i e d  o u t  by t h e  lower v e l o c i t y  g a s e s  or w i l l  
s e t t l e  i n  t h e  d u c t s  t o  bejpiclced up t h e  nex t  t ine  t h e  p l a n t  is o p e r a t e d .  

Gas and a g g r e g a t e  
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IV. EFFECTS OF OPERATIONAL SNVIRONWT WON EKISSIONS (Continu d)  

( I  

The measures necessa ry  t o  make an a s p h a l t i c  c o n c r e t e  p l a n t  e a s i l y  p o r t a b l e  
r e q u i r e  sone compromises or1 d u s t  c o n t r o l  s y s t e m  design. 
i deL i t i f i ed  compromise a f f e c t s  t h e  l a r g e  d i ame te r  cyc lones  and f o r c e s  them 
t o  have s h o r t  cones or b e  r ep laced  on s m a l l  r a d i u s  mult icones in o r d e r  t o  
s t a y  under highway h e i g h t  r e s t r i c t i o n s .  S e a l i n g  of equipment and scavenging 
t h e  r e s u l t a n t  e n c l o s u r e s  is o f t e n  inconven ien t  on p o r t a b l e  p l a n t s  and 
t h e r e f o r e  neg lec t ed .  Power for p o r t a b l e  p l a n t s  is f r e q u e n t l y  f u r n i s h e d  by 
d i e s e l - e l e c t r i c  g e n e r a t o r  sets which d i c t a t e  low power consumption types  
of  c o n t r o l  systems.  
s u p p l i e s  o f t e n  p reven t  t h e  use of w e t  s c r u b b e r s .  
c o l l e c t o r s  w i l l  probably ;gain t h e i r  q u i c k e s t  accep tance  i n  p o r t a b l e  o p e r a t i o n s .  
Adequate c o n t r o l  of  s t o c k p i l e s  from wind, r e j e c t i n g  of  exczss  f i n e s  and 
i n c i d e n t  d u s t  from t r u c k  t r a f f i c  are a l l  s p e c i a l  problems t h a t  can become more 
s e r i o u s  a t  a p o r t a b l e  p l a n t  s i te.  

The most e a s i l y  

R e s t r i c t i o n  or t o t a l  absence of  adequa te  water 
D r y  f a b r i c  t y p e  d u s t  

Seve ra l  changes i n  p l a n t  , ope ra t ion  are necessa ry  when a f a b r i c  type d u s t  
c o l l e c t o r  is added t o  t h e ' p l a n t .  
i n t roduced  where none h a s  been p r e s e n t  b e f o r e .  
p rev ious ly  been i n t e r e s t e d  only 111 t h e  rock t empera tu re  coming o u t  of t h e  d r y e r .  
If t h a t  temperature  is t o o  low then t h e  bu rne r  s e t t i n g  is i n c r e a s e d .  No 
a t t e n t i o n  is g iven  t o  t h e  t empera tu re  coming o u t  of t h e  d r y e r  as evidenced by 
t h e  burned p a i n t  e x i s t i n g  on most d r y e r  o u t l e t  d u c t s .  
q u i c k l y  l e a d  t o  problems i n  a p l a n t  equipped w i t h  a baghouse. 
monitor ing is r e q u i r e d  on d r y e r  o u t l e t  t empera tu re  and baghouse i n l e t  
temperature .  The i n s t a l l a t i o n  of a primary c o l l e c t o r  between t h e  d r y e r  and 
t h e  baghouse can be  debated from a c o l l e c t i o n  e f f i c i e n c y  s t a n d p o i n t  b u t  o t h e r  
c o n s i d e r a t i o n s  such as t empera tu re  and e r o s i o n  p r o t e c t i o n  make i t  an a b s o l u t e  
n e c e s s i t y .  The most s i g n i f i c a n t  change t o  p l a n t  o p e r a t i o n  is t h e  requirement 
t o  work w i t h i n  a t empera tu re  band t h a t  h a s  t h e  dew p o i n t  as its lower l i m i t  
and about  400. F. as i t s  upper l i m i t .  

Automatic c o n t r o l s  on an a s p h a l t  p l a n t  are impor t an t  i n  three areas: (1) 
t h e  c o l d  f e e d  system, ( 2 ) '  t h e  b a t c h i n g  tower, and, (3)  t h e  bu rne r .  The u s e  
of au tomat i c  c o n t r o l s  can h e l p  t o  q u i c k l y  s t a b i l i z e  t h e  o p e r a t i o n  of t h e  
p l a n t .  Flow c o n d i t i o n s  f o r  aggrega te ,  f u e l ,  and a i r  a r e  more q u i c k l y  e s t a b l i s h e d  
and maintained w i t h o u t  s t e p  changes t h a t  d i s t u r b  che  p l a n t  system. P l a n t s  
not having reonte c o n t r o l s  on t h e  a g g r e g a t e  f eed  r a t e  must b e  o v e r f i r e d  a t  t h e  
beg inn ing  of o p e r a t i o n  so t h e  f i r s t  b a t c h e s  of mix w i l l  b e  a t  the proper  
temperature .  P l a n t s  having remote c o n t r o l  t o  t h e  cold f e e d  can g r a d u a l l y  
i n c r e a s e  t h e  f eed  rate d u r i n g  s t a r t - u p  and thus  avo id  any s l u g g i n g  of  t h e  
d r y e r  a l though  in p r z c t l c e  t h i s  is seldom done. During s t e a d y  o p e r a t i o n .  
changes i n  t h e  rock c h u t e  t empera tu re  o u t  o f  t h e  d r y e r  can b e  a l t e r e d  by 
e i t h e r  changing t h e  f e e d  rate or changing t h e  bu rne r  s e t t i n g .  
t h e  b u r n e r  w i l l  a u t o m a t i c a l l y  keep t h e  rock t empera tu re  a t  approximately 
325' F.* 

The i n t r o d u c t i o n  of  b e t t e r  s u r g e  and h o t  s t o r a g e  s y s t e m  to  t h e  a s p h a l t  

An upper l i m i t  on o p e r a t i n g  temperature  is 
The p l a n t  o p e r a t o r  has  

Such a philosophy can 
Continuous 

Usual ly ,  

i n d u s t r y  h a s  caused a change in t h e  a t t i t u d e  of producers  toward t h e  d e s i r a b l e  
p roduc t ion  rate t h e i r  p l a n t s  should poases s .  

! 

~ 

Without any s u r g e  or h o t  

I 
* Remote c o n t r o l s  t o  t h o  co ld  feed allow easy changes t o  t h e  p r o p o r t i o n i n g  ! 

i of t h e  a g g r e g a t e  so t h e  d r y e r  is not d r y i n g  rock t h a t  cannot  be  used in t h e  mix. 
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I V .  EFFECTS OF OPERATIONA( ENVIRONMENT UPON EMISSIONS (Continued) 

S to rage  c a p a c i t y .  the  time requ i r ed  t o  l o a d  a t r u c k  v a s  d i r e c t l y  dependent 
upon t h e  p roduc t ion  c a p a c i t y  of  t h e  p l a n t .  Taking 45 seconds as t h e  average 
time between b a t c h e s  and u s i n g  a t r u c k  payload of 28,000 pounds; a 4,000 pound 
ba tch  p l a n t  w i l l  r e q u i r e  a t r u c k  under t h e  p l a n t  f o r  5-1/4 minutes,  w h i l e  a 
10,000 pound b a t c h  w i l l  r e q u i r e  a t r u c k  f o r  on ly  2-114 minutes .  I f  t h e  4,000 
pound p l a n t  h a s  a s u r g e  hopper t h e  t r u c k  cou ld  probably b e  loaded i n  about 
one minute.  Now t h e  capaci,ty of t h e  p l a n t  is d i c t a t e d  by t h e  number tons  
t h a t  can b e  l a i d  on a g rade  rather than t h e  number t h a t  can b e  hauled away. 
In theo ry ,  t h e  h a u l i n g  shou ld  n o t  i n f l u e n c e  the d e s i r e d  p l a n t  p roduc t ion  b u t  
In p r a c t i c e  t h e  t r u c k s  v i l l !  always tend t o  bunch up and then s i t  and w a i t  
t o  t e  loaded.  A s u r g e  system can overcomes t h e  bunching problem and a l low 
small c a p a c i t y  p l a n t  t o  b e  f u l l y  u t i l i z e d ,  and p r e s e n t  less of an emission 
problenr. 

Once t h e  des ign  of  a d u s t  c o n t r o l  system is f i x e d ,  t h e  s i n g l e  most important  
item de te rmin ing  its performance is t h e  maintenance i t  r e c e i v e s .  P e r i o d i c  
maintenance of a l l  p l a n t  equipment can p r e v e n t  f a i l u r e s  and prolong c o n t r o l  
equipment l i f e .  The maintenance meaaures f o r  f a b r i c  t ype  d u s t  c o l l e c t o r s  
a s s o c i a t e d  w i t h  a s p h a l t  o p e r a t i o n s  a r e  only now beginning t o  be  s t u d i e d .  
Very l i t t l e  f a c t u a l  d a t a  is a v a i l a b l e  conce rn ing  t h e  cause  of performance 
degrada t ion .  T igh ten ing  of bags,  adequate  c a u l k i n g  between c l e a n  and d i r t y  
a i r  sides, and c a r e f u l  a t t e n t i o n  t o  bag vear appea r  t o  b e  items t h a t  must 
be vatched.  On vet systemc, t h e  e r o d i n g  of s p r a y  n o z z l e s  shon ld  be  checked 
monthly d u r i n g  t h e  o p e r a t i n g  season .  R u s t  and c o r r o s i o n  of a l l  duct  i n t e r i o r s  
a r e a l v a y s  encountered and n e c e s s i t a t e  p a t c h i n g ,  l i n i n g  o r  replacement on a 
one t o  t h r e e  )ear c y c l e  depending on t h e  l o c a l  c o n d i t i o n s .  The c o n d i t i o n s  
under which a s p h a l t  paving mix has been produced are d i f f i c u l t  t o  e n v i s i o n  
and a l l  equipment m u s t  b e  c a r e f u l l y  maintained.  A chorough once-a-veek 
i n s p e c t i o n  is performed by good o p e r a t o r s .  

-11- 



V. RIISSIONS 

Unpublished s t a c k  gas sampling d a t a  from 45 a s p h a l t i c  c o n c r e t e  p l a n t s  
which r e p r e s e n t  ove r  100 lndcpendent samples h a s  been compiled.  The 
raw teet d a t a  h a s  been rebuced u s i n g  a computer program based on EPA 
data c a l c u l a t i o n  t echn iques .  The results of  t h e  data r e d u c t i o n  are 
l i s t e d  i n  Tab le  A l .  8lOngiWith a s  much a d d i t i o n a l  i n fo rma t ion  about  
each p l a n t  as u a s  a v a i l a b l e .  Table  111 swmarizes t h e  f i n a l  p a r t i c u l a t e  
c o n c e n t r a t i o n  and emission f a c t o r s  u s ing  t h e  c l a s s i f i c a t i o n  of  c o n t r o l  
systems p r e s e n t e d  p r e v i o u s l y  i n  S e c t i o n  111. 

Note t h a t  t h e  c o n c e n t r a t i o n  d a t a  i n  Table  111 h a s  6 f a i r l y  well d e f i n e d  
lwer l i m i t  i n  t h e  " r ange ;o f  concen t r a t ion"  column and t h a t  t h e  median 
i n  a l l  c a s e s  b u t  one is less than t h e  average c o n c e n t r a t i o n .  Such r e l a t i o n -  
s h i p s  i n  t h e  d a t a  l e a d  one t o  b e l i e v e  t h a t  t h e  d a t a  is a c t u a l l y  f i t t i n g  
a nonsymmetrical o r  skewed-to-the-right d i s t r i b u t i o n .  Also,  nonsymmetrical 
d i s t r i b u t i o n  is expected 6,ecause a s p h a l t  p l a n t s  have more d i f f i c u l t y  i n  
ach iev ing  a lw emission t h a n  a high one and because a i r  p o l l u t i o n  r e g u l a t i o n s  
ac ross  t h e  United S t a t e s  va ry .  Notice a l s o  t h a t  che lwhr l i m i t  on t h e  range 
of c o n c e n t r a t i o n  f o r  t h e  a a t a  c o n s t i t u t i n g  t h i s  s tudy  compares f a i r l y  c l o s e  
t o  Los Angeles A i r  P o l l u t i o n  C o n t r o l  D i c t r i c c  da tu  s e v e r a l  years ago which 
in an i n d i c a t o r  of  a lower l i m i t  on c u r r e n t l y  a v a i l a b l e  c o n t r o l  technology. 

The d a t a  analyzed i n  t h i s  s tudy  was i o l l e c t e d  p r i m a r i l y  t o  e s t a b l i s h  c u r r e n t  
emission f a c t o r s  on a s p h a l t i c  c o n c r e t e  p l a n t s .  Approximately half of  t h e  
data o r i g i n a t e d  from tests , p r i o r  t o  modifying t h e  d u s t  c o n t r o l  syatem. There- 
f o r e ,  t h e  d a t a  r e p r e s e n t  c u r r e n t  emission from a s p h a l t i c  c o n c r e t e  p l a n t s  a c r 3 s s  
t h e  coun t ry .  

The t y p i c a l  a s p h a l t  p l a n t  : , t ha t  o p e r a t e s  o u t s i d e  of a g g r e s s i v e  a i r  p o l l u t i o n  
c o n t r o l  r e g i o n s  h a s  rather elementary d u s t  control .  equipment. A l a r g e  
diameter  cyclone o r  a p a i r  of s u c h  cyclones is t y p i c a l l y  fol lowed by a low 
p r e s s u r e  s p r a y  chamber. The removal of t h e  w e t t e d  d u s t  is done by i n j e c t i n g  
the f l w  t a n g e n t i a l l y  t o  a l a r g e  d i a u e t e r  s t a c k .  The r e s u l t l n g  c y c l o n i c  
flow a t  the s t a c k  e x i t  plane is thus  q u i t e  connnon. The a c c u r a t e  measurement 
of gas  v e l o c i t y  and t h e  subsequent  c a l c u l a t i o n  of gas  f l w  are s u b j e c t  t o  
s i g n i f i c a n t  e r r o r s  when auch c y c l o n i c  flow c o n d i t i o n s  e x i s t .  Represencnt ive 
p a r t i c u l a t e  c o n c e n t r a t i o n , d a t a  can be co1.lected from c y c l o n i c  flow s t a c k  by 
c a r e f u l l y  designed sampling'  procedures .  

I t  has  been recommended by Cooper and Rossano* t h a t  c y c l o n i c  flow s t a c k s  be 
sampled a t  an a n g l e  from t,he ducr  c e n r e r l i n e  and a t  a v e l o c i t y  d i scove red  by 
the maximum d e f l e c t i o n  of  ' t he  p i t o t  tube.  H w e v e r ,  i t  is a l s o  known tha: t h e  
m a x i m u m  d e f l e c t i o n  across 'a"'S" type  p i t o t  t u b e  occur s  at 10-15. o f f s e t  from 
t h e  t r u e  d i t e c t i o n  of  flow/.. The re fo re ,  t h e  a u t h o r s  recommend t h a t  c y c l o n i c  
f l w  s t a c b  be sampled by e s t a b l i s h i n g  t h e  average v e r t i c a l  v e l o c i t y  component 
by measuring t h e  g a s  flow a t  a more d e s i r a b l e  l o c a t i o n  i n  t h e  ductwork. 
sampling rate i n  t h e  c y c l o n i c  flow s t a c k  can t h e n  be se t  a t  a constai i t  r a t e  
or v a r i e d  ac rods  t h e  d u c t  i n  p r o p o r t i o n  t o  t h e  v e l o c i t y  r e a d i n g  recorded by 
the p i t o t  cube d u r i n g  sampling. The v e r t i c a l  v e l o c i t y  component is assumed 
t o  be t h e  same as the v e r t l c a l  p a r t i c l e  v e l o c i t y  as i t  e n t e r s  t h e  nozz1.e 
so r e p r e s e n t a t i v e  sampling\ v e l o c i t i e s  can b e s t  be maintained.  

\ 

. .  

[ '  

The 

Cooper. H.B.H.. Jr. .  HoJ4ano. A.T., Source T e s t i n g  c o r  A i r  P o l l u t i o n  Con t ro l ,  
Pg. 56, Environmental  Sciehce S e r v i c e s ,  Wilton. Cunn. 
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V. MISSIONS (Continuedx 

I n  o r d e r  t o  determine t h e  p o l l u t a n t  mass ra te  i n  c y c l o n i c  flow p r o c e s s e s ,  
t h e  gas  f low rate must be  determined a t  some o t h e r  l o c a t i o n  i n  t h e  system 
h e r e  mre f a v o r a b l e  flow c o n d i t i o n s  e x i s t .  
f low c o n d i t i o n s  meet sugges t ed  requirements  f o r  d i s t a n c e s  from t h e  l a s t  flow 
d i s t u r b a n c e .  Experience from t h e  f i e l d  e v a l u a t i o n s  i n  th!a s tudy  i n d i c a t e  
that e r r o r s  are encountered by u s i n g  an "S" type p i t o t  tube i n  cyr . lonic  flow. 
Velociry readings can b e : h i g h  by a f a c t o r  of two o r  t h r e e  depending on t h e  
degree of c y c l o n i c  flow. 

A s p h a l t i c  c o n c r e t e  p l a n t s  are one of t h e  most d i f f i c u l t  i n d u a t r i a l  sou rces  
from which t o  e v c l u a t e  a tmospheric  emis s ions .  
o f t e n  i m p r a c t i c a l  t o  sample a 10 f o o t  d i ame te r  s t a c k  a t  8 d i a m e t e r s  from 
t h e  l as t  o b s t r u c t i o n ,  e s p e c i a l l y  i f  t h e  s t a c k  i t se l f  s e r v e s  as p a r t  of the 
c o n t r o l  s y s  t e m .  

Dual t r a i n  sou rce  sampling w a s  performed on f i v e  p l a n t s  as an a d d i t i o n  t o  
t h i s  s tudy .  A summary .?f t h e  t e n t s  is shown i n  Table  A I I .  An EPA 
source  sampling :rain an,' Los Angeles sou rce  sampling t r . l i n  were used 
s imul t aneous ly  i n  o b t a i n i n g  t h e s e  r e s u l t s .  The two aampling trains used 
on t h e  a d d i t i o n a l  f i v e  p l a n t  e v a l u a t i o n s  a r e  shown i n  Figures  11 and 1 2 .  
Clean-up and a n a l y s i s  of t h e  two trains was performed a s  d e s c r i b e d  i n  t h e  
Appendix. A d i s c u s s i o n  o'n t h e  sampling and t h e  r e p o r t s  are inc luded  i n  t h e  
Appendix. 

Capacities were v e r i f i e d  by  s p o t  p roduc t ion  c a l c u l a t i o n s .  T h e  c o n t r o l s  s y s t e m s  
were i n  average states of: r e p a i r  and t h e  p l a n t s  were o p e r a t e d  a t  normal 
product ion rates. The d a t a ,  t h e r e f o r e ,  r e p r e s e n t s  r e s u l t s  t h a t  are ob ta ined  
d u r i n g  day-tu-day o p e r a t i o n s  of  c o n t r o l  systems u s i n g  r e c e n t  technology.  The 
p l a n t s  could perform b e t t ' e r  w i t h  more e x t e n s i v e  maintenance programs. 

A s p h a l t i c  c o n c r e t e  p1an t s :o f t en  o p e r a t e  on a ve ry  c y c l i c  s chedu le .  
and shut-down of  t h e  sys t ew and sampling t r a i n  does not f avor  c o l l e c t i o n  of 
l ong  d u r a t i o n  s t a c k  gas  samples.  Ca re fu l  coord inac ion  vas made t o  avoid 
s h u t t i n g  d w n  t h e  sampling t r a i n s  d u r i n g  a test .  b u t  t h e  sampling on most 
of che p l a n t s  w a s  n e c e s s a r i l y  i n t e r r u p t e d  a t  l e a s t  once or more, e s p e c i a l l y  
on the b a t c h  type  p l a n t s .  

Baghouse c o n t r o l  aystems appeared d u r i n g  o u r  e v a l u a t i o n  t o  have a less 
e q u i v a l e n t  o p a c i t y  emission t h a n  t h e  emis s ions  from wet s c r u b b e r  systems.  
Note t h a t  t h e  c o n c e n t r a t i o n  ( g r l s c f )  from t h e  wet s c r u b b e r  sys t em ( P l a n t  1t3) 
i n  T a b l e  A T 1  vas less than t h e  c o n c e n t r a t i o n  from a w e l l - c o n t r o l l e d  ( P l a n t  1/2j 
baghouse s y s t e m  w h i l e  t h e  e q u i v a l e n t  o p a c i t y  was g r e a t e r  from t h e  w e t  s c rubbe r  
s y s t e m .  The l i m i t e d  p o s s i b i l i t y  t h a t  an u n r e p r e s e n t a t i v e  sample ma) have 
been o b t a i n e d  from t h e  c y c l o n i c  flow w e t  s c rubbe r  system could a l s o  e x p l a i n  
the d i f f e r e n c e  i n  emission c o n c e n t r a t i o n .  

I t  h a s  been s h a m  t h a t  a g iven  c o n c e n t r a t i o n  of  small s i z e  p a r t i c l e s  h a v e  a 
g r e a t e r  l i g h t  s c a t t e r i n g  e f f e c t  ( i . e . .  t h e y  are more n o t i c e a b l e )  than an 
e q u i v a l e n t  c o n c e n t r a t i o n  of l a r g e  s i z e  p a r t i c l e s .  
phenomenon of small p a r t i c l e s  may h e l p  t o  ac.counl f o r  t h e  more n o t i c e a b l e  
v i s u a l  e f f e c t  from w e t  s c r u b b e r  systeas v e r s u s  baghoune systems.  

Rarely w i l l  t h e s e  more f a v o r b l e  

It is ex t r eme ly  c o s t l y  and 

S t a r t - u p  

Such a l i g h t  s c a t t e r i n g  
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V. MISSIONS (Continued) 

4 
It is sugges t ed  t h a t  t h e . p a r t i c l e  s i res  e m i t t e d  by baghouses ( i n s t a l l e d  on 
a s p h a l t  p l a n t s )  are l a r g e r  then t h e  p a r t i c l e s  emlr ted by vet s c r u b b e r  systems. 
The f a b r i c  m u s t  f l e x  ( l . e . ,  by shaking,  r e v e r s e  a i r ,  p u l s e  j e t ,  etc.)  t o  
p rope r ly  d i s l o d g e  t h e  c c l l e c t e d  m a t e r i e l  from t h e  bags.  
could s i f t  materiel through t h e  f e b r l c  t o  t h e  "clean" a i r  s i d e .  The wet 
s c r u b b e r  system. by v i r t u e  of t h e  i n e r t l a l  f o r c e s  t h a t  are e x e r t e d  on t h e  
p a r t i c u l a t e  f o r  r e m v a l .  : d e f i n i t e l y  t end  t o  resove t h e  l a r g e r  s i r e  f r a c t i o n  
more r e a d i l y  from t h e  air. stream. T h i s  would e x p l a i n  t h e  o b s e r v a t i o n s  m e &  
d u r i n g  t h e  t e s t i n g  and th'e r e s u l t i n g  g r a i n  load ings  t h a t  vere c a l c u l a t e d .  

E a t i n a t i o n  of emis s ions  chn be  determined by e s t a b l i s h i n g  t h e  p l a n t  
flw rate and then  app ly ing  an average c o n c e n t r a t l o n  t o  t h e  s t a c k  gasea 
e n t e r i n g  t h e  a t m a p h e r e .  Concen t r a t ion  times flow rate vi11 then y i e l d  
a poundelhour of  emission'. A r e g r e s s i o n  e n a l y s i o  t o  determine scfm ve r sus  
given p l a n t  p roduc t ion  h a s  been performed on t h e  d a t a  i n  t h i s  s t u d y  and is 
shown i n  F igu re  13. The average c o n c e n t r a t i o n  va lues  f o r  t h e  c o n t r o l  sys t ems  
88 d e f i n a d  i n  S e c t i o n  II14;are l i a t e d  i n  Tab le  111. An emiss ion  can a l s o  
be c a l c u l a t e d  by measurin 'g t h e  p l a n t  p roduc t ion  r a t e s .  c l a s i f y i n g  t h e  
type of c o n t r o l  s y s t e m  8 s : l i s t e d  i n  S e c t i o n  I11 and then  m u l t i p l y i n g  t h e  
p roduc t ion  by en e m i s s i o n { f a c t o r  ( l b / t o n )  as l i s t e d  i n  Tab le  111. In 
a d d i t i o n  t o  t h e  emis s ion  f a c t o r s  l i s t e d  i n  Tab le  111, e n g i n e e r i n g  Judgment 
has  been e x e r c i s e d  t o  sugges t  r easonab le  p a r t i c u l a t e  emission f a c t o r s  f o r  
s s p h e l t i c  c o n c r e t e  p l a n t s .  The sugges t ed  emission f a c t o r s  a r e  l i s t e d  i n  
Tab le  I V .  

Hydrocarbon emiss ions  from a s p h a l t i c  c o n c r e t e  p l a n t s  a r e  no t  considered t o  
be a problem. Asphal t  i s , a  heavy Dis t i l l a te  from t h e  r e f i n e r y  p rocess  

t o  e n t e r  t h e  atmeophere. 'An a r t i c l e  by Von Lehmden. Hangebrauck, and Heeker ( 2 )  
list t o t a l  po lynuc lea r  hydrocarbon emission f a c t o r s  of 1.1 mglton 
of product  w i thou t  c o n t r o l  and 0.35 mglton of product a f t e r  a v e t  s c r u b b e r  
c o n t r o l  sys t em.  The a a p h a l t i c  c o n c r e t e  p l a n t  eva lua ted  for  t h e s e  numbers 
vented t h e  pugmill  i n t o  t h e  nu i sance  d u e t  c o n t r o l  sybtem. 

Hydrocarbon vapors  from hea ted  a s p h a l t  s t o r a g e  t a n k s  can be  adeque te ly  
c o n t r o l l e d  by f l u t e d .  a i r + o o l e d  vent  p i p e s .  
from l o a d i n g  a s p h a l t i c  c o n c r e t e  i n t o  t h e  t r u c k s  can  be vented i n t o  t h e  d r y e r .  
S e v e r a l  methods of i n t r o d u c i n g  t h e  hydrocarbons i n t o  t h e  d r y e r  fo r  
combustion have been t r i e d  b u t  more development work is r e q u i r e d .  

Particle s i re  d a t a  ,Sa a v a i l a b l e  i n  t h e  Los Angeles County A i h  P o l l u t i o n  
Engineer ing Menuel .and some w a s  included i n  t h i s  s tudy .  P a r t i c l e  s i re  
d i s t r i b u t i o n  by me88 u s i n g  an Anderson sampler  end p a r t i c l e  s i re  by count 
from f i l t e r  catche!! on w e t  s c r u b b e r  systems hmi been inc luded  i n  t h e  
Appendix. More vork should be  per:orued t o  g e n e r a t e  a d d i t i o n a l  pa r t i c l e  
sire d a t a .  

T h i s  f l e x i n g  a c t i o n  

i 

1 

l e a v i n g  on ly  t r a c e  m o u n t s  of low vapor p r e s s u r e  hydrocarbon compounds a v a i l a b l e  . ! ~ 

Hydrocarbon emission r e l eaaed  

, .  

2. Von Lehmden, D.J. ,  Hsngebrauck, R.P. 6 Meeker, J . E .  i 'olynuclear 
Hydrocarbon Emissions from S e l e c t e d  I n d u o t r i a l  Procesoea; J o u r n a l  
of t h r  A i r  P o l l u t i o n  'Control P&t ;c i i a t lon ,  Volume 15. No. 7,  J u l y  1965. 



TABLE 1 V  

SUGGESTED P A P T I C U T E  MISSION FACCOBS FUR ASPHALTIC CONCRETE PLANTS 

(pounds per ton of product) 

Emission Factor Source and T y p e  of C o n t r o l  

Botary Dryer 

Uncontrolled* 50 

Precieaner 20 

High-of f lc lancy  cyc lone  5 

Mult ip le  c e n t r i f u g a l  scrubber 0 . 2  

B a f f l e  Spray T w e r  . 3  

Or l f l ce - typs  or  ventur i  scrubbers * 10 

Baghowe .07J 

Other Sources (Vlbraclng screend,  

hopper and oirsr) Uncontrol led.  
hot  aggregate  b l w .  aggregate W C l R h  1 .o 

Ahn0 . t  a l l  p l ~ t s  have at l e a a t  a prec lraner  f o l l w l n g  t h e  rotary 
dryer to return f i n e s  f o r  t h e  a s p h a l t l c  concre te .  

I 
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VI COST OF CONTROL 

The c o s t  of e f f e c t i v e  d u s t  c o n t r o l  s y s t e m  or equipment cove r s  a wide range .  
The major v a r i a b l e  in determining  a c c u r a t e  c o s t  f i g u r e s  is t h e  v a r i a t i o n  
Of i n s t a l l a t i o n  c o s t s .  
on t h e  b a s i s  of a i r  flow d a t a .  The most f r e q u e n t l y  used parameter  t o  expres s  
t h e  c o s t  of v a r i o u s  types  of equipment is d o l l a r s  per  a c t u a l  CFM ($/ACFM). 
Shown in Table  V a r e  c o s t  ranges f o r  complete = , c o n t r o l  systems s t a r t i n g  
from t h e  d r y e r  o u t l e t  and i n c l u d i n g  t h e  exhaus t  fan and d u s t  auge r s .  
systems are c a t e g o r i z e d  by t h e  t y p e  of f i n a l  c l ean ing  equipment in t h e  sys tem.  

?e c o s t s  of t h e  b a r e  equipment can be  determined 

The 

TABLE V 

DUST CONTROL SYSTEM COSTS 

TYPE OF SECONDARY SYSTEM COST 
CONTR9L EQUIPMENT ($/ACFM) 

Spray Tower 1.00 - 1.75 
C e n t r i f u g a l  Scrubber  1 .25  -.2.00 

F a b r i c  C o l l e c t o r  2.50 - 4.00 

In cons ide r ing  equipment t o  r e t r o f i t  an e x i s t i n g  d u s t  c o n t r o l  system, t h e  
c o s t  of major components a r e  only a p a r t  of t h e  o v e r a l l  c o s t .  Changes in 
duc t ing ,  changes in f a n s  JK f a n  motors ,  changes i n  d u s t  augers  and then  
t h e  e l e c t r i c a l  changes in t h e  power and c o n t r o l  system cause l a r g e  d i f f e r e n c e s  
in final c o s t .  
from many manufac turers .  By t h e  time t h a t  baghouse is i n s t a l l e d  t h e  c o s t  
w i l l  be around $Z.OO/ACFM. Wet sc rubbe r s  can be b u i l t  f o r  a s  l i t t l e  as 
$.30/ACFM b u t  a g a i n  t h e  ductwork, wa te r  supp ly ,  and pond systen: can double  
o r  t r i p l e  t h i s  f i g u r e .  

Maintenance and o p e r a t i n g  - c o s t s  a r e  d i f f i c u l t  t o  o b t a i n  a c c u r a t e l y .  Dry 
f a b r i c  c o l l e c t o r s  a r e  only now beginning  t o  b u i l d  up enough o p e r a t i o n a l  
t ime t h a t  i n t e l l i g e n t  bag l i f e  e s t i m a t e s  can be made. 
demand f o r  “Nomex” m a t e r i a l  has r e d u c e d . t h e  p r i c e  of bags by 15% and 205: 
r e c e n t l y .  
and s ludde  d i s p o s a l  over  a b a g  l i f e  of f i v e  y e a r s  t h e  c o s t s  a r e  about  even.  
High p r e s s u r e  drop i n  t h e  wet s c rubbe r  r e s u l t s  i n  h ighe r  o p e r a t i n g  c o s t s  
but  i n  most i n s t a n c e s  t h e  amount is  no t  impor tan t .  
s t a t emen t  about  which t y p e  o f  system is b e s t  i s ,  “It depends. .  . I ‘  

exper ienced  pe r sonne l  approach each d i f f e r e n t  p l a n t  w i th  no preconceived 
s o l u t i o n s .  

For i n s t a n c e ,  a b a r e  baghouse can be  ob ta ined  fo r  $l.OO/ACEN 

The i n c r e a s e  i n  

However. when compared w i t h  t h e  problems a s s o c i a t e d  w i t h  ponds 

The most a c c u r a t e  
Even 

i 
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.VI1 SUinMARY & CONCLUSIONS - 

This study indicates t h a t  the averase emissions front spray towers i s  
0.64 lb/ton. from Centrifugal scrubbers i s  0.28 lb/ton and from baghouses 
i s  0.13 lb/ton of asphaltic concrete produced. Engineering judgment 
indicates tha t  the emission from well-designed spray towers i s  0.3 lb/ton 
f r o m  centrifugal type i s  0.10 lb/ton and from baghouses i s  0.075 lb/ton 
of asphaltic concrete produced. 

Baghouses included i n  the sunmary and evaluated in  this contract have been 
shown to  be l e s s  e f f i c i en t  t h a n  anticipated. Gaghouses of fe r  solutions t o  
cer ta in  asphaltic concrete procedure problems, (e.9. shortage of water sr 
adequate space for  se t t l ing  ponds). Extensive, careful maintenance i s  required 
for  the baghouses to  perform t o  expectation. 

Comparative stack gas samp1i:ig with LA and EPA sampling t ra ins  was inconclusive. 
The LA t r a i n  measurad higher emissions on four baghouse systems and lower on 
one wet scrubber system. The authors believe that  a difference in par t ic le  
s ize  dis t r ibut ion of the emissions from the baghouses and wet scrubbers nay 
account for  the difference in opacity. 
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. .  
FIGURE '4 

Source: Loquerci,o, P . S .  and Skinner. C.F. "Abating Pollution 
from Azphalt, Plixing Plants ,  EsPec{allY by Means of 

. , 'Uaghouses", not y e t  published. 
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Source: N a t i o n a l  Asphal t  Pavement A s s o c i a t i o n  
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DATA  CONTRIBUTOR^ AND RESPECTIVE EVALUATION EQUIPMENT DESCRIPTION 

Data w a s  submi t t ed  f o r  t h i s  s t u d y  by s e v e r a l  o r g a n i z a t i o n s  and was c o l l e c t e d  
by v a r i o u s  sampling t ra ins .  Apprec ia t ion  is a l s o  expres sed  t o  t h e  fo l lowing  
o r g a n i z a t i o n s .  

. .  

C r i m  Eng inee r ing  ( R e f .  J C )  
3826 Woodland Avenue North 
S e a t t l e ,  Washington 

(Sampling T r a i n  d e s c r i b e d  i n  Appendix of Report)  

Puget  Sound A i r  P o l l u t i o n  C o n t r o l  Agency (Ref. PSAPCA) 
410 West H a r r i s o n  
S e a t t l e ,  Washing:on 98119 

The "PSAPCA"; sampling t r a i n  c o n s i s t e d  i n  series of a 0.125 - 
0.50 inch diiimeter n o z z l e ,  c lose-coupled.  h i g h - e f f i c i e n c y  g l a s s -  
f i b e r  f i l t e r : ,  probe,  rubbe r  hose,  an i c e  b a t h  w i t h  t h e  f i r s t  two 
of three impin$er< f i l l e d  w i t h  100 m i l s  of d i s t i l l e d  water, a 
s i l i c a  g e l  d r y i n g  tube,  rubbe r  hose ,  d ry  g a s  meter, t empera tu re  
and vacuum i n d i c a t o r s ,  control  v a l v e ,  and pump. 

A s e p a r a t e  p i t o t  t ube  traverse was t aken  p r i o r  t o  t h e  sampling 
t o  de t e rmine  flow rate and n o z z l e  s i z e .  T o t a l  p a r t i c u l a t e  c o n s i s t e d  
of t h e  nozz le  and f i l t e r  c a t c h e s .  

Frank L. Cross  Ji. (Ref. FC) 
North 215 W i l l i a m  Henry Apartments 
Malverr., Pennsy lvan ia  19355 

The "FC" sampling t r a i n  c o n s i s t e d  i n  series of  a 0.25 - 0.50 inch  
d i ame te r  n o z z l e ,  a close-coupled c o a r s e  alundum thirable h o l d e r ,  
probe,  rubbe r  hose ,  a n  i c e  b a t h  (two impingers w i t h  100 m i l s  of 
d i s t i l l e d  water, rubbe r  hose ,  d r y  gas  meter, vacuum and t empera tu re  
i n d i c a t o r s ,  a c o n t r o l  v a l v e ,  and pump. 

A s e p a r a t e  p i t ' o t  tube t r a v e r s e  was conducted p r i o r  t o  t h e  sampling 
t o  d e t e r m i n e ' f l o w  r a t e  and n o z z l e  s i z e .  T o t a l  p a r t i c u l a t e  i nc luded  
t h e  n o z z l e  and th imble  c a t c h e s .  

; 

San Bernadino County A i r  P o l l u t i o n  Con t ro l  District  (Ref. SBCD) 
172 West T h i r d  S t r e e t  
S a n  Bernadino. C a l i f o r n i a  924G1 

The SBCD sampling t r a i n  c o n s i s t e d  i n  series of a 8-10 mm n o z z l e ,  
an ice b a t h  w i t h  two impingers  f i l l e d  witir 100 m l  af d i s t i l l e d  water 
i n  each,  a probe,  a t h i r d  d r y  impinger w i t h  a thermometer i n s i d e ,  a 
th imble ,  Whatman paper  t h i m b l e ,  a dry gas  meter, t empera tu re  and 
vacuum i n d i c a t o r s ,  a c o n t r o l  val.ve, and a pump. 

A s e p a r a t e  p i t o t  t ube  traverse w a s  conducted p r i o r  t o  t h e  sampling 
t o  de t e rmine  flow rate and n o z z l e  s i z e .  
of t h e  n o z z l e ,  probe,  impinger  and f i l t e r  c a t c h e s .  

T o t a l  p a r t i c u l a t e  c o n s i s t e d  



Cla rk  County D i s t r i c t  Heal th  Department 
Air P o l l u t i o n  Con t ro l  D iv i s ion  
P. 0. Box 4426, 
Las Vegas, Nevada 89106 

(Ref.  CCAPCD) 

.* 
The "CCAPCD" sampling t r a i n  c o n s i s t e d  of t h e  s t a n d a r d  EPA 
sampling t r a i n  d e s c r i b e d  e l sewhere  i n  t h i s  r e p o r t .  

! 
Columbia Willamette A i r  P o l l u t i o n  A u t h o r i t y  (Ref. CWAPA) 
1010 N.E. Couch S t r e e t  
P o r t l a n d ,  Oregon 97232 

The "CWAPA" sampling t r a i n  c o n s i s t e d  of t h e  same components as 
t h e  EPA s t a c k  gas  sampling t r a i n .  The impingers  were used p r i o r  
t o  t h e  f i l t e r  and a f l e x i b l e ,  unheeted t e f l o n - l i n e d  h o s e  was used 
between thk probe and impingers .  

CMI Systems, Inc .  (Ref.  CMI) 
P.O. Box 6249 ' 

Chattanooga, Tennessee 37401 

The "CMI" sampling t r a i n  was des igned  and manufacturered by 
2000 Inc.  I t  c o n s i s t e d  of  a 0.125 t o  0.5 i n c h  d i ame te r  n o z z l e ,  
par t ic le  s i ze  and t o t a l  mass c o l l e c t i o n  d e v i c e  (Ref."Stack head") 
probe,  condenser ,  rubbe r  hose ,  vacuum gauge, f low c o n t r o l  v a l v e ,  
pump, therinometer, and flow meter. A s e p a r a t e  p i t o t  t u b e  t r a v e r s e  
w a s  conducted p r i o r  t o  t h e  sampl ing  t o  de t e rmine  flow r a t e  and nozz le  
s i z e .  T o t a l  p a r t i c u l a t e  i n c l u d e d  t h e  n o z z l e  and " s t ack  head" ca t ches  

Va len t ine ,  F i s h e r  6 Tomlinson (Ref.  VF&T) 
520 Lloyd Bu i ld ing  
S e a t t l e ,  Washington 98101 

The "VFT" sampling t r a i n  w a s  i d e n t i c a l  t o  t h e  EPA t r a i n  d e s c r i b e d  
elsewhere i n  t h i s  r e p o r t .  
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DISCUSSIOX ON COMPA&IVZ iPA-L.A.  EMISSION :SAMPLING ON 

A 5  PHA LTIC CO %:i? bT2 PLANTS 

1 '  
The L. A .  t r a in  nieasured 371. more than  t h c  ZPA t r a i n  on emiss ions  from 

%how@ c o n t r o l  systems. 

t r a i n  when s a m p l i w  t h e  wet s c r u b b e r  s y s t e n .  

include1 

'The, L. A. t r a i n  measured 20% lower t h a n  t h e  2PA 

Reasons f o r  t h e  d i f f e r e n c e  may 

A. "ne EPA g l a s s  f i b e r - f i l t e r  mat adhered  t o  t h e  molded rubber-omposi t ion 

glass frit f i l ter  backtnp t h a t ,  was used on t h e  flrst two e v a l u a t i o n a .  

filter h o l d e r s  were not  used on' t h e  last three e v a l u a t i o n s .  

lhese 

€3, The presence of  mois ture  on t h e  th imble  and i n  t h e  sampling hose between 

t h e  probe and impingem of  t h e ,  L. A .  t ra in  cou ld  have inc reased  t h e  c o l l e c t i o n  

e f f i c i e n c y  of t h e  th imble  (a g r e a t e r  p e r c e n t a r e  of tna t o t a l  pc r r t i cu la t e  was 
o o l l e o t e d  i n  t h e  th imble  on t h o  wot s c r u b b e r  sys tems)  and t h e  p a r t i c u l a t e  

hang-up i n  t h e  hose. The hose w a s  not  c l eaned  o u t  on w a l u a t i o n s  a f te r  t h e  f i r s t  

e v a l u a t i o n  because it wa8 rletdrmined on t h o  f i r s t  e v a l u a t i o n  t h a t  t h e  amount 

c o l l e c t e d  i n  t h e  iiose w a s  less than  I C  of t h e  t o t a l  p a r t i c u l a t e .  

The L. A .  train sampl'lni: hcaA w a 3  i n s e r t e d  nozzle  up t o  t h o  far S i d e  of 
t h e  staak and a l lowe?  t o  remain for a number of minu tes  which cou ld  have al lowed 

particulate d e p o s i t i o n  i m i d e  . t h e  nozz le .  

! 

C. 

D. The coarse  lass f r i t  of t h e  $PA t r a i n  may have c o l l e c t e d  materials paasing 

t h r o w h  t h e  ~ l a s a  fibor mat. 

during cleanup.  

The &ss f r i t  was rimod with  water and ace tone  

E. The prasence of d u s t  :on t h e  L. A. th imble  may make it more hygroscopic  

a n 8  t h e r e f o r e  ad& excess ive  mois ture  weii:ht t o  t h e  filial t h i n b l e  weight.  

7. Both d r y  <as meters i n  the  t r a i n s  were c a l i b r s t e d  and found t o  be comparable 

w i t h i n  1%. A wet test meter ias  used as t h e  s t a n d a r d  f o r  t h e  c a l i b r a t i o n .  

section of each  t r a i n  w a ~  6.67:: for t h e  SPA t r d i n  and L8.OjL f o r  t h e  L. A.  t r a i n .  

If chemica l  r e a c t i o n s  cnu ld  t a k e  p l ace  I n  t h e  impingem t h a t  would arid t o  t h e  t o t a l  

w e k h t ,  t h e  L. A .  t r a i n  cou ld  b i a s  t h e  ample h a h e r  t h a n  t h e  EPA t r a i n .  

G. The averwe p e r c e n t  o,f t h o  t o t a l  particulate t h a t  w a ~  caugh t  in t h e  impinger  

H. A t h i r d  HI-Vol type  s t a c k  gas  sampling t r a i n  was used between t h e  two s i m u l -  

taneous EPA and L. A . r u n s  t h a t  were taken  on P l a n t  # 4 .  
by CWAPA and found t o  c o n t a i n ' a n  average  of 0.0934 g r a i n s  p e r  s t a n d a r d  cub ic  f o o t  

of exhaus t  gas .  These t h r e e  samples a r e  c l o s e r  t o  t h e  -115 g r a i n s  p e r  s t a n d a r d  
cub ic  f o o t  value measured by t h e  EPA t r a i n .  

Three samples  were taken  

." .,<i . . .1 I ' ,  ' 

. 
' .  
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PURPOSE 

The purpose of t h i s  s t a c k  gas  e v a l u a t i o n  i s  t o  de t e rmine  t h e  c o n c e n t r a t i o n  
( g r a i n s  p e r  s t a n d a r d  c u b i c  f o o t )  and t h e  p o l l u t a n t  mass rate (pounds p e r  
hour) of  t h e  atmospheric  emis s ion  from A s p h a l t i c  Concrete  P l a n t  U1. 

Two d i f f e r e n t  t ypes  of sampling t r a i n s  were used s imul t aneous ly .  The 
f i r s t  t r a i n  was designed by t h e  Environmental P r o t e c t i o n  Agency. The 
second t r a i n  was designed by t h e  Los Angeles County A i r  P o l l u t i o n  Con t ro l  
District  (See F igu res  1 and 2 ) .  

SUMMARY 

The c o n c e n t r a t i o n  a n d % p o l l u t a n t  maas rate measured by t h e  EPA t r a i n  f o r  
Runs 1 and 2 were 0.26 g r a i n s / s c f  and O.Z3gralns/scf and 53.0 l b / h r  
and 46.7 l b / h r  r e s p e c t i v e l y .  The c o n c e n t r a t i o n  and p o l l u t a n t  m a s s  r a t e  
measured by t h e  LA t r a i n  f o r  Runs 1 and 2 were 0.37 g r a i n s / s c f  and 0.36 
g r a i n s / s c f  and 81.41b/hr and 77.9 l b / h r  r e s p e c t i v e l y .  The a i r  t o  c l o t h  
r a t i o  of t h e  baghouse w a s  6.2 t o  1 and 4.5% of t h c  a g g r e g a t e  passed a #ZOO s i e v e .  

It was found a f t e r  t h e  e v a l u a t i o n  tha t  openings e x i s t e d  between t h e  a i r  
i n l e t  and c l e a n  a i r  o u t l e t  and t h a t  some bags were plugged. The openings 
were s e a l e d  and t h e  plugged bags were r e s t o r e d  t o  reduce s t a c k  o p a c i t y  and 
p o s s i b l y  resarnple t h e  p l a n t .  Following r e s t o r a t i o n ,  t h e  s t a c k  o p a c i t y  
w a s  judged t o  be e x c e s s i v e  by EPA and t h e  p l a n t  w a s  no t  resampled. 

The emissions are cons ide red  h i g h e r  than wel l  c o n t r o l l e d  baghouses.  
Comparabi l i ty  of sampling methods and q u a n t i z i n g  t h e  emission from a n o t  
unusua l ly  maintained baghouse s y s t e m  j u s t i f i e d  e v a l u a t i o n  of t h i s  p l a n t .  
P l a n t  p roduc t ion  rate,  d u r i n g  t h e  e v a l u a t i o n  was 330 t o n s  p e r  hour. 
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The purpose of t h i  
( g r a i n s  p e r  s t a n d a r d  E 

Ck'  

b i c  

PURPOSE 

v a l u a t i o n  is 
. t )  and t h e  p o l  

hour)  of^ t h e  a tmospheric  emission from Aspha 

... DEl.T=.: 
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de te rmine  t h e  c o n c e n t r a t i o n  
u t a n t  mass rate (pounds p e r  
tic Concrete  P l a n t  #2 .  

Two d i f f e r e n t  t ypes  of sampling t r a i n s  were used s imul t aneous ly .  The 
f i r s t  t r a i n  was designed by t h e  Environmental P r o t e c t i o n  Agency. The 
second t r a i n  w a s  designed by t h e  Los Angeles County A i r  Pollution C o n t r o l  
District  (See F igu res  1 and 2 ) .  

SUMMARY 

The c o n c e n t r a t i o n  and p o l l u t a n t  mass rate measured by t h e  EPA t r a i n  f o r  
Runs 1 and 2 were 0.079 g r a i n s / s c f  and 0.070 g r a i w / s c f  and 8 . 2 2  l b / h r  
and 7.48 l b / h r  r e s p e c t i v e l y .  The c o n c e n t r a t i o n  and p o l l u t a n t  mass rate 
measured by t h e  LA t r a i n  f o r  Runs 1 and 2 were 0.091 g r a i n s / s c f  and 0.065 
g r a i n s / s c f  and 9.92 l b / h r  and 9.32 l b / h r  r e s p e c t i v e l y .  
r a t i o  of  t h e  baghouse w a s  7 . 3  t o  1 and 4% o f  t h e  aggrega te  passed a # Z O O  s i e v e .  

The a i r  t o  c l o t h  

;. 4 6 
CIC 
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1 PUWOSE 

The purpose of t h i s  s t a c k  gas e v a l u a t i o n  is t o  determill  t h e  Concentrat ion 
( g r a i n s  p e r  s t a n d a r d  c u b i c  f o o t )  and t h e  p o l l u t a n t  mass rate (puunds p e r  
hour) of t h e  atmoepheric  emission from A s p h a l t i c  Concrete  P l a n t  113. 

Two d i f f e r e n t  t ypes  of sampling t r a i n s  were used s imul t aneous ly .  The 
f irst  t r a in  w a s  designed by t h e  Environmental  P r o t e c t i o n  Agency. The 
second t r a i n  was designed by t h e  Los Angeles County A i r  P o l l u t i o n  C o n t r o l  
District (See F igu res  1 and 2 ) .  

SUMMARY 

The c o n c e n t r a t i o n  and p o l l u t a n t  mass rate measured by t h e  EPA t r a i n  for 
Runs 1 and 2 were 0 .04  g r a i n s / s c f  and 0.05 g r a i n s / s c f  and 1 2 . 8  l b / h r  
and 14.2 l b / h r  r e s p e c t i v e l y .  The c o n c e n t r a t i o n  and p o l l u t a n t  ma55 ra te  
measured by t h e  LA t r a i n  f o r  Runs 1 and 2 were 0.034 g r a i n s / s c f  and 0 .043  
g r a i n s / s c f  and 10.5 l b / h r  and 13 .3  l b / h r  r e s p e c t i v e l y .  The g a l l o n s  t3  
1000 cfm r a t i o  f o r  t h i s  w e t  s c rubbe r  system was approximately 3 t o  7 g a l l o n s  
p e r  1030 cfm and t h e  s t a t i c  p r e s s u r e  d rop  a c r o s s  t h e  system is approximately 
2.5'' water a c r o s s  t h e  p re -cond i t ione r  and 2.5 acrrjss t h e  s t a c k  m i s t  e l i m i n a t o r  
f o r  a t o t a l  secondary c o n t r o l  system p r e s s u r e  d rag  of 5.0" water. 

--- 



V A L E N T I N E ,  F I S H E R  & T O M L I N S O N  
C 0 N 8 U L T I  N 0 E N  0 I N  E B R  8 

I... "." ...... 1 .._........_ I...., ..... 
s a o  L L O Y D  B U I L O I N O  - M A I N  s - o ? i ?  

S E A T T L E .  W A S H I N O T O N  V E l U l  

WM. M. VALENTINE.  M . E .  
ARTHUR I(. FISHER, M.E. 
OEORDE 0 .  T O M L I N S O N .  E. E. 

PURPOSE 

.DaocI*TcD: 
WAYNE A. H A N S O N .  M .  E .  
P. . .CHIC' .  C ICEUETTI  
O O U O L A S  W .  PASEOE.  E . E  
P U t L I P  W. W O O D R U F F  
D E N N I S  W. F I N L A Y S O N  
H E N R Y  L. ROYCE.  I L L Y M .  
T U O M A S  0 .  J O H N S ,  M . E .  
WILLIAM T. M C D O N A L D  
D E A N  A. HANNID 

The purpose of t h i s  s t a c k  gas  e v a l u a t i o n  is t o  de t e rmine  t h e  conc.entrat ion 
( g r a i n s  p e r  s t a n d a r d  cubi'c f o o t )  and t h e  p o l l u t a n t  mass ra te  (pounds p e r  
hour) of t h e  a tmosphe r i c , emis s ion  from A s p h a l t i c  Concrete  P l a n t  (14. 

Two d i f f e r e n t  t ypes  of sampling trains were used s imul t aneous ly .  The 
f i r s t  t r a i n  was designed by t h e  Environmental  P r o t e c t i o n  Agency. The 
second t r a i n  w a s  designed by t h e  Los Angeles County A i r  P o l l u t i o n  C o n t r o l  
District  (See F igu res  1 and 2). 

SUMxARY 

The c o n c e n t r a t i o n  and p o l l u t a n t  mass ra te  measured by t h e  EPA t r a i n  f o r  
R u n s  1 and 2 were 0.12 g r a i n s / s c f  and 0.11 g r a i n s / s c f  and 19.6 
and 18.0 l b / h r  r e s p e c t i v e l y .  The c o n c e n t r a t i o n  acd p o l l u t a n t  mass rate 
measured by t h e  LA t r a i n  f o r  Runs 1 and 2 were 0.14 g r a i n s / s c f  and 0.16 
g r a i n s / s c f  and 21.0 l b / h r  and 22.9 l b l h r  r e s p e c t i v e l y .  
r a t i o  of t h e  baghouse was 5.3 t o  

l b / h r  

The a i r  t o  c l o t h  
1 and 3% of t h e  a g g r e g a t e  pefised a P200 s i e v e .  
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The purpose of t h i s  s t a c k  gas  e v a l u a t i o n  is t o  determine t h e  c o n c e n t r a t i o n  
( g r a i n s  p e r  s t a n d a r d  c u b i c  f o o t )  and t h e  p o l l u t a n t  mass rate (pounds p e r  
hour) of t h e  atmospheric  emission from A s p h a l t i c  Concrete  P l a n t  # 5 .  

Two d i f f e r e n t  t ypes  of sampling trains were used s imul t aneous ly .  The 
f i r s t  t r a i n  was designed by t h e  Environmental  P r o t e c t i o n  Agency. The 
s e c o n d - t r a i n  was designed by t h e  Los Angeles County A i r  P o l l u t i o n  Con t ro l  
Dis t r ic t  (See F igu res  1 and 2 ) .  

SUMMARY 

The c o n c e n t r a t i o n  and p o l l u t a n t  mass ra te  measured by t h e  EPA t r a i n  f o r  
Runs 1 and 2 were 0.12 g r a i n s / s c f  and 0.14 g r a i n s l s c f  and 13.6 l b / h r  
and 15.31 l b / h r  r e s p e c t i v e l y .  The c o n c e n t r a t i o n  and p o l l u t a n t  mass ra te  
measured by t h e  LA t r a i n  f o r  Runs 1 and 2 were .0 .13  g r a i n s / s c f  and 0.17 
g r a i n s f s c f  and 16 .6  l b / h r  and 19.9 l b / h r  r e s p e c t i v e l y .  
r a t i o  of t h e  baghouse was 6.7 t o  1 and 6% of t h e  a g g r e g a t e  passed a # Z O O  s i e v e  

The  a i r  t o  c l o t h  
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PROCEDURE 

To a l l o w  comparison of  sampling procedures ,  two s t a c k  gas  sampling 
trains were used s imul t aneous ly .  
by the Environment P r o t e c t i o n  Agency (EPA). O f f l c e  of A i r  Programs 
and t h e  o t h n r  was designed very similar t o  t h e  ios Angeles County A i r  
P o l l u t i o n  Control D i s t r i c t  (LA). The trains sampled gas- from p o r t s  
90' a p a r t .  
t o  r each  s t a c k  t empera tu re ,  and sampling begun d t h  t r a v e r s i n g  b e i n g  
toward t h e  n e a r  s i d e  of t h e  s t a c k .  The EPA t r a l n  was i n s e r t e d  at  t h e  
near s i d e  of t h e  s t a c k  w i t h  t r a v e r s i n g  b e i n g  toward t h e  f a r  i d e  of t h e  
s t a c k .  T o t a l  e l a p s e d  s m p l i n g  time f o r  each run was t h e  same. 

The EPA sampling t r a i n  d i d  n o t  u s e  t h e  c y c l o n e  s i n c e  l a r g e  d i ame te r  p a r t i c u l a t e s  
were n o t  expected.  The equipment measures t h e  s t a c k  gas  v e l o c i t y  a t  t h e  
same t i m e  and t r a v e r s e  l o c a t i o n  t h a t  t h e  sample is b e i n g  c o l l e c t e d .  See 
F igu re  1 f o r  more d e t a i l s  on t h e  EPA p a r t i c u l a t e  s t a c k  gas  sampling t r a i n .  

One sampl ing  c r a i n  was des igned  

The LA t r a i n  was i n s e r t e d  t o  t h e  f a r  s i d e  of  t h e  s t a c k , a l l o w e d  

The s t a c k  v e l o c i t y  was c a l c u l a t e d  from v e l o c i t y  r e a d i n g s  t a k e n  d u r i n g  
sampling. The sample probe and f i l t e r  were h e a t e d  t o  250'F. t o  i n s u r e  
t h a t  water d i d  n o t  condense on and p lug  t h e  f i l i e r .  An ice  b a t h  t o  c o o l  
t h e  gas  from t h e  f i l t e r  c o n s i s t e d  of a b u b b l e r  w i t h  100 mill i l i ters of 
d e i o n i z e d - d i s t i l l e d  water, an impinger w i t h  100 mill i l i ters of t h e  same 
water, a dry b u b b l e r ,  and a bubb le r  w i t h  a weighted amount of s i l i c a  g e l  
r e s p e c t i v e l y .  

Following t h e  sampling,  t h e  t i u e  moi s tu re  c o n t e n t  of t h e  s t a c k  gas  w a s  
o b t a i n e d  by measuring t h e  amount of water t h a t  was added t o  t h e  impinger ,  
b u b b l e r s ,  and s i l i c a  g e l  weight .  

A s chemat i c  of t h e  LA s t a c k  gas sampling t r a i n  used f o r  t h e  e v a l a a t i o n  
is shown in Figure  2 .  The procedure fo l lowed  in using t h e  LA sampling 
t r a i n  is d e t a i l e d  in t h e  Los Angeles County AF'CD Source T e s t i n g  Manual, 1963. 

With t h e  LA t ra in ,  a v e l o c i t y  t r a v e r s e  was r u n  p r i o r  t o  sampling using "S" 
t ype  p i t o t  tube.  Thz average v e l o c i t y  was c a l c u l a t e d  and the flow rate  
through t h e  sampling t r a i n  was determined so t h a t  t h e  probe n o z z l e  v e l o c i t y  
equa led  t h e  average s t a c k  v e l o c i t y .  The p robe  was t h e n  i n s e r t e d  i n t o  t h e  
s t a c k  and e q u a l  areas were sampled f o r  a pre-determined l e n g t h  of  time. 

A t  t h e  end of t h e  t r a v e r s e ,  t h e  t r u e  m o i s t u r e  c o n t e n t  of  t h e  s t a c k  was 
o b t a i n e d  by measuring t h e  amount of water t h a t  was added t o  t h e  impingers  
and s i l i c a  g e l  weight .  The alundum f i l t e r  t h imble  was removed and d r i e d ,  
t h e  impinger water evapora t ed ,  and t h e  probe and impingers  r i n s e d  w i t h  
water which was also evapora t ed  t o  o b t a i n  t h e  p a r t i c u l a t e  we igh t .  

Two sampling p o r t s  were l o c a t e d  See F igu re  3 f o r  more 
d e t a i l s  on aampling p o r t  l o c a t i o n s .  The number of traverse p o i n t s  
were determined by 5PA s p e c i f i c a t i o n  f o r  t h e  EPA t r a i n  and by t h e  Los 
Angeles County Source T e s t i n g  Manual f o r  t h e  LA train.  

a t  90' a p a r t .  



PROCEDURE (Continued:) 

P l a n t  111 burned d i e s e l  o i l  t o  d ry  t h e  a g g r e g a t e .  
f o r  S u l f u r  Dioxide i n d i c a t e d  t h a t  some s u l f u r  cou.ld b e  p r e s e n t  in t h e  
f u e l  oil. 

A s t a c k  a n a l y s i s  

The f i n e s  recovery (primary) system u t i l i z e d  24-12"0 m u l t i c l o n e s .  
The emission c o n t r o l  (secondary)  system c o n s i s t e d  of a reverse flow 
p l u s e  j e t  type baghouse us ing  7916 s q u a r e  f e e t  of  f e l t - t y p e  media. The 
air  t o  c l o t h  r a t i o  was 6.2 t o  1.0. During t h i s  e v a l u a t i o n  an e s t i m a t e d  
25% of th= bags were i c o p e r a t i v e .  The e f f e c t i v e  a i r  t o  c l o t h  r a t i o  could 
then  b e  as h igh  as 10.0 t o  1 .0 .  

The p e r c e n t  of the a g g r e g a t e  pas s ing  a //ZOO s i e v e  was 4.5%. The p lan t  
p roduc t ion  rate measured durir .  t h i s  e v a l u a r f r ?  was 250 t o n s  p e r  hour .  



PRECEDURJ? (Continued:), 

P l a n t  #2  burned n a t u r a l  ghs t o  d ry  t h e  a g g r e g a t e .  
as a s tandby f u e l  d u r i n g  t h e  w i n t e r  when n a t u r a l  gas  is u n a v a i l a b l e .  

The f ines - r ecove ry  (primary) s y s  tem c o n s i s t e d  of two p a r a l l e l  cyc lones  
w i t h  an 88" d iame te r ,  40" long c y l i n d e r  and 85" long  cone. The emiss ion  
c o n t r o l  system c o n s i s t e d  of a r e v e r s e  f low-pu l se - j e t  t y p e  baghouse u s i n g  
f e l t - t y p e  media. The a i r , t o  c l o t h  r a t i o  i s  7.3 t o  1.0.  

The p e r c e n t  of t h e  a g g r e g a t e  p a s s i n g  a #io0 sieve was 4%. 
p roduc t ion  rate was measured a t  142 t o n s  p e r  hour .  

Diesel oil is  u t i l i z e d  

The p l a n t  
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PROCEDURE (Continued:) 

Cyclonic  flow was expec ted ,  observed and measurrd at  t h e  p o i n t s  where t h e  
sample was c o l l e c t e d .  . A  s e p a r a t e  "S" t ype  p i t u t  t u b e  was f i r s t  used t o  
measure t h e  v e l o c i t y  of t h e  s t a c k  gases. 
of  ove r  150,000 acfm was recorded.  The i n t e g r a l  "S" type p i t o t  t ube  ( P i t o b e )  
on t h e  EPA t r a i n  w i t h  t h e  nozz le  i n  p l a c e  measured a v e l o c i t y  which ilrdicatecl 
a flow rate of over  100,000 acfm. 
t h e  buttonhook n o z z l e  011 t h e  p i t o b e  a f f e c t s  t h e  v e l o c i t y  head r e a d i n g  i n  
m u l t i d i r e c t i o n a l  f low s t a c k s .  

A v e l o c i t y  i n d i c a t i n g  a flow rate 

It i s  hypo thes i zed  t h a t  t h e  p re sence  of  

Ve loc i ty  r ead ings  were t aken  i n  t h e  l o , i g e s t  a v a i l a b l e  s t r a i g h t  duc t  a f t e r  
twin long-cone cyclones and p r i o r  t o  t h e  w e t  s c r u b b e r  system. A more 
r e a s o n a b l e  v e l o c i t y  was measured i n d i c a t i n g  a flow rate of around 50,000 acfm. 

The f ines - r ecove ry  (pr imary)  and emission c o n t r o l  s y s t e m  (secondary)  f o r  
t h i s  p l a n t  Inc lude  twin cyc lones  (98" 0, 45" l ong  c y c l i n d e r  and 150" l o n g  cone!. 
The emission c o n t r o l  system c o n s i s t e d  of a c y c l o n i c  p re -con tac to r ,  a wet 
f a n ,  and a c y c l o n i c  s t a c k  m i s t  e l i m i n a t o r .  T o t a l  A P  a c r o s s  t h e  secondary 
is  5.0 i n c h e s  of  wa te r .  

P l a n t  p roduc t ion  r a t e  d u r i n g  the e v a l u a t i o n  was measured a t  173 t o n s  p e r  
hour.  P l a n t  d r y e r  c a p a c i t y  i s  h i g h e r  t han  173 tons  p e r  hour b u t  t h e  s c r e e n i n g  
p r o c e s s  l i m i t s  p roduc t ion .  

Water usage Is judged t o  be  6 gzi/Mcfm. 



PROCEDURE (Continued:) 

The f ines - r ecove ry  (pr imary)system on p l a n t  U4 c o n s i s t s  of two cyc lones  
i n  p a r a l l e l .  
w i t h  a 156" long cone. 
of baghouse s y s t e m  w i t h  5973 f e e t 2  of f e l t  t y p e  Eiltar media.  
The a i r  t o  c l o t h  r a t i o  is 5.3 t o  1 .0 .  

Diesel oil was burned t o  dry t h e  aggrega te .  
a g g r e g a t e  w a s  found t o  be  a b l e  co pass  a 11200 s i e v e .  
p roduc t ion  rate w a s  found t o  be 133 t o n s  p e r  hour .  

The c y l i n d e r  of t h e  cyc lones  n r e  96" d iame te r  and 58" l o n g  
The emission c o n t r o l  (secondary) system c o n s i s t s  

Three p e r c e n t  of t h e  
The p l a n t  



PROCEDURE (Continued:) 

The f i n e s  recovery (primary) system on p l a n t  115 c o n s i s t e d  o f  two p a r a l l e l  
cyclones.  The c y c l i n d e r  of  t h e  cyclone was 90" it ,  d i ame te r .  40" l ong  and 
t h e  cone was 82" long. 
of a baghouse w i t h  3393 squa re  f e e t  of f e l t - t y p e  f i l t e r  media. The a i r  
t o  c l o t h  r a t i o  is 6 . 7  t o  1 . 0 .  

N a t u r a l  gas  was burned t o  d ry  t h e  aggrega te .  
w a s  found t o  be  a b l e  t o  pass  a 11200 s i e v e .  The p l a n t  p roduc t ion  r a t e  was 
found t o  be  135 tons  p e r  h o u r .  

The emission c o n t r o l  (secondary)  system c o n s i s t s  

S i x  p e r c e n t  of t h e  a g g r e g a t e  
i 
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JOB EMISSIONS FROM HOT MIX ASPHALT PLANTS ~ ~ ~ J u l v i  1971 
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CLEAN-UP AND ANAZYSIS (EPA TRAIN) 

Clean-up was performed by f i rs t  c a r e f u l l y  removing t h e  f i l t e r  
and p lac ing  i t  i n  a conta iner  marked "Run X ,  Container  A." 
acetone and brushes were used to  c l e a n  t h e  nozzle ,  g l a s s  probe and 
cyclone. 
Container B.". 
measured to  the  n e a r e s t  0 . 1  m i l l i l i t e r o .  
mi l l i l i t e rs  was s u b t r a c t e d  and the d i f f e r e n c e  plus  t h e  water weight 
added t o  the  s i l i c a  g e l  was considered a s  t h e  amount of water 
c o l l e c t e d  during t h e  run. 
water r i n s e  of the impinger,  bubblers  and connectors were placed i n  
one conta iner  marked,"Run X, Container  C."  An ace tone  r i n s e  of t h e  
impinger, bubblers  and a l l  connectors  was performed and placed i n  s 
conta iner  marked "Run X ,  Container D." 
w i t h i n  the  bubbler  before  and a f t e r  t h e  run. 

Analysis of t h e  samples i n  each c o n t a i n e r  was performed accord ing  t a  
t h e  following "Specif icat ion" or e q u i v a l e n t  procedures: 

Run X, Container A - T r a n s f e r  t he  f i l t e r  and any loose  p a r t i c u l a t e  
from the sample conta iner  t o  a t a r e d  g l a s s  weighing d i s h  and d e s i c c a t e  
f o r  24 hours i n  a d e s i c c a t o r  o r  c o n s t a n t  humidity chamber conta in ing  
a s a t u r a t e d  s o l u t i o n  of calcium c h l o r i d e  or i t s  equiva len t .  
t o  a cons tan t  weight and r e p o r t  rhe r e s u l t s  to  t h e  n e a r e s t  0.1 mill igram. 

Run X,  Container B - ' h a s u r e  t h e  volume t o  t h e  n e a r e s t  0 .1  m i l l i l i t e r .  
Transfer  acetone washings from c o n t a i n e r  i n t o  a t a r e d  beaker and 
evaporate  t o  dryness a t  a m b i e n t  temperature and pressure.  Desiccate 
f o r  2 4  hours and weigh t o  a constant  weight.  
t h e  n e a r e s t  0 . 1  mill igram. 

Run X, Container C - Neasure the  volume t o  the  n e a r e s t  0.1 m i l l i l i t e r .  
E x t r a c t  o rganic  p a r t i c u l a t e  from the  water s o l u t i o n  w i t h  t h r e e  25  milli l i ter  
p o r t i o n s  of chloroform and t h r e e  25 mil l i l i t e r  por t ions  of e t h y l  e t h e r .  
Combine t h e  e t h e r  and chloroform ext rac ts  and t r a n s f e r  t o  a t a r e d  beaker. 
Evaporate u n t i l  no s o l v e n t  remains a t  about 70'F. This can be 
accomplished by blowing a i r  t h a t  has been f i l t e r e d  through a c t i v a t e d  
charcoa l  over  t h e  sample.  
weight. Report t he  r e s u l t s  t o  the  nearest 0.1 mill igram. After t h e  
e x t r a c t i o n ,  evaporate  . t he  remaining water t o  dryness and r e p o r t  t h e  
r e s u l t s  t o  the  n e a r e s t  0 .1  mill igram. 

Run X, Container D - Measure the volume t o  t h e  n e a r e s t  0.1 mi l l i l i t e r .  
Transfer  t h e  acetone wbshings to  a t a r e d  beaker  and evapora te  t o  dryness  
a t  ambient temperature and pressure .  Desiccate for 24 hours  and weigh 
t o  a cons tan t  weight. 

Blanks were taken on t h e  acetone,  e t h e r ,  chloroform, and deionized 
water and s u b t r a c t e d  from t h e  r e s p e c t i v e  sample volumes. 
paper used was s Mine S a f e t y  Appliance 1106 BH. h e a t  t r e a t e d  g l a s s  fiber 
mat. 

Reagent 

The acetone wash was placed i n  a c o n t a i n e r  marked "Run X, 
The volume of water i n  t h e  inp inger  and bubblers  was 

The o r i g i n a l  volume of 200 

The water from t h e  impinger  and t h e  ' 

The s i l ica  g e l  was weighed 

Weigh 

Report t h e  r e s u l t  t o  

Desiccate f o r  24 hours  and weigh t o  a cons tan t  

Report t he  r e s u l t s  to  t h e  n e a r e s t  0.1 mill igram. 

The €ilter 



CLEAN UP AND ANALYSIS (L.A. TRAIN) 

Clean-up w a s  performed immediately a f t e r  c o l l e c t i n g  t h e  sample i n  t h e  
f i e l d .  
thimble c a r r y i n g  case. The i n s i d e  of t h e  sampling nozzle  and t h e  gasket  
a g a i n s t  which t h e  t imble was h e l d  during t h e  test were both washed care- 
f u l l y  i n t o  a f i e l d  sample b o t t l e .  The b o t t l e  w a s  marked w i t h  t h e  t imble 
number. 

Any condensate t h a t  may have c o l l e c t e d  i n  t h e  hose between t h e  sampling 
probe and t h e  im2inger case w a s  c a r e f u l l y  shaken i n t o  t h e  impingers. 
The impingers were then removed from the  i n s u l a t e d  case holding t h e  ice 
bath and t h e  olume of condensate measured. The condensate was put  j n t o  
a sample b o t t l e  and marked with t h e  thimble number. 
set of impingers w a s  changed a f t e r  each sample. 

In  the  labora tory  t h e  thimbles and conten ts  were placed i n  an oven a t  
230' F. t o  250" F. f o r  four hours ,  cooled i n  a d e s i c c a t o r ,  allowed t o  reach 
labora tory  humidity and then weight determined t o  the  n e a r e s t  0.1 mg. 
The thimbles were he ld  i n  250 m l .  beakers so t h e  weight determinat ion 
required two weighings. A s imi la r  procedure had been followed i n  preparing 
t h e  c lean  thimbles f o r  f i e l d  sampling in order  t o  determine t h e i r  tare  
weight. The d i f f e r e n c e  between the tare weight and t h e  "d i r ty"  weight 
is t h e  weight of p a r t i c u l a t e  c o l l e c t e d  by t h e  thimble.  

The condensate and t h e  nozzles  washings were placed i n  s e p a r a t e  t a r e d  
beakers and evaporated t o  dryuess a t  230" F. t o  250' F. The beakers were 
placed i n  a d e s i c c a t o r  t o  cool ,  then allowed t o  reach labora tory  humidity 
and then weighed t o  t h e  n e a r e s t  0 . 1  mg. 
c o l l e c t e d  from these  l i q u i d s  and t h a t  c o l l e c t e d  i n  t h e  thimble represents  
t h e  t o t a l  p a r t i c u l a t e  c o l l e c t e d  during t h e  test .  

Blanks were taken from t h e  deionized water t h a t  w a s  used t o  i n i t i a l l y  load 
the  impingers and t o  wash the nozzle .  No weight w a s  detected f o r  t h e  
blanks during these  tes ts .  

The Alundum thimble w a s  removed from t h e  holder  and placed i n  the  

Normally t h e  e n t i r e  

The t o t a l  of t h e  p a r t i c u l a i z  



PARTICULATE CONCENTMTION AND PMR CALCULATION TERMINOLOGY - Dry gas meter volume @ meter temperature and p r e s s u r e ,  dry - acf  

Dry gas mefe r ' p re s su re  ( recorded as i n l e t  d e f l e c t i o n  acc ross  o r l f i c e  
meter) - "Hg 

= Dry gas meter , temperature  (average of I n l e t  and o u t l e t )  

= Standard atmospheric p r e s s u r e  (29.92" Hg) 

= Standard Temperature 

= Volume of water c o l l e c t e d  (expressed as vapor a t  s t anda rd  temperature 

(520 o r  530' R) 

and pressure) - scf 

= % water ,  c a l c u l a t e d  from amount t h e  t r a i n  c o l l e c t e d  in impinger,  
bubblers ,  and ,on s i l i c a  g e l  

- Mole f r a c t i o n  of dry gas 

= Molecular weight of dry s t a c k  gas  - l b l l b  mole 

- Molecular weight of w e t  s t a c k  gas  - l b / l b  mole 

- Molecular w e i g h t  of a i r  - l b / l b  mole 

= Velocity c o r r e c t i o n  c o e f f i c i e n t  f o r  gas dens i ty  

= Stack p res su re  ( s t a t i c  + barometr ic)  - "Hg 

= Veloci ty  c o r r e c t i o n  f o r  s t a c k  p r e s s u r e  

= P i t o t  tube p res su re  d i f f e r e n t i a l  - " H 9  

- Stack v e l o c i t y  @ s t a c k  cond i t ions  - f p s  - Stack flow rate a t  .:tack cond i t ions  - ocfm 

- Average s t a c k  temperature 

- Stack flow r a t e  a t  s t anda rd  cond i t ions  .- scfm 

- Time over which sample was c o l l e c t e d  - minutes 

- Veloci ty  of gases i n j i d e  nozzle d u r i n g  sampling - f p s  

- X i s o k i n e t i c  (3 10% d e s i r a b l e )  

.I P a r t i c u l a t e  concen t r a t ion  - g r a i n s l s c f  - X C 0 2  by volume in s t a c k  (12  ind ica te  no X C02 c o r r e c t i o n  is t o  
be  made) 
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PARTICULATE CONCENT'UTION AND PMR CALCULATION TERMINOLOGY i 

C - Part i cu la te  concentration corrected to 12X C02 

= Pol lutant  miss rate  - "concentration method" - lb /hr  

- Pol lutant  mass rate  - "area r a t i o  method" - lb /hr  

= Average pol lutant  mass rate  - l b l h r  

0 Part i cu la te  concentration corrected for  non- isokinet ic  sampling 

PMRP 

P E I R ~ ~  

I'mAvG 
C '  

condit ion -grains/scf  

PT 

AB Area of  S tack*-  lT2 

- Total  Par t i cu la te  c o l l e c t e d  by sampling t r a i n  - mg 

- Area of Nozzle - E2 An 














