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Enlss ion ca l cu la t i cns  were nude fcr the l a t e s t  year  fat. h4li:h product ion dat3 waz r e -  
p w t e d  i n  Volune I ( g c n w a l l y  1969-1971). 
e f f i c i ency ,  cyclones w e r e  assumed to 'be  9Gg e f f i c i e n t  3 r d  f ab r i c  f i l t e r s  59% ef f ic :ent  
The fo l l ow ing  assurcptiws were rrade conccrning the f u t u r e  ex ten t  of con t ro l  when oro- 
j e c t i f i g  m i s s i o n s  t o  1975 and 1980: (1 )  a l i n e a r  r e l a t i o n s h i p  e x i s t s  between the w e -  
sent  and fu ta re  leuel; (2 )  large operations loca ted  mainly i n  urban area: w i l l  reach 
:(!% app l i ca t i on  o f  the mst e f f i c i e n t  con t ro l  devices ( 9 9 f )  by 1985; ( 3 )  c a d l l e r  
operations w i l l  reach 1COZ c o n t n i  b y  1990 or  1995; (4)  app l i ca t i on  of cont ro l  a t  ~ m a i  
Gpcraticns i n  r u r a l  areas (e.g., country  e leva tors )  w i l l  increase o t  a f i x e d  rate 
( e . p . ,  3% pet. year!. 

To ca l cu la te  I!IC cLr ren t  l e v e l  o T  c o n t r c l  
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S W A R Y  

Volwine I of :his s tudy  r e p o r t s  on  Fmlssions Cont ro l  i n  t h e  Gra in  ana  
Feed I n d u s t r y  and c o n t a i n s  much ar a l l  a v a i l a b l e  in fomaCion  on emiss ion  
sourcc.s w i t h i n  t h i s  i ndus t ry .  I n  a d d i t i o n ,  i t  c o n t a i n s  a compi la t ion  o r  
q u e s t i o n n a i r c  d a t a  on chc e x t e n t  of c o n t r o l  t h a t  h a s  been app l i ed .  The ob- 
j e c t i v e  i n  Vo1iin.r 11 is t o  cva luace  t h i s  i n f o r a a t i o n ,  p repa re  an  rmis s ion  
invcntory  f o r  t h i s  i ndus r ry ,  and pro, ject  e n i s s i o n s  f o r  the  y e a r s  ! a i 5  and 
1980. 

Hethodology cnployed i n  p repa r ing  t h e  e t s i ss ion  inven to ry  c o n s l s r c d  
of t h e  fo l lowing  s t c p s :  

a. I d c n t i f y  ( u s i n g  iniorn3:lon i n  Voltme 1) Lhose o p e r a t i a n s  w i t h i n  
each sckmenr o f  t h e  i n d u s t r y  char  r e p r e s e n t  major -mission ~ O U K F C S .  

b. Dete rn ine  p roduc t ion  r ace  fo r  each segmcnt of  t h e  i n d u s t r y  and 
thc p o r t i c n  of t h a t   ate a s s o c i a r c d  w i t h  s p e c i f i c  t;perLtions. 

C. Eva lus t c  d a t a  p rc scn tcd  i n  \'ol.rme I and s t h c r  r e i c r c n c c s  i n  o r d e r  
t o  s e l e c t  chc c o s t  r c p r c s e n t a r i v a  e n i s s i o n  i a c t o r  f o r  cach  o p c r j t i o n .  

d. 1 'L i l izc  q u c s t i o n n a i r c  r c s u l t s  presen ted  i n  Volumc 1 t o  i d c n t i f y  
a p p l i c a t l o n  of c o n t r o l  on each  s p c r a t i o n  and c a l c u l a t c  average  c l f i c i c n c y  
o i  c o n t r o l .  

C .  C a l c u l a t e  annual  emiss ions  from each  o p e r a t i o n  us ing  f a c t , > r s  oh- 
t a i n e d  i n  t h c  p rcccd icg  sccps.  

' 
T h i s  scquencc o f  s t e p s .  o r  v a r i a t i o n s  t h e r c o f ,  was ernploycd t o  calcr l -  ,r. 

l a t e  emiss ion  q u a n t i t i c s  f o r  a l l  impor tan t  sources w i t h i n  each SeemenL i.l 
t h e  g r a i n  and Iccd  indus t ry .  A swmary  of  en . i ss ions  f c r  cach  scgment i s  ., , presented i n  T a b l r  1 and i a d i i a t c s  t h e  y e a r  & o r  whicir t h c s e  a r e  a p p l i c a b l e .  

.. ~~. . - Some segments do not inc lude  a l l  sou rce  c p e r a t i o n s  bccausc o f  l ack  o f  
incormat ion. 

i 



Table  1. SL7CIAHY OF ESTIFLUED EXlSSICSS 

- 
e i s s i o n s  Conf i d e w e  - Source_ ( t o n s l v c a r l  t i W,C~ 

Grain e l e v a t o r s  
Country e l e v a t o r s  (1971) 357,000 R 
Terminal e l e v a t o r s  (1971) 117,COO A 
Export e l e v a t o r s  (1971) 140,OOC B 

Feed mills (1969) 174,000 B 

Alfa l fa  dehydra t ion  p l a n t s  (1971) 16,000 B 

Wheat. m i l l s  (1971) 4 5 , 6 0 0 d  c 

Durum m i l l s  (1971) 6496I  c 

Rye m i l l s  (1971) 40851 C 

Dry co rn  mills (1970) 3 . 5 s e ’  B 

Rice m i l l s  (1970) 4 , 2 6 d  C 

Oat mills (1970) a75 C 

C o m i r c i a l  r ice d r y e r s  - b /  

Soybean m i l l s  (1970) 117,000 B 

... 

Wet c o r n  i n i l l s  (1970) 11,200 C 

- a /  

- b/  
- c f  

m i s s i o n  q u a n t i t y  does  no t  i n c l u d e  a l l  sou rce  o p e r a t i o n s  

NO estimate of emiss ions  due to lock o i  i n fo rma t ion .  
A - Good r e l i a b i l i t y  
B - F a i r  r e l i a b i l i t y  
C - Poor r e l i a b i l i t y  

because of  l ack  o f  i n fo rma t ion .  

I 

.. ... 
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The emiss ion  e s t i m a t e s  a r e  s u b j e c t  t o  s e v e r a l  l i m i t a t i o n s .  F o ~ e m o s t  
among t h e s e  is t h e  s c a r c i t y  o f  d a t a  needed f o r  de t e rmina t ion  o f  r ep resen ta -  
t i v e . e m i s s i o n  f a c t o r s .  I n  many c a s e s  e s t i m a t c s  had t o  be based on on ly  one  
o r  two p i e c e s  o f  d a t a  and i n  c e r t a i n  cases c o n t r o l l e d  e n i s s i o n  f a c t o r s  hsd  
f o  be used. Accuracy o f  t h e  emiss ion  c n l c u l a t i o n s  i s  a l s o  I i n i t e d  by t h e  
r e l i a b i l i t y  of  t h e  e x t e n t  o f  c m t r o l  information-  taker. f r m  t h e  qucs t ion -  
n a i r e s  and t h e  f a c t  tha: t h e s e  sane  d a t a  were used t o  c a l c u l a t e  t h e  a v e r -  
6g.e e f f i c i e n c y  o f  c o n t r o l  assuming 90% e f f i c i e n c y  f o r  cyc lones  and 99% 
u f f i c i e n c y  f o r  f a b r i c  f i l t e r s .  ' l e l i a n c e  on mceger d h t a  and t h e  u n c e r t a i n t y  
a i  a s s m p t i o n s  l i m i t  t h e  accuracy  o f  r e s u l t s .  a s  i n d i c a t e d  by t h e  con- 
f idence  r a t i n g s  (Table  1). and emphasizes  t i le  need Ccr addi . t iona1  c e s t i n g  
and in fo rma t ion  b e f o r e  more a c c u r a t e  e s t i m a t e s  can be obta ined .  

The emiss ion  v a l u e s  g i v e n  i n  Tab le  1 a r e  t.:!ieved t o  be t h e  b e s t  e s t i -  
mates  t h a t  can  be made w i t h i n  t h e  l i m i t a t l o n s  o f  th. a v a i l a b l e  da t e .  These 
e s t i m a t e s  yerc prepa red  for  more sources .  and, i n  more d e r a i l .  t han  was p r e -  
v i o u s l y  poss i l i l e .  They .are a l s o  b a s t d  on r h e  most c m y l e t e  i n f o m a t i r n  on 
e x t e n t  of  c o n t r o l  o b t a i o e d  from i n d u s t r y  q u e s t i o n n a i r e s  and should  t h e r e -  
f o r e  c l o s e l y  r e p r e s e n t  c u r r e n t  s t a t u s  o f  a p p l i e d  c o n t r o l  technology i n  
t h i s  indus t ry .  

h i s s i o n  c a l c u l a t i o n s  'were made f o r  t h e  l a t e s t  yea r  in which prcduc- 
t i n n  i n f o m a t i c n  vas r epor t ed  i n  Volume I. Thts ranged Crom 1969-1971. 
These c a l c u l a t i c n s  were used a s  a b a s i s  i o r  p r o j e c t i n g  m i s s i o n s  f o r  1975 
and 1980. The p rocess ing  r a t e s  f o r  rhose  y e a r s  were e s t i n a t e . 4  and t h e  Eol- 
lowing a s s m p t i a n s  were made concc r s ing  t h e  f u r u r e  i n  t h e  e x t e n t  of  c o n t r o l :  
(1) Larger o p e r a t i o n s  l o c a t e d  main ly  i n  urban a r e a s  (e.g., expor t  e l e v a t o r s )  
w i l l  be s u b j e c t  co more c o n t r o l  p r e s s u r e s  5 0  t h e y  would r each  100% a p p l i c a -  
t i o n  of c o n t r o l ,  us ing  t h e  most e f f i c i e n t  dev ices ,  by 1905; ( 2 )  a l i n e a r  " 

r e l a t . i o n s L i p  e x i s t s  betweeti t h c  p r e s e n t  and f u t u r e  1e;,el; ( 3 )  sma l l e r  
o p e r a t i o n s  w i l l  r each  1001 c o n t r o l  by 1590 o r  1991, dependins  on t h e  t y p e  
of  o p e i a t i o n ;  ( 4 )  sma l l  o p e r a t i o n s  i n  r u r a l  a r e a s  (c.g., c o u n t r y  e l e v a t o r s )  
should be under l c s s  c o n t r o l  p r e s s u r e ,  so t h e  a p p l i c a t i o n  o f  z o n t r o l  w i l l  
i n c r e a s e  a: a f i x e d  r a t e  ( c . 8 . .  3. p e r  year ) .  

The accuracy  o f  emiss ion  p r o j c c t l o n s  is l imit .ed p r i m a r i l y  by t h e s e  
asslrmptions,  however. t hey  a r e  cons ide re8  r easonab le  ac t h i s  t ime. 

R e s u l t s  of t h e  emiss ion  p r o j e c t i o n s  f o r  .each seepent  of t h e  g r a i n  aqd 
i c e 0  i n d u s t r y  a r e  shown i n  Tab le  2 .  

3 
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Table 2. SUMMARY OF PROJECTED EMISSIONS -_ 
Estimated h i s s i o n s  Projected Emissions 

Irdustry 

- 
( tonslyear) (tonslyear) -- 15 75 1980 (and Base Year) 

Grain elevators 
357,000 (1971) 376.00~ 33Y,OOO 
117,000 (1971) 126,000 115,000 

Country elevators 
T e d n s l  e levators 
&pert elevators 140,000 (1971) 132,000 s2.000 

174,000 (1969) 156.000 127,000 Feed mills 

16.000 (1971) 13 .C33 9,200 Alfalfa dehydration 

*eat n i i 1 d  

Durum niill&! 

Rye mill&/ 

D r y  corn m i l l & /  

Oat nllls 

Rice mill&/ 

Comercia1 rice dryers 

Soybean mills 

Yet corn mills 

45.500 (1971) 

649 (1931) 

409 (1971) 

3,550 (1970) 

875 (1970) 

4,260 (1970) 

- b l  

117,009 (1970) 

11,200 (1970) 

37.400 

628 

338 

2,870 

1,000 

3,730 

- b/ 

93,000 

10,800 
. .  

29,000 

507 

262 

1,980 

1,000 

2,420 

I b l  

61,400 

9,300 

a/  

h/ 

Edss ion  quanticies do not include all source 
operatious because of lack of informacion. 

No estimate o f  emissions due t o  lack o f  information. 

- 
- 
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1. I ~ R O D U C T I O N  

I n v e n t o r i e r .  of p a r t i c u l a t e  emiss ions  for  g r a i n  and f eed  0 p e r a t i o r . s  
have  been conducted i n  r t e  p a s t  by EPA and o t h e r s .  but t h e  p r e v i o u s  invcn-  
L o r i e s  were u s u a l l y  d i r e c t e d  p r i m a r i l y  to  g r a i n  c l e v a t o r s  and were based  
on  v e r y  nesgcr d a t a  on emiss ion  f a - t o r s  and e s t i m a t e s  of e x t e n t  of con-  
trol .  As p a r t  of EF'A C o n t r a c t  No. 68-02-0213. r e c c n t  test  d a t a  : IS  w e l l  a s  
prev ious  d a t a  w e r e  compiled ty MRI t o  up-date  i n f o n n s t l o n  on emiss ions  
and  m i s s i o n  f a c t o r s  for each  o p e r a t i o n  w i t h i n  each  segment of t h e  G r a i n  
and  f eed  indus t ry .  I n  a d d i t i o n ,  t h e  emiss ion  inven to ry  q u e s t i o n n a i r e s  
u t i l i z e d  i n  t h e  s tudy  enab led  a de t e rmina t ion  of the e x t e n t  oi- c o n t r o l  
Cor Q O S ~  i n u u s t r y  operat ions.* The impr6ved d a t a  base t h a t  r e s u l c e d  w a s  
used t o  p r e p a r e  a n  i n v e n t t r y  of p a r t i c u l a t e  emiss ions  for t h e  g r a i n  and 
f e e d  i n d u s t r y  which is r e p 2 r t e d  he re in .  

The SCgt m t s  of t h e  g r a i n  and feed i n d u s t r y  inc luded  i n  t h i s  e n l s s i o o  
inven to ry  are: 

A. 

B. 

C. 

D. 

E .  

F. 

C. 

H. 

I. 

G r a i n  E l e v a t o r s  

Fee$. H i l l s  

A l f a l l a  Dehydrat ing P i a n t s  

Whear H i l l s  

Durum !+ills 

xyc  Mills 

D r y  Corn H l l l s  

Oar N I l l S  

Rice H i l l s  

- ._ -- 
* See Appendix C o f  Ref. 1. 

r 



J. C o m e r c i a 1  Rice Dryers  

I;. Soybean H i l l s  

L. Wet Corn % i l l s  

The above! i k d u s t r y  sepnerzts are  thr.  s a m e  a s  t h a s e  covered  i n  Volume 
1,LI Shich  inc luded  p r o c e s s  d e s c r i p t i o n s .  i d e n t i f i c a t i o n  of m i s s i o n  
sources ,  p r e s e n t a t i o n  o f  emiss ion  d a t a ,  and d i s c u s s i o n  oC c c n t r o l  methods. 
e:C. Huch of t h a t  i n fo rma t ion  h a s  been i . t i l i z c d  i n  t h i s  report. 

The ne thodology used to  make emiss ion  e s t i m : e s  and chc  d a t a  and 
c a l c u l u t i o n s  p e r t i n e n t  t o  each  i p c r a t i o n  a r e  p r e s e n t e d  i n  t h i s  document. 
Assunpt iuns  used  and i n d i c a t i o n s  of t h e  r c l i a b i l i t y  of  t h c  e s t i m a t e s  a r e  
included w!th t h e  c a l c u l a t i o n s .  Data r equ i r ed  for c a l c u l a t l n g  emiss ions  
from S m e  s p e c i f i c  o p e r a t i o n s  a r e  s t l l i  no t  a v a i l a b l e .  t h e r e f o r e  t h e  emis- 
s i o n  inventory  p r e s e n t e d  i s  n o t  complete.  

The emiss i an  i n v e n t o r y  is p r i m a r i l y  based on amounts of g r a i n  processed  
by each segment o f  t h e  i n d u s t r y  i n  1970 or 1 ' 4 7 l . ( t h e  most r e c e n t  d a t a  com- 
p t l c d  I n  Volume 1).1/ Es t ioaLes  of f u t u r e  g r a i n  p roduc t ion  and m i s s i o n  
c o n t r o l  have been used LO p r o J e c t  emiss ions  fo r  t h e  y e a r s  1975 and 1990. 

. .  . .  
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11. GENERAL HEItlODOLOCY 

I n  o r d e r  t o  r e f i n e  e x i s t i n g  emiss ion  . i nven to r i e s .  it is necessa ry  
t o  upgrade t h e  d s t a  base  wi rh  i e s p e c t  t o  p roduc t ion  r a t e s ,  emiss ion  f a c t o r s ,  
pe rcen tage  o f  r r o d u c t i o n  c a p a c i t y  on which c o n t r o l  equipment is i n s t a l l e d .  
and c o n t r o l  equipment e f f i c i e n c y .  ?lost of t h c  a v a i l a b l e  emis s ion  f a c t o r  
d a t a  fo r  t h e  o p e r a t i o n s  w i t h i n  each  segment or t h e  i n d u s t r y  and s t a t i s t i c s  
on t h e  amount o f  g r a i n  p rocessed  through each  o p e r a t i o n  are p r e s e n t e d  i n  
Volume I a s  w e l l  a s  in fo rma t ion  on t h e  t y p e  and on  t h e  nlrmbcr of  c o n t r c l  
dev ices  i n s t a l l e d  on t h e  v a r i o u s  sources  o f  i n t e r e s t .  

The computa t ion  method used  t o  c a l c u l a t e  the cmiss ion  was. i n  most 
c a s e s ,  t h e  sane procedure  t h a t  had been a p p l i e d  i n  making t h e  n a t i o n a l  
i nven to ry  o f  p a r t i c u l a t e  emis s ions  f o r  t h e  P a r t i c u l a t e  P o l l u t a n t  System 
Study.?/ The fo l lowing  e q u a t i o n  w a s  used t o  c a l c u l a t e  emiss ions :  

. .  
where E = Emissions i n  t-ons p e r  year .  

P = Process  ra tc  i n  t o n s  p e r  year. 

e.f. Emission f a c t o r  i n  puunds pe r  t o n .  

a = Appl i ca r ion  of  c o n t r c l  ( exprcs sed  a s  che  f r a c t i o n  o f  amount 
p rocessed  t h a t  is equipped w i t h  c o n t r o l  equipment).  

c = E f f i c i e n c y  o f  c o n t r o l  ( a  f a c t o r  ind icaLi f ig  t h e  ave rage  e f f i c t -  
ency of t h e  c o n t r o l  equipment a p p l i e d  t o  t h e  p rocess ) .  

U c t a i l s  o f  t h e  c a l c u l a t i o n s  and a suormary of  che  c a l c u l a t e d  emis s ions  
a r c  p r c s c n t c d  i l l  t h e  fo l lowing  s e c t i o n s .  A l l  o f  t h e  d a t a  necessa ry  f o r  r h e  
c a l c u l a t i o n  us ing  Eq. (1) l iere  n o t  a v a i l a b l e  for eve ry  o p e r a t i o n  i n  each 
i n d u s t r y  sugment. FOK a f e w  o p e r a t i o n s ,  so L i t t i e  in format ion  was a v a i l -  
a b l e  t h a t  i t  was n 3 t  p o s s i b l e  Co es t ima te  emiss ions .  Sone e s t i m a t e s  were 
:.lade by somcwh-t d i f i e r e n c  methcds  which a r e  d e t a i l e d  i n  t h e  t e x t .  A l s o .  

i_ 
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s i n c e  more d a t a  were a v a i l a b l e  f o r  some s o u r c e s  than  f o r  o t h e r s ,  a con- 
f idence  r a t i n g  w a s  a s s igned  t o  t h e  emis s ions  q u a n t i t y  f o r  each o p e r a t i o n  
a s  an i n d i c a t i o n  of  t h e  accuracy  o f  t n e  ~ ~ 1 c u l a t c . d  emissions.* 

The estimated p a r t i c u l a t e  c;.,issions r e p r e s e n t  t h e  t o t a l  p o t e n r i a l  
emiss ions  from hand l ing  of  g r a i n  and o t h e r  p r o c e s s i n g  o p e r a t i o n s .  Some 
a r e  gene ra t ed  from i n t e r i o r  o p e r a t i o n s ,  such  a s  tunne l  b e l t s  and gallery--. 
b e l t s  i n  gra i i i  e l e v a t o r s ,  and may n o t  a l l  r each  t h e  e x t e r i o r  of  t h e  
f a c i l i t y .  Those e m i t t e d  from o p r r a t i o n s  t h a t  a re  p r i m a r i l y  e x t e r n a l  (un- 
loading ,  l oad ing ,  d ry iog ,  c t c . )  a r e  e m i t t r d  t o  t h e  ambient a i r .  There-  
:ore. t h e  p a r t i c u l n c d  :,-.issio:ie v ! c h  acLQal ly  e n t e r  t h e  atmosphere could  
range  from a minimum of t h o s e  J s sDc ia t ed  o n l y  wi th  e x t e r n a l  o p e r a t i o n s  
up t o  a maximum o f  the t o t a l  emis s ion  from a l l  ope ra t ions .  

i 

* A = Good r e l i a b i l i t y .  
B = F a i r  r e l i a b i l i t y .  
C = Poor r e l i a b i l i t y .  

. . ‘i 

. .  - .  
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111. MISSIOX CALCULATIONS -- 
A. G r a i n  E l e v a t o r s  

C r a i n  e l e v a t o r s  are  one  of t h e  major  sourccs o 

, .... . .  

p a r t  u l a t c  emissions 
w i t h i n  t h e  g r a l n  and f eed  indus t ry .  Thf s  s e p e n r  h a s  been subdiv tded  i n t o  
t h e  t h r e e  main c a t e g o r l e s  of  country.  i n l and  t c r n i n a l .  and export e l c v s t o r s .  
Many of  t h e  g r a l n  hand i ing  o p e r s t i r n s  o r  emiss ion  sources  w i t h i n  these  t h r e c  
c l a s s e s  of e l e v a t o r s  n re  s i m i l a r  and inc!ude: 

Unloading 

Loading 

Drying 

Cleaning 

Garner  and scale v e n t s  

E l e v a t c r  legs 

T r a n s f e r  p o i n t s  

sin 'Jciits 

Enissior. e s t i m a t e s  were made f o r  a o s t  a i  t h e  a h w c  sourccs  u i t h i n  t h e  
t h r e e  t y p e s  o t  e l e v a t o r s .  E s i s s i o n  f a c t o r s  c c r e  c e r i v e d  trom d a t a  compi l rd  
i n  Voiw-e I and were supplemented by d a t a  o l , t a ined  i n  a r ecen t  s tudy  con- 
duc ted  by NRI f o r  EPA, a t  a t e r m i n a l  e l e u a l > r  i n  Kansas City.?/  An ex- 
t e n s i v e  ann1ys:s o f  a v a i l a b l e  d a t a  on E r a i n  d r y e r  c n i s s i o n s  was n x e s s a r ) .  
i n  o r d e r  t o  d e r i v e  a r e p r e s e n t a t i v e  o v c r a l l  emiss ion  fac:or :or chat  s o u r c e  
because  oC t h e  d i i f i c u l t i c s  a s s o c i a t e d  wi th  s a n p l i c z  af d r y e r s ,  chc  v a r i a -  
t i o n s  i n  d r y e r  d e s i g n s ,  and t h e  sp read  i n  r epor t ed  Snj3pli:lg r e s u l t s .  Our  

a n a l y s i s  o f  g r a i n  d r y e r  emiss ion  f a c t o r s  is p r c s c n t c d  w i t h i n  t h e ,  sec t io l ,  
- on coun t ry  e l r u a t o r s .  

One d i f f i c u l t y  i n  making emiss ion  CalculaLions  f o r  g r a i n  e l e v a t o r s  
was d e t c n n i n a t i o n  of  t h e  am0ur.t o f  g r a i n  processed  through e.ach o p e r a t i o n  . 

9 



by each t y p e  o f  e l e v a t o r .  The f i r s t  r e q u i r c n e n t  was t o  a s c e r t a i n  t h e  amount 
u f  g r a i n  handled  o r  unloaded i n  each  t y p e  0 1 '  c l e v o t o r .  I t  wias t h e n  neces-  
s a r y  t o  ana lyze  n v a l l a b l e  i n f o m a t i o n  i n  orr!er t o  e s t i m a t e  t h e  amount o f  
g r a i n  processed  through e a c h  o p e r a t i o n .  T h i s  is  a complex problem because 
o n l y  p a r t  of t h e  g r a i n  t h a t  is unloaded is c leaned  o r  dryed ,  wh i l e  on  t h e  
o t h e r  hand, more g r a i n  may be t r a n s f e r r e d  - i n t e r n a l l y  than  i s  unloaded. 
The methodology used in e s t i r r a t i n g  tb amounts o f  gra i r .  p rocessed  through 
m c h  o p e r a t i o n  is d i scussed  within-?he a p p r o p r i a t e  s e c t i o n  C E  t h e  emiss ion  
c a l c u l a t i o n s  f o r  each  t y p e  o f  e l e v a t o r .  

1. Country e l e v a t o r s :  The major  o p e r h t i b n s  or source?. w i t h i n  coun t ry  
e l e v a t o r s  i o r  r n i c h  cvission q L a n t i c i <  s were c a l c u l a t e d  a r e :  

a. Unloading 

c. Loading 

d. Drying 

e. Cleaning  

I. Headhouse 

a. Unloading 

(1) Prccess tng  r a t e :  The a n n u a l  r e c e i p t s ,  o r  amolmt oE 
g r a l n  ur loaded ,  a t  coun t ry  e l e v a t o r s  d u r i n g  t h e  1971-1972 c rop  y e a r  was 
5.9 x l(i9 bushe l s  ( 1 7 7  x 10' t o n s )  (Val. I ,  page 21). 

( 2 )  h i s s t o n  f a c t o r :  An m i s s i o n  f a c t o r  of  0.64 I b f t o n ,  
f o r  t r u c k  u:rloadiag, !-'as t a k e n  K i m  a s t u d y  a t  n t e r m i n a l  e levator .? /  
T h i s  is  lower than  p rev ious  fac tors  for t h i s  sou rce  bu t  is based on 
q u a n t i t a t i v e  K e S ' J l t S  t h a t  a r e  cons idc rcd  t o  be t!ie most a c c u r a t e  a v a i l a b l e .  
l t  is p o s s i b l e ,  howrver. t h a t  t h e  emiss ion  f a c t o r  for cuun t ry  e l c v i t o r s  
could  be h l g h e r  t h a n  simi1a:- o p e r a t l o n s  a t  terminn:  e l e v a t o r s  because of 
t h e  f i e l d  dust, e t c . ,  but d e f i n i t i v e  t e s t  r e s u l t s  for c o u n t r y  e l e v a t o r s  
a:'e n o t  a v a i l a b l e .  

( 3 )  5x:e.r.t a f  control: .A 31% a p p l i c a t i o n  of c o n t r o l . v a s  
determined from Tab!c 177  i n  \'ox. 1. T h i s  same t a b l a  w a s  used t o  c a l c u l a t e  
a 907. e f f i c i e n c y  of c o n t r o l  a s s m i n g  90% e f f i c i e n c y  f o r  cyc lones  and 99% 
Lor f a b r i c  f i l ters.  

10 
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(4)  Ca lcu la t ion  of  emiss ions :  Using Eq. (1) and t h e  fac-  

tors  d e l i n e a t e d  above, one o b t a i n s  t h e  fo l lowing  e s t i m a t e  o f  p a r t i c u l a t e  
emiss ions :  / :  .. 

.. / 
(177 x lo6 t o n s )  (0.64 l b l t o n )  (ton/2.000 I b )  [1-(0.31)(0.90)] i .  

= 0.41 x lo5 tons' 

b. Turn ing  

(1) Process ing  ra tes  The amount o f  g r a i n  tu rned  was ca l cu -  
l a t e d  us ing ,  the amount of g r a i n  unloaded (177 x lo6 tons ) .  T h i s  was m u l t i -  
p l i e d  by 112.0, which is t h e  r a t i o  of s t o r a g e  c a p a c i t y  t o  amount r ece ived  
(Vol. I. page 20), and by 1.5. which is t h e  e s t i m a t e d  n m b e r  of t i m e s  t h a t  
s t o r a g e  volume is  tu rned  based on t h e  c o u n t r y  e l e v a t o r  q u e s t i o n n a i r e s  d i s -  
cussed  i n  Volume I. 

a 

(2) Fmission f a c t o r :  A v a l u e  of 1.40 l b l t o n  w a s  bsed f o r  
t u r n i n g ,  based on expec ted  s i m i l a r i t y  t o  t h e  t u n n e l  b e l t  emiss ions  f a c t o r  
determined i n  Ref. 3 f o r  a t e rmina l  e l e v a t o r .  

( 3 )  Ex?ent o f  c o n t r o l :  Because g r a i n  i s  o f t e n  tu rned  a t  
a c o u n t r y  e l e v a t o r  by r e t u r n i n g  i t  i n t o  t h e  r e c e i v i n g  p i c ,  t h e  same e x t e n t  
o f  c o n t r o l  a s  r e c e i v i n g  was assrrned. 

(4) c a l c u l a t i o n  O K  emiss ions :  P a r c i c u l r t e  emiss ions  from 
t u r n i n g  ope-:ations were e s t i m a t e d  u s i n g  Eq. (1) and t h e  a p p r o p r i a t e  f a c r  
t o r s .  A s  s h a w r i  t h e  fo l lowing  c a l c u l a t i o n s ,  emiss ions  a r c  e s t ima ted  t o  
be about  6.7 x 10 tons1ye:sr. 4 

(177 x lo6 t o n s  x 112.0 x 1.5)!1.40 lb!ton)(too/2,000 lb)[1-(0. j1)(0.90)!  

= 6.65 x 10' tonsB 

c.  Lnadinq 

I ,  (1) m s i n q  r a t e 8  I t  was assumed r h a t  over t h e  long 
Lenn, t h e  amount h a d e d  equa l s  t h e  amount cnlrJadid (177  x LO6 t o n s ) .  

( 2 )  k i s s i o n  f a c t o r :  A f a c t o r  at 0.21 !b / ton  was app l i ed  
to  load ing  o p e r a t i o n s  a t  coun t ry  e l e v a t o r s .  T h i s  [ a c t o r  is based on d a t a  
fo r  c a r  Laadin3 a c  a t e r m i n a l  e l e v a t o r .  No d e f i n i t i v e  d a t a  were a v a i l a b l e  
f o r  coun t ry  ele:.acors so t h e  same f a c t o r  vas  used as f o r  t e n i r i a l  e l e v a t o r s  
( s e e  secc ion  on un'oadirag). 

-3 
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(3)  Extent  o f  c o n t r o l :  Data i n  Vol. I (Table  177) were 
u t i l i z e d  t o  c a l c u l a t e  22% a p p l i c a t i o n  of  c o n t r o l  and 902 . f f i c i e n c y  o f  
con t ro  1. 

(4) C a l c u l a t i o n  of  emiss ions :  Emissions a r e  e s t ima ted  t:, 
be 19,000 t m s l y e a r  as  i n d i c a t e d  by t h e  fo l lowing  c a l c u l a t i o n .  

(111 x lo6 tons) (0 .27  lb / ton ) ( ton /2 ,000  lb)[1-(0.22)(0.90)] =i 0.19 X 10 tonsB  

d. 

- (1) Process ing  rete: Data in Volume I (page  23) I n d i c a t e d  
t h a t  25.4% o f  g r a i n  r e c e i p t s  are  d r i e d  a t  coun t ry  e i e v a t o r s .  The survey  
q d e s t i o n n a i r e s  used i n  d e r i v i n g  t h i s  f i g u r e  a lso i n d i c a t e d  t h a t  abet 
h a l f  o f  t h e  d r y e r s  a t  coun t ry  e l e v a t o r s  were rack  type  and t h e  o t h e r  h a l f  
were column type.  Based on t h i s  in format ion ,  it was assumed t h a t  1 2 . n  
of  g r a i n  r e c e l p t s  a r e  d r i e d  i n  each  t y p e  o f  d rye r .  

( 2 )  Emission f a c t o r :  A q u a r t t i t a t l v e  assessment  o f  emis- 
sions from g r a i n  d r y e r s  is d i f f i c u l t .  The emiss ion  ra te  frcm any g iven  
i n s t a l l a t i o n  is probably  dependent  upon t h e  d r y e r  c o c f i g u r a t i m .  i.e., 
rack o r  co lu rn ;  t h e  type  o f  g r a i n  b e i n g  processed ,  i.e., corn ,  soybeans,  
wheat;  t h e  f o r e i g n  material p r e s e n t  i n  t h e  incoming g r a i n ,  i . e . ,  dus t .  
c h a f f ,  "beeswing" h u l l s , .  etc.; and t h e  aPount o f  moi s tu re  removed which 
a f f e c t s  throughput .  

The l a r g e  v o l m e s  o f  a i r  passed  t h r o u g h , t h e  g r a i n ,  t h e  
l a r g e  c r o s s - s e c t i o n a l  a r e a  through which t h e  a i r  i s  exhaus ted  and t h e  
wide p a r t i c l e  s i z e  d i s t r i b u t i o n  o f  t h e  e f f l u e n t  contr 'Lbure t o  sampling 

' d i f f i c u l t i e s .  The absence  o f  an a c c e p t a b l e  t e s t  met!lcd zo!ics iomphrisons 
bstween r e p o r t e d  d r y e r  emission t e s t s  h i g h l y  unce r t a in .  

There  a r e  two main t y p e s  o f  g r a i n  d r j e r s  ( r a c k  o r  co l ,mn 
t y p e )  and because t h e  e n i s s i o n s  f r o n  t h e s e  t w o  t ypes  a.re d i f f e r e n t ,  t h e y  
have been cons ide red  s e p s r a t c l p .  A v a i l a b l c  d a t a  on ra:k d r y e r  emissions 
have been t a b u l a t e d  a s  s h x ,  i.i Tab le  3. Some o f  thi .  d a t a  i n  Table  3 are  
r e s u l t s  o f  emiss ion  t es t s  on  d r y e r s  equipped  w i t h  c o n t r o l  dev ices  m.ploy- 
i n g  some t y p e  o f  s c r e e n  t o  reduce  t h e  emis- ions.  The d a t a  and i .nformation 
f r o n  Table  3 a r e  d e p i c t e d  g r a p h i c a l l y  in Figure  1. T h t r  f i g u r e  i n d i c a t e s  
t h a t  t h e r e  may be a r e l a t i o c s h i p  between c o n t r o l  dcv lce  sc reen  s i z e  and 
t h e  emis s ioc  f a c t o r .  The f i g u r e  a l s o  i n d i c a t e s  t h a t  t h e  u n c o r t r o l l e d  emis- 
s i n n  f a c t o r  f o r  rack  dryers inay approach an  average  v a l u e  o f  ahout 3.0 
Ib lcon .  For  t h i s  reason ,  t h e  v a l u e  of  3.0 l b l t o n  has  been s e l e c t e d  a s  
the uncon t ro l l ed  emiss ion  f a c t o r  for r a c k  d y i e r s .  f.,r t h e  purpose o f ' e s t i -  
mat ing emiss ions  from rack  d r y e r s .  
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Table 3 .  CWIN GRYER ENHISSION DATA--RACK DRYERS 

Dryer 
T!1 roug hpu t 

(bu lhr )  

e i  2.150 

&' 1.000 

c 9  1.033 

E' 4.000 

EA/ 2.000 

FPl 1,000 

Control Device 
Screen - s i ze  

34'rnesh 

100 m e s n .  

None 

50 mesh 

None 

2b mesh 

Enisslons (Ibtton) 
Cont  ro I 1 ed Uncontrolled 

1.3 - 
0.1 LO 0.38 - 

- 3.9 

0.86 - 
- 2 .3  !/ 

0.34 3.1 I/ 

.. 

.. 

.. 

.. 

.. 

.. 
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- a /  Volune I, p. l3L. 

c l  Volume 1, p. 137.  
- d/ Volume I, p. 139.  
e /  Test rercrt =C:C' . . -~  -."." ':-*-. El'&. 

- h l  Voluiee 1, p. 1x9. 
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h i s s i o n  t e s t  d a t a  for column d r y e r s  a r e  spa r se ,  a s  can 
be seen  by t h e  t a b u l i t i o n  o f  d a t a  i n  T a b l e  4 .  Only two s e t s  o f  d a t a  were 
a v a i l a b l e  but t!iey a r e  i n  c l o s e  agreement  wi th  an av r rdge  of 0 .22  l b t t o n .  
However. o t h e r  unpubl ished d a t a  for a c c l m n  d r y e r  ( n o n c i r c u l a t i n g )  showed 
an emiss ion  f a c t o r  of  0 .45  15l ton ,*  Therefore .  t h e s e  t!iiee p i e c e s  of  d a t a  
were cons idered  t o g e t h e r  and an emis s ion  f a c t o r  o f  0.3 l b t t o n  was used 
for t h e  purpose  of e s t i m a t i n g  e rc i sa ions  fro? colunin d rye r s .  

Table  4. CRAIN .DRYER MISSION DATA--COLUNN DRYERS - 
Dryer  

Throughput Cont ro 1 
( b u j h r )  Device 

Ad 1,000 None 

&I , 400 timie 

- a t  Volume I, p. 139. 
- b/ Volume I ,  p. 140. 

I n  sununary, 

h i s s i o n s  ( l b l t o n )  
Uncont ro l led  e o n t  ro 1 l e d  

- 

o l l e  emis! 

0.21 

0.23 

in f a c t o r s  use i n  com- 
pg t ing  d r y e r .  e n i s s i o n s  a r e  t h o s e  show:, i n  Tab le  5 ( rack- -3 .0  l b t t o n ,  c o l -  
cmn--0.3 l b l t o n ) .  However,  it must be e-nplia. i z e d  Chat because of  t h e  smal l  

'amount o f  ava j le .b le  d a t a ,  spread  i n  t h e s e  d a t a ,  inadeqbate  i n f c m a t i o n  
r ega rd ing  s p e c i ~ f i c  t e s t  methods, use o f  d i r f c r e n t  s;m?!.ing t r a i n s ,  and 
t h e  lack  o f  complete  i n f o m a t i o n  r e g a r d i x g  f o r e i g n  m a t e r i a l  and moi s tu re  
d i f f e ; e n t i a l ,  t he52  e;.iission f a c t o r s  :.hould ~ n i y  he  cons idered  a s  i nd ica -  
t i v e  of  p o s s i b l e  a.Jeragr m i s s i o n s  and r.ot a b s o l u t e  nunbers for i n d i v i d u a l  
d r y e r s .  

( 3 )  Ercen: o f  cELr&: Data i n  Volume I (Table  1 7 7 )  shoved 
t h e  a p p l i c a t i o n  of cunc ro l  o n  al':. g r a i n  d r y e r s  t o  he 2SA. 1.t has  befn 
assumed t h a t  t h e  cont ro l le ,d  d r y e r s  a r c  p r i m a r i l y  t h e  r a c k  t y p e .  AS p r e v i -  
o u s l y  menrione2. h a l f  o f  t h e  Gryers  rlre rack  Lype, w h i l e  t h c  o t h e r  h a l f  
a r e  column type.  Therefore ,  *:he a p p l i c a t i o n  of  c u n t r o i  o n  r ack  type  d r y e r s  
i s  5(P/., v h i l e  t h e  app1icii t if .n of  c o n t r o l  on column d r y e r s  is  near 0%. 
The a s s o c i a t e d  e f f i c i e n - y  o f  c o n t r o l  v a s  e s t i m a t e d  t o  t e  80% f o r  t h t  de-  

1, 

.. . v i c e s  t h a t . a r e  used t o  copc ro l  rack  d r y e r  emiss ions .  . .  

* - Sn.:kground Infonna:&.1 for Federa l  Pcrfo.mance SLandards  - Grain 
- Hannling a:id -:is, Report p repa red  f o r  2PA by PEDCo-Eni.iron- 

. menta l ,  C inc inna t i ,  C!iio, J u l y  1071. 

I '  
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Dryer  Type S e l e c t e d  Emission F a c t o r  (uncon t ro l l ed )  ; I  L I  

< I  
Tab le  5 .  %FIX:\?:! OF EMISSION FACTOR SELECTIONS FOR CPAIIC DRYERS 

, I  

Rack 

Column 

3.0 l b / t o n  

0.3 l b l t o n  
/ .  

(4 )  Ca lcu la t ion  of  emiss ions :  Based on t h e  above f a c t o r s ,  
p a r t i c u l a t e  emiss ions  from g r a i n  d r y e r s  were e s t i m a t e d  a s  . fol lows:  

Rack d rye r s :  

(177 x IO6 t o n s  x 12.7%)(3.0 lb l ton ) ( ton /2 .000  15) [1-(0.50)(0.80)] 

= 20.23 x 103 t o n s  

Column d rye r s :  

(177 x 10 6 ton ,  x 12 .7%)(0 .3  l b / ton ) ( ton /2 ,000  l b )  [l-(O)] 

= 3.37 x 103 t o n s  

Dryer  t o t a l  23.60 x l o 3  t onsC  

e. Cleaning 

( I )  Process ing  r a t e :  Data i n  Vol.  I (page  23)  i n d i c a t e d  
t h a t  7.8% o f  r e c c i p c s  a t  count rv  e l e v a t o r s  a r e  c leaned .  

(2)  Emission f a c t o r :  An emiss ion  f a c t o r  o f  6.0 I b / t o n  was 
s e l e c t e d  based on d a t a  i n  Ref. 3. T h i s  i s  somewhat lower than  t h e  range  
of 7-10 Ib / ton  zhnwn i n  Tab le  31 01 Vol. I. but t h e  fo.mer v a l u e  i s  con- 
s ide red  t o  be based CII more d e f i n i l - i v e  d a t a  

( 3 )  Extent  o f  c o n t r o l :  Volume I (Table  177) showed 73% 
a p p l i c a t i o n  of  c o n t r o l  on c l e a n i n g  o p e r a t i o n s  a t  coun t ry  e l eva to r s .*  Data 
from tl.is Same t a b l e  were used t o  c a l c u l a t e  an E f f i c i e n c y  o f  c o n t r o l  o f  
95%. assuming %% e E f i c i e c c y  fo r  c y c l o n e s  and 99% f o r . f a b r i c  f i l t e r s .  

* I n  comparison w i t h  t h e  a p p l i c a t i o n  o f  c o n t r o l  for d r y i n g  i n  t e r m i n a l  
and e x p o r t '  e l e v a t o r s ,  t h e  73% a p p l i c a t i o n  f i g u r e  a p p e a r s  t o  be q u i t e  
high. I t  i s  p I ) S S i b l r  t h a t  d a t a  from q u e s t i o n n a i r e s  were not  r e p r e s e n t a -  
t i v e  o f  t h c  whole j .ndustry. '  Thus t h e  conf idence  l e v e l  o f  t h i s  f i g u r e  
is q u i t e  lo?. 
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(4)  Ca lcu la r ion  o f  emiss ions :  P a r t i c u l a t e  emis s ions  of  
t h e  o r d e r  o f  lo4 t o n s l y e a r  a r e  e s t i m a t e d  20 r e s u l t  f r o n  g r a i n  c l e a n i n g  a s  
shown i n  t h e  fol . lowing c a l c u l a t i o n :  

( 1 7 7  x lo6 t o n s  x 7 . 8 % ) ( 6 . 0  lbleon)(ton/Z,COO lb)[1-(@.73)(0.95)! 

= 1.38 lo4 ton& 

f .  Headtouse 

. (1) P rocess ing  r a t e :  Anount o f  g r a i n  p a s s i n g  through t h e  
headhouse ( l e g s )  i s  est im3ced t o  be t h e  sane  a s  t h e  t o t a l  o f  a l l  o p e r a t i c n s  
because g r a i n  n u s t  p a s s  through t h e  headhouse a t  l e a s t  once  fo r  each  o p e r r -  
t i o n .  Therefore ,  t h e  amount p a s s i n g  through t h e  headhouse was o b t a i n e d  by 
s m a t i o n  o f  t h e  amounts involved  i n  each  o p e r n t i o n  a s  d e s c r i b e d  i n  t h e  
preceding  s e c t i o n s  a through e ,  r e s u l t i n g  i n  a Total of 546 x lo6 tons .  

( 2 )  Emission f a r t o r :  An approximate  emiss ion  f a c t o r  of 
1.5 l b / t o n  was used f o r  t h e  headhouse ( l e g s ,  et:.) based on d a t a  i n  Ref. 
3. 

( 3 )  Extent  o f  c o n t r o l :  Volume I (Table  177)  shove6 597'. 
a p p l i c a t i o n  o f  c o n t r o l  on legs a t  coun t ry  e l e v a t o r s .  Almost a l l ' w e r e  con- 
t r a l l e d  w i t h  cyclor.es,  so e f f i c i e n c y  o f  c o n t r o l  was e s t i m a t e d  t o  be 90%. 

(4)  C a l c u l a t i o n  of  e a i s s i o n s :  Us ins  Eq. ( 1 )  and t h e  Lac- 
t o r s  d e l i n e a t e d -  f o r  headhouse p rocesses ,  one o b t a i n s  t h e  fo l lowing  e s t i h e t e  
of  p a r t i c u l a t e  emissions:  

(546 x lo6  tons) (1 .5  lb / ton ) ( ton /2 ,000  lb) [1- (0 .59) (0 .90) j  = 1-92 x 10 5 tons' 

g.  Suixary  of e s t i m a t e d  P a r L i c u l a r e  m i s s i o n s  f o r  coun t ry  e l c -  
va to r s :  A summary of  t h e  escimat.ed p a r c i c u l z t e  emis s ions  for t h e  maior  - - 
sources  a t  count ry  e l e v a t o r s  j.s presen ted  be.10.~: 
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. .  . .  

Country E l e v a t o r s  

a. Unloading 
b. Turn ing  
C. Loadiqg 
d. D-,ing 
e. Cleaning  
f. Headhouse 

S u b t o t a l  

- e /  A = Good r e l i a b i l i t y .  
B = F a i r  r e l i a b i l i t y .  
C = Poor r e l i a b l l i t y .  

Fmission (1971) 
( t o n l y e a r )  

0 .41 105 
6.65 io4 
0.19 105 
2.36 lo4 

1:gz 105 
1.38 x 10' 

3 . 5 1  x IOi 

Rat inpB_I 

B 
B 
B 
C 
C 
B 

B 

- 

2. In l and  te rmina l  e l e v a t o r s :  The ma jo r  i n d i v i d u a l  s o u r c e s  wi th in  
In land  t e rmina l  elevators for which e m i s s i o n  q u a n t i t i e s  were c a l c u l a t e d  
a r e :  

a. Unloading 

b. Turning 

E. Loading 

d. Drying 

e. Cleaning 

f .  Headhouse. 

g. T r i p p e r  

a .  bnloadina 

(1) Process ing  r e t e :  The annua l  r e c e l p t s  o r  anouct o f  g r a i n  
unloaded a t  trrminr.1 e l e v a t o r s  d u r i n g  t h e  1971-1972 cro? year v a s  1.8 x lo9 
bushe ls  ( 5 . 4  x 10' tons ) . l /  

. .  
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( 2 )  s x u o n  f a c t o r :  An emiss ion  f a c t o r  of 1.00 l b l t o n  
is e s t i m a t e d  f o r  rinlonding i n  t e r m i n a l  e l e v a t o r s .  T h i s  i s  based on t h e  
average  o f  t!tc cmissior.  f a c t o r s  for t r u c k  un load ing  i0.64 I W t o n )  and 
car  uriloading (1.30 lb!ton) found i n  Rrf .  2. T h i s  e s t i m a c e  is suppc r t ed  
by d a t a  i n  Tab le  d l  oi Vol. I .  

(3 )  =cot of  c o n t r o l :  A 592 a p p l i c a t i o n  o f  c o n t r o l  was 
determined us:=: Tabla 178 i n  Val. 1. T h i s  same t a b l e  xas used t o  d e t e r -  
mine an  e f f i c i e n c y  of  c o n t r o l  o f  93%. T h i s  i s  based on a weighted ave rage  
of t h e  c o n t r o l  d e v i c e s  assmuing Y O X  e f f i c l e n c y  for c y c l o n e s  and 99% ef- 
i i c i e n c y  for f a b r i c  f t l L e r s .  

(4 )  C a l c u l a t i o n  o f  emissions: P a r t i c u l a t e  emis s ions  cal- 
c u l a t e d  Cron kq. (1) nnd t h e  i a c r o r s  s e l e c t e d  r c s u l t  i n  t h e  fo l lowing  , ? se i -  
mate: 

A 
(5.4 x 107 Cons)(1.03 Ib/ton)(l:~,o00)[1-(0.59)(0.93)] = 1.22 x IO4 t o n s  

b. Turn ing  D 

(1) Y r o c e s s i n ~ ~ . ~ :  The armunt of g r a i n  t u r n e d  was c a l -  
c u l a t e d  usin,: t h e  anount of g r a i n  unloaded (5.4 x IO7 t ons ) .  T h i s  was 
m u l t i p l i e d  by 1 i l . i  xhich  is t h e  r a t t o  of s t o r a g e  c a p a c i t y  to  anount  
r ece ived  (Vol. 1. pnse  23) and by 1.0 which is t h e  e s t i m a t e d  nunber  o f  
times t h a t  t h e  s t o r a g e  ~ o l l p u ?  :s t u r n e d  based on q u e s t i o n n a i r e s  d i - x s s c d  
i n  Yo:. 1. 

( 2 )  h i s s i o n  f a c t o r :  A f a c t o r  o f  1.40 I b ? t m  v a s  used and 
was based on t h e  ~ z n n e l  b e l t  c n i s s i o n  f a c t o r  of  l.&O determined i n  Ref. 3. 

( 3 )  Extes t  ei coi~tr-fi: A 93. a p p l i c a t i o n  o f  c o n t r o l  w a s  
d e  . > m i n e d  u s i n g  Tab le  178 o f  Vel. 1. The s ~ m !  t a b l e  was s e d  t o  dntermitic 
an  t f f i c i e n c y  of c o n t r o l  cf 9377, assuming SrWL e f f i c i e n c y  f c r  cyc lones  and 
‘39% e f f i c i e n c y  f o r  i s b r i c  f i l t e r s .  

(4) C a l c u l a t i o n  o f  e n i r s i o n s :  P a r t i c u l a t e  emiss ions  a n  
t h c  order o f  4,OOci t o n s  a r c  e s t t n a t e d  u s i n g  Eq. ( I )  and t h e  p reced ing  
f a c t o r s :  

( 5 . ~  x 10’ t o n s  x l / l . 4  x 1.0)(1.40 Ib / ton) ( l /2 .oO0) j l - (O.C2) (0 .03 ) ]  

A = 3.78 x 103 t o n s  

19 
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(1) P r o c e s s i n g  r a t e :  It i s  ass-med t h a t  t h e  amount loaded  
is equa l  t o  t h e  amount unloaded (5.4 Y lo7 t o n s ) .  

12) Emission f a c t o r :  The emiss ion  f a c t o r  o f  0.27 I b f t o n  
f o r  loading  i n t o  cars was t aken  from Ref. 3. 

( 3 )  Extent  cf c o n t r o l :  A 30:: a p p l i c a t i o n  of c o n t r o l  w a s  
o b t a i n e d  from Table  178 o f  V o l .  I. Data from t h e  same t a b l e  were used t o  
c a l c u l a t e  an e f f i c i e n c y  o f  c o n t r o l  of 927.. 

(4) C a l c u l a t i o n  o f  emiss ions :  Emissions o f  t h e  o r d e r  of 
5,000 t o n s l y c a r  were e s t i m a t e d  u s i n g  Eq. (1). 

( 5 . 4  x lo7 tons)(0.27 l b / t o n ) ( l / 2 , 0 0 0 ~ [ 1 - ( ~ . 3 0 ) ( 0 ~ 9 2 ~ ]  = 5 . 2 5  x lo3 t ensA 

d. 

(1) Process ine .  race: b t a  i n  ('01. I (page  23) i n d i c a t e d  
t h a t  9.62 of t h e  grai .n  unloaded i s  d r i e d  i n  t e r m i n a l  e l e v a t o r s .  It  was 
a lso assumed t h a t  l i k e  * o u ? t r y  e l e v a t o r s  haLf o f  t h e  d r y c r s  a t  t e r n i n a l  
e l e v a t o r s  were rack t y p e  and t h e  o t h e r  h a l f  were collrmn type .  On t h i s  
b a s i s ,  i t  fol lows t h a t  4.8% o f  t h e  amxmt  unloaded is d r i e d .  i n  each type  
c f  d r y e r  [:.e., 2 . 5 9  s IO6 t o n s ) .  

( 2 )  h i s s i o n  f a c t o r :  An e t i s s i o n  f a c t o r  of 0.3 l b / t o n  
was used f o r  column d r y e r s  and 3.0 l b j t o n  for rack d r y e r s  (see  S e c t i o n  
1 . d . ) .  - 

( 3 )  Exten t  of c o n t r o l :  A 247'~ a p i s l i c a t i o n  of c o n t r o l  cas 
obra ined  from Table  178 o f  Vol. I and Lhe e f f i c i e n c y  of  c o n t r o l  was es t i -  
mated to be about 8W. for t h e  d e v i c e s  t h a t  a r e  used t o  c o n t r o l  d r y e r  ernis- 
s i o n s .  However, t h e  247- a p p l i c a t i o n  of c o n t r a 1  co\ 'ers  a l l  d r y e r s ,  h a l f  of  
which were assumed t o  b e  co l imn type and ha?f  rack  type .  :.: I n  t h e  c a s e  
of coun t ry  e l e v + t o r s ,  i t  was also assumed t h a t  rhe c e n t r o l l e d  d r y e r s  a r e  
p r i m a r i l y  t h e  rack type .  I t  t h e r e f o r e  fo l lows  t h a t  t h e  a p p l i c a t i o n  o f  

colirnn d ry7r s  is i tcar  'X. 
. c o n t r o l  on rack type  d r y e r s  is  48%, w h i l e  t h e  a p p l i c a t i o n  o f  c o n t r o l  on 

((.) Ca!cu la t ion  o f  e n i s s i o n s :  Emissions have been cal- 
c u l a t e d  'based on t h e  f a c t o r s  d e l i n e a t e d  above and i n  Eq. (1 )  a s  fo l lows:  

. .  
.. . 
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Rack d r y e r s :  

(2.59 x IO6 t ons ) (3 .0  lb / ton ) ( ton /2 .000  lb)[1-(0.48)(0.80)] 

3 = '2.39 x 10 t o n s  

Column d rye r s :  

(2.59 x lo6 t o n s ) ( 0 . 3  lb; ton)( ton/2,000 Ib)[l-(O)] 

r: 0.39 x 10 3 tons 

Dryer  t o t a l  2.78 x 103 t o n s C  

e. Cleaning 

(1) Process ing  r a t e :  From Vol. I (page 23) it was d e t e r -  
mined t h a t  t e r m i n a l  e l e v a t o r s  c l e a n  ? 2 . 1 2  o f  t h e i r  receipts. Using t h e  a m u n t  
o f  g r a i n  unloaded ( 5 . 4  x IO7 ton;) it.Slas determined t h a t  t h e  amount o f  
g r a i n  c l eaned  was 1.19 x 10 t o n s ,  7 

(2 )  Emission f a c t o r :  An emiss ion  f a c t o r  o f  6.00 l b f t o n  
is based on d a t a  from Ref. 3, which showed an emiss ion  f a c t o r  of 5.78 . , 

l b / t o n  f o r  c o r n  c l ean ing .  

(3) Extent  of c o n t r o l :  A 437: app!ication of  c o n t r o l  was 
o b t a i n e d  from T a b l e  178 of  V o l .  1. Data from t h i s  same t a b l e  were used t o  
de te rmine  t h e  e f f i c i e n c y  o f  c o n t r o l  o f  92%. 

(4 )  C a l c u l e t i o n  of emissions:  The ernlssions from t h e  c l e a n -  
i n g  p r o c e s s  were c a l c u l a t e d  t o  be 2.18 x io'' t o n s .  

(1.19 x 13 1 
t ons ) (6 .00  Ib/ton)(l/2.OOO)[l-(0.43)(O.Y~)] = 2.18 x lo4 tonsA 

f. Yeadhouse 

(1) Process ing  r a t e :  The amount o f  g r a i n  p a s s i n g  throl!gh 
t h e  headhouse is e s t i m a t e d  t o  b e  t h e  t o t a l  o f  a l l  o p e r a t i o n s  f16.4 x 10' 
t ons ) .  

( 2 )  Eaission fa<=: The e n i s s i o n  f a c t o r  o f  1.50 I b l t o n  .. 
was determined from Ref. 3 (1.49 l b / t o n )  which inc luded  g a r n e r  and s c a l e .  

( 3 )  Extent  o f  c o n t r o l :  A 78% a p p l i c a t i o n  of c o n t r o l  was 
o b t a i n e d  from Tab le  l i 8  o f  Vol .  I. T h i s  same t a b l e  was dsed t o  determine 
ail e f f i c i e n c y  of c o n t r o l  o f  9T,. 
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(4) C:tlculation o f  emiss ions :  Below a r e  t h e  c a l c u l a t i o n s  
o'f t o t a l  emiss ions  from t h e  headhouse p r o c e s s  i n  te rmina l .  e l < v a t o r s  ( p r i -  
mar i ly  l e g s ) .  

(16.4 x IO7 tonsl(1.50 I b / t o n ! ( 1 / 2 , 0 0 0 ~ [ 1 - ( 0 . 7 8 ~ ~ 0 . 9 ~ ~ ]  = A.44 x 10' t c n s  A 

g.  T r i p p e r  

(1) ProcessinR r a t e :  The amount o f  g r a i n  c r o s s i n g  t h e  t r i p -  
p e r  is assumed t o  b e  a t  l e a s t  equa l  t o  t h e  m o u n t  u n l o a d e d . p l u s  t h e  amount 
tu rned  (9.3 x lo7 tons) .  

( 2 )  F.mission fe: The emiss ion  f a c t o r  f o r  t h e  t r i p p e r  
o f  1.00 I b l t o i i  is a g r o s s  e s t i m a t e  based on f a c t o r s  for o c h e r  s o u r c e s  and 
o b s e r v a t i o n s  of t r i p p e r  emiss ions .  No d a t a  are  a v a i l a b l e  f o r  t .his  source. 

(3) Extent  o f  c o n t r o l :  A 22% a p p l i c a t i o n  of c o n t r o l  w a s  
t aken  from V o l .  I (Table  178) .  An e f f i c i e n c y  of  c o n t r o l  o f  94% was d e t e r -  
mined u s i n g  d a t a  from t h e  same i a b l e .  

c 

(4) C a l c u l a t i o n  of  emiss ions :  Emissions from t h e  t r i p p e r  
have  been approximated a t  3.67 x loL t o n s  a s  c a l c u l a t e d  below: 

(9 .3  x IO7 tons)f.1.00 Ib1ton~~11~.000~[1-~0.22~~0.?4~] = 3.67 x. I O h  consB 

h. --- S o m a i y  of t h e  c s l ( : s a t e d  c n i s s i o n s  f o r  t e rmina l  e l e v a t a t s :  
A s u r n a r y  o f  t h e  c a l c u l a t e d  emis r ions  for  t h e  major  soi l rces  a t  t e r m i n a l  
e l e v a t o r s  is prescntel  below: 

Terminal  E leva to r s  

a. Vn loa i ing  
b. Turn ins  
c.  Loading 
d.  Grging 
e. Cleaning  
f .  Headhouse 
8 .  T r i p p e r  

k i s s i o n s  (1971) - ( cons lyea r )  

3 
1.22 x 104 

5 . 2 5  103 
2.78 lo3 
2.18 lo4 

3.78 x 10 

4 3.44 x :o 
3.67 x 104 

Confidence 
Rat inaa  ;- 

A 
A 
A 
c .:- 

A 
B 

.l .. 

- 
A S u b t o t a l  1.17 x 10 5 

- a /  A = .CJod r e l i d b i l i t y .  
E = F a i r  r e l i a b i l i t y .  
C = Poor r c l i n b i l i t y .  
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3. Expor t  e l e v a t o r s :  The major i n d i v i d u a l  sou rces  w i t h i n  expor t  
e l e v a t o r s  f o r  which emissions quantities were c a l c u l a t e d  are: 

3. Kaloadinq 

3. Turning 

C. Loading 

d. Drying 

e. Cleaning  

f .  Hcadiicuse 

g. T r i p p e r  

a. Unloadin& 

( 1 )  Prccessinc r a t e i  The annua l  r e c e l p t s  or amount of 
graii, unloaded a t  e x p o x  c i e v a t o r s  d u r i n g  t h e  1971-1972 crop y e a r  was 
2.; x lo9 bushe l s  (8.1 x lo7 t o n s )  (Vol. I. page 21). 

( 2 )  Emission f a c t o r :  The e z i s s i o n  fac:or for  export e l e -  
v a t o r s  is a s s m e d  t o  be t h e  same as r h a t  for t c m i n a l  e l e v a t o r s .  1.0 l b l t o n .  

( 3 )  E x r e n t  o f  c o n t r o l :  An a p p l i c a t i o n  o f  c o n t r o l  of 76% 
N ~ S  ob ta ined  from T a b l e  179 of Vol. I. Th:s s u e  t a b l e  =as used t o  c a l c u -  
l a t e  an c f f i c i e r i c y  o f  ca:.rrol O C  457.. T h i s  was bascd on d ve igh ted  ave rage  
of  t h e  c o n t r o l  d e v i c e s ,  nssuning  901, e f f i c i e n c y  for  cyc lones  and a 997 c t -  
f i c i e n c y  for  f a b r i c  filters. 

(6) C n l c u l a t i o n  of emiss ions :  Using Eq. (1)  and t h e  fac- 
tors d e l i n e a t e d  above, emi.ssions from t h e  unloading  o p e r a t i o n  v e r e  deter-  
mined as  fol lows:  

<e.i  x IO 7 tons)(i.oa ib i toI I ) . (~~2 .roo)11- i0 .76 ) (0 .95 ) j  = 1 . 1 3  104 tons A 

b. T u  

( 1 )  Process inr .  r a t e :  The a m u n t  o f  x r a i n  turned  Kas c a l -  
c u - l a c 4  usin[; t h e  a iocnt  of g r s i n  3nloaded (9.1 x LO' cons) .  This v a s  

(117.6)  from Vel.  1 (page ?a) and by t h e  s s t i r c a t e d  n,mber  of tir.es t h a t  

quesci .Jnnairc5.  

. .  m u l c i p l i r d  by :he r a t i a  of t h e  storage c a p a c i t y  t o  the amilunf r ece ived  

. . .  _ .  . . . .  . -:k,c starasr v o l m e  is t u rned  (0.5) based on d a t a  frosn the a s s o c i a t e d  
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( 2 )  E d s s i o n  f a c t o r :  The m i s s i o n  factor f o r  t u r n i n g  is 

assumed t o  be th.e s ane  a s  t h a r  l o r  t e rmina l  e l e v a t o r s  ( 1 . 4 0  I b l t o n ) .  

( 3 )  Extent of c o n t r o l :  An 82% a p p l i c a t i o n  of c o n t r o l  was 
determined hy us ing  Table  179 oi Vol. I. This t a b l e  was a l s o  used t o  de-  
te rmine  an e f f i c i e n c y  of c o n t r o l  o f  937.. 

(4)  h l c u l a t i o n  of emissions:  Xte t o t a l  emis s ions  from 
t h e  t u r n i n g  of g r a i n  i n  exporr  e l e v a t o r s  h a s  been determined t o  be about  
LOO t ons .  

(8.1 x IO7 t o n s  x 117.6 x O.Sj(l.40 l b / t o n ~ ( i / 2 , 0 O o ~ j ~ - ( O . 8 2 ) ( 0 . 9 : ~ ) ~  

:- = 8.95 x 102 tonsA 

C. * 
(1) Processin); ,  rate:  I t  i s  assumed c h a t  t h e  amount loaded 

is equal  t o  t h e  amocnt unloaded (6 .1  x IO7 tons) .  

(2) Emission f a c t o r :  The emiss ion  f a c t o r  of 1.0 l b / t o n  ' 

f o r  s h i p  loading  is hased on  one test of s k i p  load ing  a t  a p o r t  e l e v a t o r  
i n  S e a t t l e  (EPA Emission T e s t  Report  73-CRN-5). 

( 3 )  E x t e n t  of c o n t r o l :  A 26% o f  a p p l i c a t i o n  of c o n t r o l  
is hased on d a t a  i n  Tab le  179 oi V o l .  I. T h i s  same t a b l a  was used  t o  de- 
te rmine  an e f f i c i e n c y  of  c o n t r o l  of 99%. 

( 4 )  Calcu la t ion  o f  emissions:  Emissions for t h e  load ing  

4 
o p e r a t i o n s  were c a l c u l a t e d  using Eq. (1 )  snd  t h e  f a c t o r s  de te rmined  above 
t o  be 3.12 Y 10 tons .  

(8.1 x lo7 t ons ) ( l .O  l b / t o n ) ( l / ~ , O 0 0 ) [ 1 - ( 0 . ~ 6 ) ( 0 . 9 0 ) 1  = 3.12 x IO4 t o n s B  

d. 

(1) Processi!:p. r a t e :  Date i n  Vol .  I (page  23)  i n d i c a t e d  
t h a t  1.G of t h e  g r a i n  I;nloadcd is d r i e d  i n  expor t  e l e v a t o r s .  U s i n g  t h e  
a x o u i t  of 8.1 x I O i  t o n s  unloaded, t h e  t o t a l  amount d r i e d  i s  e . 1  x 105 
t o n s .  I lowver ,  i t  was aga in  assuned  t h a t  h a i f  t h e  d r y e r s i r e  r ack  t p e  

a r e  d:ied i n  each  t y p e  d r y e r .  
and h a l f  a r e  column type.  I t  ?as t h u s  c s t ima tcd  c h a t  about  4.0 x 10 3. t o n s  
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( 2 )  Emission =r: The emiss ion  f a c t o r  and t h e  assump- 
t i o n s  on  which it is  hilsed a l e  t h e  same f o r  expor t  e l e v a t o r s  a s  f o r  
coun t ry  nnd t e rmina l  e l e v a t o r s  ( i .e . .  3.00 I b / t o n  f o r  r ack  d r y e r s  and .0 .3  
1S/ ton  f o r  column d r ) e r s ) .  

’ .  

i 

I 
I 
I 

.. mated t h a c  t h e  e x t e n t  of c o n t r o l  f o r  r a c k  t y p e  d r y e r s  i n  expor t  e l e v a t o r s  I 
I 
i 

( 3 )  E x t e n t  o f  c o n t r o l :  Eased on t h e  p r e v i o u s l y  d e s c r i b e d  .. e x t e n t  o f  c o n t r o l  de r ived  f o r  coun t ry  and t e rmina l  e l e v a t o r s .  it was e s t i -  

, is  about  SO%, whi le  t h a t  f o r  column d r y e r s  is n e a r e r  0%. The e f f i c i e n c y  ; 

o f  c o n t r o l  v a s  a l s o  e s t ima ted  t o  be about  80%. . .  

I (4) C a l c u l a t i o n  o f  emiss ions :  ?lie emiss ions  from d r y i n g  
4 ! 

amount to about  400 tons .  

Rack d r y e r s :  

(4.0 x LO5 tons)(3.0 lb / ton) ( ton /2 .000  lb)[ l - (0 .50)(0.80)]  = 360 t o n s  .. ’  

Column d rye r s :  

.. 

0 

! (4.0 x IO5 t ons ) (0 .3  lb / ton) ( ton /2 ,000  lb)[ l - (O)]  = 60 t o n s  
. .  

/’ 

. . .  

4 

Dryer  t o t a l  420 tonLC 

e. Cleanlng  

(1)  w c e s s i n g  r a t e :  From \‘ol. I (page  2;) it  was d e t s r -  
mined t h a t  cxporL c l e v a c o r s  c l e a n  14.6% o f  t h e i r  r e c e i p t s  (8.1 x-1.07 tons!. 
I t  was rhus  c a l c u l a t e d  t h a t  t h e  amount o f  z r a i n  c l eaned  was 1.18 x 107 
tons. 

( 2 )  k i s s i o n  f a c t o r :  The emiss ion  f a c t o r  f o r  c l e a x i n g  i n  
expor t  e l e v a t o r s  i s  assumed t o  be t h e  same a s  t h a t  i n  t e r n i n a l  e l e a t o r s  
(6.00 l b / t o n ) .  

( 3 )  Extent.  o f  conti&: A 3l”L a p p l i c a t i o n  o f  conLr5L L.;S 

o h t s i n e d  from Table  179 o f  Vol. I. Data f r o m  this same t a b l e  i n d i c a t e d  t h e  
e f f i c i e n c y  o f  c o n t r o l  was 94%. 

( 4 )  C n l c u l a t i o n o F m i s s i o n s :  En.ss ions have  beell c a l c u -  
lz-ea to be 2 . 2  x 10‘ t o n s  us ing  Eq. ( 1 ) -  acd  t h e  f a c t o r s  determined above. 

(1.18 x lo7 tons) (6 .@0 1 b / t o n ~ ( 1 / 2 , 0 0 0 ~ ~ 1 - ~ 0 . 3 ? ~ ~ 0 . ~ ~ ~ ~  = 2.30 x IO4 r.o,nsA 

...... 
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f .  Peadhouse I 
I : I  I 

(1) Process ing  rate: The amount of  g r a i n  p a s s i n g  through t j  

. ,  
t h e  headhouse is  estimated t o  be t h e  t o t a l  of t h e  smounts involved  i n  t h e  
p reced ing  f i v e  o p e r a t i o n s  (18.0 x 10 7 tons) .  ! ! i  .. ! ] I  

(2)  Emission f ac to r :  The emiss ion  Fac tor  3 f  1.5 l b / t o n  
w a s  assumed to  be t h c  same a s  t h a t  f o r  t h e  headhcuse of a t e r m i n a l  ele- 
va to r .  1 :  

(3 )  Extent  o f  con t ro l :  A 63% a p p l i c a t i o n  o f  c o n t r o l  was 
de tena lned  from Tab le  17‘4 Vol .  I. 1. T h i s  same t a b l e  was used t o  c a l c u l a t e  
an e f t  !ciency o f  c o n t r o l  o f  962. 

(4)  C a l c u l a t i o n  of emiss ihns :  The e m i s s i o r s  t o t a l  of 5.34 
x IO4 t o n s  c a l c u l a t e d  be low was de termincd  using Eq. (1)  and t h e  f a c t o r s  
d e l i n e a t e d  above. Tlie c a l c u l a t i o n s  are  a:, fol lows:  

(18.0 x ‘IO7 t r n s ) ( l . 5  1b/tnrij(1/2.000)[1-iO.63)(0.96)] = 5.34 x IO4 tonsA 

6. 7 r l p p e r  

(1) Process ing  r a t e :  Tlie m o u n t  o f  g r a i n  c r o s s i n g  t h e  
t r i p p e r  w a s  assumed t o  be a t  l e a s t  equa l  t o  t h e  amount unloaded p l u s  t h e  
amouiit t u r n e d  (8.6 x 10’ tons) .  

(2) Emission f a c t o r :  The emiss ion  fact0.r  o f  1.0 w a s  a s -  
sumed t o  be equa l  t o  t h e  emiss ion  f a c t o r  used for t h e  t r i p p e r  i n  a t e rmina l  
e l eva  tor. 

(3) Extent  o f  c o o a :  A 57:: a p p l i c a t i o n  o f  c o n t r o l  vas 
ob ta ined  from Table  179 o f  Vol. I. An e f f i c i e n c y  of c o n t r o l  o f  90:: was de-  
termined us ing  d a t a  from t h i s  same t a b l e .  

(4)  C a l c u l a t i o n  o f  emiss ions :  T r l p p r r  emis s ions  of 2.02 
4 x 10 t o n s  have  been c a l c u l a t e d  below. 

( 8 . 6  x lo7 tons) ( l .O Ib/ton)(l/2,000)[1-(0.57)(0.~3)] = 2.02 x IO4 tonsB  

h. S u m a r y  of c a l c u l a t e d  emiss ions  for ~ x p o r c  e l e v a t o r s :  A sum- 
mary o f  t h e  c a l c a l a t e d  emissiqns f o r  t h e  major  soc rces  a t  expor t  e l e v a t o r s  I, 

i s  p r e s e n t e d  below: 
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h.  Sumnary o f  ca1;ulated emiss ions  f o r  expor t  e l e v a t o r s :  A sum- 
mary of  the c a l c u l a t e d  emis s ions  f o r  t h e  major sources  a t  expor t  e l e v a t o r s  
is presen ted  below: i 

Emissions (1971) 
- ( ~ o n s l y e a i )  Export  e leva tors  

* G  a. Unloading 1.13 x lJ1 

2 
C.  Loading 

4 
d. Drying 4.20 x 10 

b. Turning 8.95 x 10; 

e. Cleening 2.30 x IO4 

g. T r i p p e r  2.02 x 104 

3.12 x 10 

f .  Headhouse . 5.34 x i n  

Confidence 
Rat in& 

A 
A 
B 
C 
A 
A 
B 

B 5 S u b t o t a l  1.40 x 10 

- a /  A = Good r e l i a b i l i t y .  
B = F a i r  r e l i a b i l i t y .  
C = Poor r e l i a b i l i t y .  

i 

, 

P 
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8.. Feea  Mills 

Feed m i l l s  conve r t  g r a i n  and o t h e r  i n g r e d i e n t s  i n t o  a mixed f ecd  by 
f i r s t  changing t h e  c o n s t i t u e n t s  to a d e s i r e d  form and s i z e ,  t h e n  mixing,  
and f i n a l l y  forming t h e  fazd  i n t o  t h e  d e s i r e d  shape  and cons i s t ency .  The 
b a s i c  f o m s  .If t h e  feed  a r e  mash, p e l l e t s ,  and crumbles. The o p e r a t i o n s  
which are p o s s i b l e  sources o f  emiss ion  i n  t h i s  p r o c e s s  a r e  3s Iollows: 

a. Receiviny 

b. Shippirrg 

C. Handl ing o p e r a t i o n s  ( t r a n s f e r  po jn t s .  g a r n e r  and s c n l e )  

d. Gr inding  

e. P e l t e t  coolers c 

The mixf.ng s t a g e  and t h e  p e l l e t  m i l l i n g  s t a g e  are n o t  c o n s i d e r e d  bo 
be major  sou rces  o f  emiss ions ,  t h u s  t h e y  a r e  no t  inc luded  i n  t h e  c a l c u l a -  
t i o n s  of emissions.  

a. Rece iv ing  

(1 ) -  Process in?  r a t e :  The t o t a l  f eed  p roduc t ion  f o r  1969 
w a s  r e p o r t e d  to be 104 x I O 4  t o n s  ( V o l .  I, page 2 9 ) .  

( 2 )  Emission f a c t o r :  Emission f a c t o r  d a t a  f a r  t h i s  opera-  
t i o n  a r e  s p a r s e ,  owing p a r t l y  t o  t h e  f a c t  t h a t  many ing red ien t s .  whole 
E r a i n  and o t h e r  more d u s t y  m a t e r i a l s  (b ran ,  dehydra ted  a l f a l f a ,  etc.  ), a re  
r ece ived  :.y bo:h t r u c k  and r a i l ,  and s e v e r a l  unloading methods are employed. 
For t h e s e  reasons ,  an average  emiss ion  f a c c o r  tiauld be d i f f i c u l t ,  i f  no t  
imposs ib le ,  t o  determine.  However, t h e  r x ~ v r r y  o p e r a t i o n s  are  aimila:  t o  
t!.o<e i n  a g r a i n  e l e u a t o r ,  a t  l e a s t  a s  f a r  a s  whole-grains are  concerned. 
Ihccefore . .  an emiss ion  f a c t o r  f o r  t h e  unloading  o p e r a t i o n  o n l y  h a s  been 
e s t i m a t e d  as  1.33 l b l t o n .  T h i s  was t h e  v a l u e  d e t e m i n e d  f o r  car  unloading  
(Ref. 3) and may be r e p r e s e n t a t i v e  o f  fced  ai l ls  s i n c e  q u e s t i c n n a i r e  i n -  
d i c a t e  t h a t  t h e  m a j o r i t y  of i n g r e d i e n t s  a r e  r ece ived  by r a i l  cars, The v e l u e  
hopefu!'y rrflrcrr. iiie I a c t  t h a t  some ing red iencs  E C ! : ~  Co be more d u s t y  
ther. wl!o:e g r a i n s .  . .  

( 3 )  Extent  rf cutiLrol: Data i n  Vol. I (Table  188) i n d i c a t e d  
an a v e r a s e  a p p l i c a r i o n  of c o n t r o l  of  about  3TA. From t h i s  t a b l e  t h e  weif;hted 
average  of e f f i c i e n c y  of c o n t r o l  tias c a l c u l a t e d  ta  be about  96%. 
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(6) C a l c u l a t i o n  of  emiss ions :  Rc!cei\*ing o p e r a t i o n  emis- 
s i o n s  i n  feed  r i l l s  have been determined to ba 6.66 x IOL Cons u;:lng t h e  
c a l c u l a t i o n s  belou: 

(106 x IO6 tons)(1.30 Ib/ton)(l/2,OOO?[l-(0.32)(0.96)] = 4.66 x IO4 t o n s  B 

b. Shipping  

( I )  Process inq  r a t e :  The amouzit af f eed  sh ipp ing  i n  1969 
w a s  104 Y lo5 t o n s  and d a t a  i n  Ref. 4 i n d i c a t e  t h a t  &bout  78%. o r  81 x 10 6 

t o n s ,  i s  bulk  shipment.  

(2) u s i o n  f a c t o r :  Load o u t  is a u j o r  source  of dus t  
emiss ions  but  l i t t l e  emizsion !actor d a t a  a r e  a v a i l a b l e  (Val. I ,  page 166). 
Hovever. it i s  known t h a t  of t h e  f eed  shipp,-d from feed m i l l s ,  most of t h e  
bulk. f eed  i s  sh ipped  by t r u c k .  As a b a s i s .  an emiss ion  f a c t o r  of 0 .21  l b l t o n  
was determined Crom c a r  loading  o f  g r h i n  i n  Kef. 3. However, because  i t  is 
a s s i a e d  t h a t  bulk ioadinf i  o f  f eed  m i l l  p roduc t s  would t end  t o  be more d u s t y  
thali  whole g r a i n ,  an emiss ion  f a c t o r  o f  0 . 5  lb /con  has  been a s s m e d  f o r  
t h i s  ope ra t ion .  

( 3 )  -&ent o f  cnnrrnl: A 5% a p p l i c a t i o n  o f  c o n t r o l  is  i n -  
d i c a t e d  i n  Tab le  188 oC Vol, 1. T h i s  sane t a b l e  was used to  c a l c u l a t e  an  
e f f i c i e n c y  of c o n t r o l  oi 90;- (mos; c o n t r o l l e d  by cyclones) .  

( 4 )  Calcu la t ion  o f  emiss ions :  The c a l c u l a t i o n s  beiow have 
.Seen  used t o  d e t e m i n c  a y e a r l y  p a r t i c u l a t e  emiss ions  t .utal  for sh ipp ing  
n i  10,500 tons .  

( 8 1  x 10 6 tonsl(0.S lb/ton)(1/2.033)~l-(4.!15)~0.CO)] = 1.95 x 10' tons C 

c. Handlina ?per- 

(1)  P r o c e i s i n c  r a t e :  The  anount. o f  material !nardled vas  -_ 
assumcd to be t h e  sa;nc a s  t h e  amount r ece ived  (104 s 10' tons) .  

(2) i n i s s im f ~ r t o r :  Lo m i i s i o n  f a c t o r  daca were a i - a i l -  
a b l e  Tor t h e . i n r c m a 1  hand l ing  o p e r n t i o n s  i n  reed m i l l s .  However, i t  vould 
bc exyccL-e.l t h a t  Ihey a r e  somewhir s i r - i l a r  t o  t h o s e  o f  g r a i n  e l e v a t o r s .  
Refcrznce  3 s:io*.ed Li:aL t i l ( .  most s i g n i f i c a n t  o f  thew o p e r a t i o n s  v a s  t h e  
i e p ,  hav ins  3n emiss ion  l a c c u r  o f  l , b 9  I b l t a n .  l'hc tu:,nal be l ;  emiss ion  
t a c t o r  of 1.40 I b l t c n  is com?arable 'hut feed  m i l l  o p c r ~ t i o n s  a r e  such that 
t h i s  n a y  n o t  tie a cunpiraol? o p e r a t i o n .  Ilovcver, a l l  n : l t u r i a l  uould be ex-  
pec ted  to pass Li:rough d ieg a t  l c a s i  twice  50 an o \ , era l i  e n i s s i . o i ~  f a c t o r  
for f eed  m i l l s  ha s  heen: e s t i n a t c d  e t  3.00 lb!Lon. 



( 3 )  Ext.ent o f  c o n t r o l :  A 35% a p p l i c a t i o n  of  c o n t r o l  was 
i n d i c a t e d  by T a b l e  166 oi Vol. I. Data from t h i s  same t a b l e  were used,  t o  
d e t e r n i n e  a 95% e f f i . c i ency  o f  c o n t r o l .  .. . .* 

(4: C a l c u l a t i o n  o f  m i . : .  P a r t i c u l a t e  emis s ions  i n  
t h e  hand l ing  p r o c e s s  were c a l c u l a t e d  a s  fo l lows :  

( : 0 4  x lo6 t ons ) (3 .@ lblton)(l/2.00~~)[1-(0.~5)(0.95)~ = 1.05 x lo5 t o n s B  

d. G r i n d l n g  - 
(1) P r o c e s s i n 8  rate: Data i n  Ref. 4 i n d i c a t e  t h a t  about  

47% of  t e e d  i n g r e d i e n t s  are whole gra’ns t h a t  r e q u i r e  g r ind ing .  I t  w a s  t h e r e -  
:ore e s t i m a t e d  t h a t  4777 of  t h e  t o t a l  i n g r e d i e n t s  (104 x 10 
which amounts to  49 x lo6 tons .  

t o n s )  is  ground, 

( 2 )  Emission f a c t o r :  Because of t h e  wide v a r i a t i o n  i n  
g r a i n s  and g r i n d e r s  used,  a n  ave rage  emis s ion  f a c t o r  would be d i f f i c u l t  
t o  determine. A sma l l  amount of d a t a  i n d i c a t e  t h a t  c o n t r o l l e d  e m i s s i o n s  
may range from 0.02-0.2 l b l t o n  (Vol. I ,  page 163). Data from T a b l e  188 
o f  V o l .  I i n d i c a t e  56.3X a p p l i c a t i o n  of L o n t r o l  w i th  some p l a n t s  u s i n g  
f a b r i c  f i l cers  t o  c o n t r o l  g r i n d e r  emissims. Consider iog t h e s e  f a c t s ,  .and 
a l ack  o f  o t h e r  d a t a ,  an ave rage  controll?cJ emission f a c t o r  o f  0.1 . l b / t o n  
h a s  been e s t ima ted .  

( 3 )  Ex ten t  o f  contro!: S i n c e  t h e  emission f a c i o r  is  for  
c o n t r o l l e d  emis s ions ,  t h e  e x t e n t  o f  c o n t r o l  i s  n 3 t  a p p l i c a b l e .  

( 4 )  C a l c u l a t i o n  o f  e_missions: P a r t i c u l a t e  emis s ions  f o r  
g r i n d i n g  were c a l c u l a t e d  a s  f o l l o x ~ s :  .-. .- 

(49 x lo6 tons ) (O . l  l b / t o n ) ( l / 2 , @ 0 ~ )  = 2.44 I 10’ t o n s  C 

e. P e l l e t  c o o l e r s  

(1) I’rocessing rate: Data i n  Ref. 4 i n d i c a t e  t h a t  abou t  
172 o f  t h e  f eed  i s  p c l l e t i z e d  so t h e  amount p e l l e t i z e d  was c a l c u l a t e d  to  
be 18 x 10 t o n s .  6 

(2) F.3ission faccor: The o n l y  a v a i l a b l e  emis s ion  f a c t o r  
d a t a  f o r  t h i s  o p e r a t i o n  i n d i c a i e d  t h a t  t h e  u n c o n t r o l l e d  emissiqn f a c t o r  
was q u i t e  h igh  (5-50 l h l t o n )  b u t  t h a t  t h e  cyc lones  were v e r y  e f f i c i e c t  (92- 
99.9%. Vol. I, page 164). The d a t a  a l s o  show c o n s i d e r a b l e  d i f f e r e n c e  i n  
con t . ro l l ed  emission l a c t o r s  for h o r i z o n t a l  and colcmn c o o l e r s .  D i s t r i b u -  
t i o n  of t h e s e  t w o  c o o l c r s  w i t h i n  t h e  i n d u s t r y  i s  not  knobn but  obse rva -  
t i o n s  i n d i c a t e d  t i :at  column c o o l c r s  are q u i t e  concoon. ?or this r eason ,  a 
c o n t r o l i e d  emission fa:cor or 0.1 I b l t o n  h a s  been t ? s t i n a t e d  f o r  t h e  in-  
d u s t r y  a s  a w h c l e .  
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(3)  Extent  o f  c o n t r o l :  S ince  t h e  emiss ions  f a c t o r  was f o r  
c o n W o l l e d  emiss ions  t h e  e x t e n t  of cGntro l  is unnecessary.  

(4)  G l c u l a t i o n  of emiss:ons: ’ P e l l e t  c o o l e r  emissfons were 
c a l c u l a t e d  t o  be 900 t o n s l y e a r ,  a s  shown below: 

(18  x lo6 tons) (O. l  l b l ton ) (1 /2 ,000)  = 0.90 x lo3 tonsC 

f .  Summary of emiss ions  f3r feed  m i l l s :  A swmary of t t c  c a l -  
c u l a t e d  m i s s i o n s  fo r  t h e  major  sou rces  i n  t h e  f eed  m i l l i n g  i n d u s t r y  is 
presen ted  below: 

. .  
Confiden e 

( t o n s l y e a r )  - R a t i n p  a 5  
Emissions (1969) 

4 a. Receiving 4.66 x ;i4 B 
b. Shipping 1.95 x lo5 C 

d. Gr inding  2.44 x in: C 

n 

1.05 x 10 B C. Handling 

e. P e l l e t  c o o l e r s  0.90 x 10 C - 

- a /  A = Good re1 iab : l i ty .  
E = Fa?r r e l i a b i l i t y .  
C i. &or r e l i a b i l i t y .  

.. 
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C. A l f a l f a  Dehydrat ion 

11 

; J  

A l f a l f a  dehydra t ion  p l a n t s  a r e  r e l a t i v e l y  smal l  o p e r a t i o n s  t h a t  re- . .. 
c e i v e  f r e s h  c u t  a l f a l f a  from t h e  f i e l d s  and dehydra te  it iu r o t a r y  gas-  
f i r e d  d r y e r s .  The most s i g n i f i c a n t  sou rce  o f  emiss ions  i n  t h t s  p r o c e s s  
i s  t h e  p r imary  d ry ing  cyc lone ,  which accoun t s  f o r  about 75"L o f  t h e  e m i z -  

; -1 

sions. Since  t h i s  one source  is so dominant, emiss ions  w i l l  be c a l c u l a t e d  
on n t o t a l  r a t h e r  t han  a s o u r c e  b a s i s .  

1. Processin-: Data  i n  Vol. I (page  4 5 ) ,  i n d i c a t e d  t h a t  t h e  
dehydrated a l f a l f a  p roduc t ion  f o r  :he 197I-yl972 c rop  y e a r  amounted t o  1.6 
x 106 t o n s  o f -mea l .  

... 2. n i s s i o n  f a c t o r s :  The emiss ion  f a c t o r s  f o r  a l f a l f a  dehydra t ion  , , .* 
i j ?  
. ) .  : . ,  p l a n t s  a r e  d i s c u s s e d  e x t e n s i v e l y  i n  Vol. I (pages  171-202). I t  was con- 

cluded t h a t  t h e  p l a n t  emis s ion  f a c t o r  probably  does  no t  exceed 20 l b l t o n .  
However, much o f  t h e  d a t a  used i n  a r r i v i n g  a t  t h i s  f i g u r e . w e r e  based on 

.? 

! 
r 2. - r :  

I 
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_ .  t e s t i n g  a t  p l a n t s  which were r e p o r t e d l y  wel l  "tuned" p r i o r  t o  t e s t i n g  o r  
in some c r a b s  were 'opera ted  below r a t e d  capaci ty .*  If t h e  above emiss ion  
f a c t o r - i s  t o o  low, it means t h a t  t h e  emiss ion  inven to ry  c a l c u l a t i o n  r e s u l t s  
are too  low.  Norbetheless,  this emiss ion  f a c t o r  h a s  been used becau.se i t  
is based. on  a n a l y s i s  o f  a l l  t h e  d a t a  p r e s e n t l y  a v a i l a b l e .  . .  , 

3. Extent  o f  c o n t r o l :  'Even though a few p l a n t s  have now i n s t a l l e d  
c o n t r o l  dev ices ,  the a p p l i c a t i o n  of c o n t r o l  was assumed t o  be  0%. 

4. C a l c u l a t i o n  r f  e n i s s i o n s :  The x o i a l  y e a r l y  emiss ions  f o r  t h e  
. a l f a l f a  dehydra t ing  i n d u s t r y  have been c a l c u l a t e d  below t o  be 1.6 x IO4 
tons.. 

(1.6 x lo6 t o n s  mesl)(20 l b / t o n ) ( l / 2 , n O O ) ~ l - O ~  = 1.6 x ' 4  10 t o n s  B 

. .  . . ... 
~ . :... . . 

* Smit.h, K e n  D., EPA Report 65012-14-00?, based on G r a n t  No. R801.446 
(January  1974). 
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D. Wheat Mills 

F rocess ine  o p e r a t i o n s  i n  wheat m i l l s  a r e  d i s c u s s e d  i n  Vol. I (pages  
203-213) and t h r e e  m;jor emiss ion  a r e a s  a r e  i d e n t i f i e d :  g r a i n  r e c e i v i n g  
and hand l ing ,  g r a i n  c l e a n i n g ,  and m i l l i n g  o p e r a t i o n s .  These a r e a s  have been 
d i v i d e d  i n t o  t h e  fo l lowing  s o u r c e s  f o r  which emiss ions  were ca l cu?a ted :  

a. Neceiving - 
b. P rec l ea rdng  and hand l ing  

C. Cleaning  house 

d. H i l l  house 

a. Heccivir.g 

( 1 )  P r o c e j s i n p  r a t e :  V o l w e  I (page 53). i n d i c a t e d  t h a t  
ir. 1971 t h e  m o u n t  of wheat r e c e i v e d  a t  m i J l s  was 555 x lo6 bushe l s  ( '6.6 
x 106 tons) .  

(2 )  Emission f a c t o r :  It would be  eq-cted t h a t  r e c e i v i n g  
o f  wheat f o r  wheat m i l l i n g  would be s i m i l a r  .n emis s ions  t o  t h a t  f o r  
t e r m i n a l  g r a i n  e l e v a t o r s  (0.64 and 1.30 Ib l ton) .21  Data i n  Voi. I. page 
182, for f l o u r  oills p r e s e n t  c o n t r o l l e d  emission f a c t o r s  f o r  f a b r i c  f i l t e r s  
tilt ?.t is d i f f i c u l t  to use t h e s e  d a t a  for e s t i m a t i n g  unconr ro l l ed  emiss ion  
f a c t o r .  The re fo re ,  t h e  d a t a  from Ref. 3 were used t o  e s t i m a t e  an  emiss ion  
f a c t o r  of  1.0 l b l t o n  f o r  r e c e i v l a g  by t r u c k s ,  c a r s ,  and barges .  

(3)  Extent  of c o n t r o l :  An a p p l i c a t i o n  of c o n t r o l  o f  75% 
was ob ta ined  f ro= Table  201 of Vol. I. Data from t h i s  same t a b l e  were used 
t o  c a l c u l a t e  a weighted ave rage  e f f i c i e n c y  of  c o n t r o l  of 95'7. 

(4) C a l c u l a t i o n  o f  emiss ions :  Equat ion ( 1 )  and t h e  f a c t o r s  
exp la ined  a b o w  were used t o  c a l c u l a t e  p a r t i c u l a t e  emi.scions of  about  3,000 
t o n s l y e a r  i n  t h e  equa t ion  below: 

(1.6.0 x lo6 to:1$.)!1..0 lblton)(l/2,00O)[l-(0.70)(0.9S)] = 2.78 x IO3 tor.sB 

b. P r e c l e a n i n s  and hand l ing  

(L). Proressin-:' The amount o f  g r a i n  involved  i n  t h i s  
p rocess  i s  assumfd' t o  be t h e  - m e  a s  t h e  amount r ece ived  (16.6 x 10 b t o z s ) .  .- 

The f a c t  t h a t  sone g r a i n  is handled  more than  once is  taken  i n t o  account 
a s  p a r t  of t h e  emiss ion  f a c t o r  e s t i n a t e .  
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f 2 )  h i s s i o n  f a c t o r :  Very l i t t l e  d a t a  on  u n c o n t r o l l e d  e m i s -  
s i o n s  from p r e c l e a n i n g  were a v a i l a b l e .  P r e c l e a n i o g  was assumed eo c o n s i s t  
of s c a l p i n g  t y p e  o p e r a t i o n s  s h i c h  s h o u d & e  a minor  source  i n  r e l a t i o n  to  
handling. S i n c e  u s a b l e  d a t a  an  u n c o n t r o l l e d  emis s ions  from hand l ing  s o ~ r c e s  
u r r e  lack ing .  d a t a  from h a n d l i n g  SOUKCCS i n  g r a i n  e l e v a t o r s  i n  Ref. 3 were 
used even though i t  does  not  i n c l u d e  an  emiss ion  f a c t o r  for t h e  t r i p p e r .  
However. it d i d  i n c l u d r  a t u n n e l  b e l t  (1.60 I b l t o n )  and l e g s  (1 .49  I b l t o n ) .  
I t  is  knovn t h a t  t h e  g r a i n  p a s s e s  th rough  Lke l e g  a t  ?.eazt twice i n  a f l o u r  
m i l l .  Therefore .  a cumula t ive  emis s ion  f a c t o r  of 5.0 Ib l ron  was estimated 
f o r  a l l  h a n d l i n g  o p e - a t i o n s .  

- (3)  An .85% a p p l i c a t i o n  of c o n t r o l  w a s  
determined i n  T a b l e  201 of Val. I. These  same d a t a  were used t o  c a l c u l a t e !  
an e f f i c i e n c y  of co r . t ro l  of 95%. 

Extent  of c o n t r o l :  

( 4 )  C a l c u l a t i o n  o f  emissfons: The y e a r l y  emissions have  
been c a l c u l a t e d  t e low t o  be about  8,000 tons.  

(16.6 x IO6 tons)(S.O lblton)(1/2,000)[1-(0.85)(0.95)] = 7.89 x 10 3 tonsB 

C. C l e a n i n g  house 

(1) Process ing  r a t e :  The amount p rocessed  was assumed to  
be tl;e same a s  amount r ece ived  (16.6 x 10 6 tons ) .  

(2)  ' h i s s i o n  factor; Cleaning  is accomplfshcd by B v a r i e t y  
of means but o f t e n  i n c l u d e s  a i r  a s p i r u t i o n  t o  remove l i g h t e r  i m p u r i t i e s  
a s  w e l l  a s  d i s c  s e p a r a t o r s  and s c o u r e r s .  Each of t h e s e  can bc a source  of 
dus t  emiss ion  bu t  only a sma l l  amount o f  d3:a on c o n t r o i l e a  scurces were 
a v a i l a b l e .  T h e r e f o r e ,  it was nrlt p o s s i b l e  t o  de te rmine  an emissiorl  far:or.  

( 3 )  Extent  o f  c o n t r o l :  Data were i n s u f f i c i e n t  co de te rmine  
e x t e n t  o f  c o n t r o l .  Houevsr. Vol.  I d i d  i n f e r  t h a t  i t  is probably  q u i t e  !jig11 
wi th  c o n t r c l l e d  houses  us ing  7 5 i  f a b r i c  f i l t e r  and 25% cyclones.  

( 4 )  C a l c u l a t i o n  of emis-: h i s s i o n s  could  n o t  be e s t i -  
mated because o f  i n s u f f i c i e n t  i n fo rma t ion .  

d. M i l l  house 

(1)  Processine. r a t e :  T h e  amount o f  Gra in  processed  is a g a i n  
assuned t o  be 16.6 x 106 tons.  

( 2 )  h i s s i o n  i a c t o r :  Opera t ions  i n  t h e  m i l l  house a r e  complex 
and aga in  v e r y  l i t t l e  e m i s s i o n  d a t a  a r e  a v a i l a b l e .  Howcver, V e l .  '1, page  

- 209, c i t e s  one r e p o r t  .uh ich  i n d i c a t e d  t h a t  d u s t  gene ra t ed  i n  ro l le r  m i l l s  
may average 70 l b / t o n .  T h i s  s o u r c e  and t h e  p u r i f i e r s  might,  t h e r e f o r e ,  ac- 
c-unt f o r  more chan 70 lb / ton .  
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' ' (3) Extent  of c o n t r o l :  Due t o  t h e  e,conomic v a l u e  o f  t h e  
priiducts,  t h e  e x t e n t  of c o n t r o l  is q u i t e  high:Tablo 201 of V o l .  I i n d i -  
cn ted  a 96% a p p l i c a t i o n  of  c o n t r o l  and was used t o  c a l c u l a t e  98% e f f i c i -  
ency of c o n t r o l .  

( 4 )  G l c u l a t i o n  o f  emi-: M i l l  house emis s ions  were 
determined t o  be 3.49 x 1W+ tons .  The c a l c c l a t i o n s  a re :  

(16.6 x lo6 tons) (?O ib/r0~)(1/2,000j[l-(0.96)(0.98)] = 3.49 x 10 4 t o n s  B 

e. SumDary o f c a l c u l a t e d  emis s ions  f o r  wheat m i l l s :  The emis- 
s i o n  f igure  fo r  n i l l i r l g  is higher  t h a n  t h a t  f o r  p r c c l e a n i n g  and hand l ing  
and may be  e r roneous ly  high. However, t h e  loading o f  bran and  s h o r t s ,  
which have not been inc1t:ded in any c a l c u l a t i o n s .  a l s o  is a s o u r c e  of 
emissions.  The re fo re ,  t h e  t o t a i  emis s ions  for wheat m i l l s  s.Jnnnarized below 
may no t  be g r e a t l y  enaggeril ted,  bu t  conf idence  i n  r h e  c a l c u l a t e d  q u a n t i t i e s  
i S  low. 

Emissions (1971) Confidence 
( t o n s l y e a r )  Rat i n & .  

B 3 
3 

a. Recciv ine  2.78 x IO 
b. P rec l ean ing  and h a n d l i n g  7.89 io  B .  

d. M i l l  house 3.49 x 10 
C. Cleaning  house I n s u f f i c i e n t  i n p r z a t i o n  C 

T o t a l  4.56 104 C 

B - 
. .  

._ a /  A = Good r e l i a b i l i t y .  
B = F a i r  r e l i a b i l i t y .  
C = Poor r e l i a b i l i t y .  

3: 

/I 
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E. Durum N 1 . l l s  

The s o u r c e s  of  emiss ions  i n  durum m i l l s  can  be c a t e g o r i z c d  i n t o  t h e  
s a w  t h r e e  a r e a s  a s  wheat mil1.s. The f o u r  s o u r c e s  o f  emis s ions  which irill 
be d i scussed  a r e :  

a. Receiving 

b. P rec l ean ing  and hand l ing  

. c. Cleaning house 

d. H i l l  house 

a. .Receiving 

( 1 )  Process ing  r a t e :  Volume I (page 57). i n d i c a t e s  t h a t  
t h e  amount of d u r m  wheat ground a t  m i l l s  i n  1971 was 32 x lo6 bushe l s  o r  
abaut  1 x 106 tons.  

L 

( 2 )  h i s s i o n  f a c t o r :  Data  on t h e  r a t e s  o f  e a i s s i o n s  f o r  
d u r m  mills are l imi t ed .  However, s i n c e  tile p r o c e s s  is  so s i m i l a r  t o . t h a t  
of w h e a t  m i l l i n g .  it was as sumed ' tha t  t h e  same ewisslon f a c t o r s  a r e  a p p i i c -  
ab le .  The re fo re  t h e  emiss ion  f a c t o r  of  1.0 l b l t o n  h3s used. 

(3)  E x t e n t  of c o n t r o l :  The e x t e n t  of  c o n t r o l  was assumed 
co be t h e  same a s , t h a t  f o r  wheat mills. The a p p l i c a t i o n  of c o n t r o l  w a s  t h u s  
assumed t o  be 7UL and  t h c  e f f i c i e n c y  of c o n t r o l  95%. 

(4) r a l c u l a t i o n  o f  eeissions: The y e a r l y  effiissions f ro= 
t h e  r e c e i v i n g  o p e r a t i o n  i n  durum n i l l s  h a v r b e e n  c a l c u l a t e d  below t o  be 
168 tons. 

( 1  x lo6 t 0 n s ) f l . O  1b/ton~!1/2.0~0)[1-~0.70)~0.95)] = 1.63 x lo2 t o n s  B 

b. P r e c l e a n i q  a n d  hacd l inq  

( 1 )  P roccss inp  r a t e :  The m o u n t  o f  b r a i n  handled is asstme6 
t o  be t h e  same a s  t h a t  r ece ived  (: x I O 6  t o n s ) .  

( 2 )  Emission f a c r o r :  S ince  so l i t t l e  d a t a  a r e  a v a i l a b l e  
on emiss ions  f r o m  du;m mills, it is  assuned t h a t  t h e  f a c t o r  is  t h c  same 
a s  t h a t  f o r  wheat m i l l i n g  (5.0 l b / t o n ) .  . .  

. .  

. .  . 
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( 3 )  L x t e n t  o f  c-: ,Agoin t h e  e x t e n t  o f  c o n t r o l  is a s -  
sumed t o  be  t h e  same as t h a t  f o r  wheat m i l l i n g ;  an AS:: a p p l i c a t i o n  of con- 
t r o l  and 95% e f f i c i e n c y  o f  c o n t r o l .  

( 4 )  =!.ation emiss ions :  belcw a r e  t h e  c a l c u l a t i o n s  
i 'which  set  t h e  y e a r l y  m i % s i o n s  f o r  p r e c l e a c i n g  and hand l ing  a t  481 fons.  

. _.._.. 
(1 x IO6 tocs)(5.0 lb/ton)(l/2,0Oo)[1-(0.85)(0.95~j = 4.81 x 10 2 t o z s  B 

* '  C. e n i n n  hogse 

( 1 )  Processinp. r a t e :  The p rocess ing  r a t e  was aga in  assumed 
LO he  :he same u s  t h e  amount r e c e i v e d  (1 x IO6 t cns) .  

(2) and (3 )  h i ss ion f a c t o r  and e x r e n t  o f  c o n t r o l :  I h e  
same problems were encoun te red  a t  t h i s  p o i n t  a s  t hose  i n  t h e  wheat m i l l i n g  
indus t ry .  Therefore. It w a s  n o t  p o s s i b l e  t o  det .emine emis s ion  f a c t c r s  or 
e x t e n t  of c o n t r o l .  

( 4 )  C a l c u l a t i o n  of emiss ions :  k i s s i o n s  were not e s tknaced  
because o f  i n s u f f i c i e n t  d a t a .  

d. H i l l  house 

( 1 )  P r o c e s s i n n  r a t e :  The amount of g r a i n  m i l l e d  is assasned 
t o  be  1 x lo6 tons .  

(2) Emission f a c t o r :  There  a r e  i n s u f f i c i e n t  d a t a  t o  d e t e r a l n e  
an emiss ion  f a c t o r  f o r  t h e  m i l l  house i n  a d u r a  m i l l .  I t  cou ld  not bc  assrrmed 
t o  be  t h e  same as  i n  wheat m i l l s  because  t h e  purpose of durum m i l l s  is t o  
produce midd l ings  r a t h e r  t h a n  f l o u r .  For t h i s  reason, t h e  break  rc.lls a r c  
d i f f e r e n t  t h a n  i n  uhea t  m i l l s  and  t h e  70 l b l t o n  f i g u r e  cannot  be used. C l e m -  
f o r e ,  nc emiss ion  Fac to r  cou ld  bc estimated. 

(3)  Extent  o f ' c a n t r o l :  S ince  it is. imposs ib l e  t o  d e t c m i n r  
emis s ions  f a c t o r s  t h e r e  was no c s t h a t e  made. 

( 4 )  C a l c u l a t i o n  of  emiss ions :  h i s s i o n s  were no t  e s t ima ted  
because of i n s u f f i c i e n t  da ta .  

.. 
.... . .  . .  
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e. Sumnary of  c a l c u l a t e d  emiss ions  for d u r m  m i l l s :  Due 1.0 i n -  
5 u f f i C i r r . t  i n fo rma t ion  it was no t  p o s s i b i e  t o  c a l c u l a t e  emis s ions  f o r  a l l  
s i g n i f i c a n t  sou rces  .within durum m i l l s .  Thoswemiss ions  t h a t  cou ld  be c a l -  
c:ili<ted o r e  summarized i n  t h e  t e b l e  below: 

Emissions (1971) Confidence 
( t o n s l y e a r )  R a t i n g 1  

' 1.68 x 10; B 'a. Receiving 

C. Cleanicg  house I n s u f f i c i e n t  i n fo rma t ion  
d. H i l l  house I n s u f f i c i e n t  L n f o d T I O n  

B 
C 
C 

C 

'* . b. P rec l ean ing  and handlin; 4.81 x 10 

- 
6.49 x lo2 L, T o t a l  

SI A = Good r e l i a b i l i t y .  
B = F a i r  r e l i a b i l i t y .  
C = Poor r e l i a b i l i t y .  

... 



P .  Rye M i l l i n g  

I 
i 

. I  

. .  

There is a g r e a t  d e a l  of  s i m i l a r i t y  between u!;eat m i l l i n g  a d  rye  
m i l l i n g  and t h e  p r o c e s s i n g  s t e p s  f o r  rye  m i l l i n g  are t h e  same a s  -.hose 
f o r  wheat m i l l i n g .  Major emission s o u r c e s  a r e  l i s t e d  below: 

a. Receiving 

b. P rec l ean ing  end hand l ing  

C. Cleaning house 

d. M i l l  house 

a. R e c e i v i r g  

(1) Process ing  r a t e :  Volume I (page 5 8 )  i n d i c a t e s  t h a t  
i n  1971, t h e  amount o f  r y e  ground f o r  f l o u r  MIS 5.3 x lo6 bushe l s  o r  1.5 
x lo5 tons .  

(2) h i s s i o n  f s c g r  Very l i t t l e  emission f a c t o r  d a t a  a r e  
a v a i l a b l c  f o r  rye  m i l l i n g .  The re fo re ,  it was assumed t h a t  t h e  emission 
f a c t o r  was t b e  same a s  in wheat i n f l l i n g  (1.0 lb, ' ton).  

( 3 j  Extent  of  c o n t r o l :  Again, l l t t l e  d a t a  were a v a i l a b l e  
nbcLt rye m i l l i i r g ,  but it was cons ide red  reasor:able t o  a s s w e  t h a t  t h e  
i x t e n t  of  c o n t r o l  is about  t h e  sameas f o r  wheat m i l l i n g  (70% a p p l i c a t i o n  
of c o n t r o l  and 95% e f f i c i e n c y  of  c o n t r o l ) .  

( 4 )  C a l c u l a t i o n s  o f  emiss ions :  The emiss ions  r e s u l t i n g  
from t h e  r e c e i v i n g  o p e r a t i o n  i n  r y e  m i l l s  havc. been c a l c u l a t e d  below to  
be 25 t ons .  

(1.5 x lo5 Lons)(l.O 1b/ton)(1/2,000)[1-(0.7C)(0.95)] = 2.55 x lo1 tonsB  

. .  
. .. .. 

b. P rec l ean ing  and hand l ing  

(1) Process ing  rate:  The amount of g r a i x  handled is a s -  
s u e d  t o  be t h e  same a s  t h e  amount r ece ived  (1.5 :< lo5 t ons ) .  

( 2 )  b i s s f o n  f a c t o r :  S ince  che p rocess  is so s i m i l a r  t o  
t h a t  i n  wheat m i l l i n g  t h e  e r . i s s ion  f a c t o r  was assunbed t o  be t h c  same (5 .0 
l b t t o n ) .  

. .  
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( 3 )  Extent  o f  c o n t r o l :  The c o n t r o l  f a c t o r s  are assumed 
t o  be t h e  same as t h o s e  f o r  vhea t  m i l l i n g  (an  85% a p p l i c a t i o n  o f  c o n t r o l  
and a 952 e f f i c i e n c y  of c o n t r o l ) .  

( 4 )  g l c u l a t i o n  of em:ssions: T o t a l  emis s ions  f o r  pre-  
Cleaning and hsnd l fng  o f  abou t  72 t o n s  have been c a l c u l a t e d  below us ing  
Eq. ( 1 )  and t h e  f a c t o r s  p r e s e n t e d  above. 

: I  
: 

4 

(1.5 X 10 5 tons) (5 .0  1bCton)(1/2,000)[1-(0.85)(0,9S)] = 7.22 x 10 1 t o n s  B 

C. Cleaning h o r s e  

(1) Proce:sinR r a t e :  The anount  of g r a i n  c leaned  is as- 
sumed to be t h e  same a s  a m u n t  r e c e i v e d  (1.5 x 10 5 tons) .  

, I  

( 2 )  Fmission f a c t o r :  S ince  t h e r e  was a l a c k  o f  s u f f i c i e n t  
d a t a  f o r  c l e a n i n g  o p e r a t i o n s  f o r  bo th  wheat m i l l l n g  and rye ailling, it 
was n o t  p o b s i b l e  t o  de t e rmine  a n  emis s ign  f a c t o r .  . .  

i l  
(3) Extent  o f  c o n t r o l :  The c r n t r o l  f a c t o r s  f o r  c l e a n i n g  

house o p e r a t i o n s  vere n o t  determined.  . . I  

( 4 )  C a l c u l a t i o n  of r m i s u :  Emissions vrre no t  e s t ima ted  
because o f  i n s u f f i c i e n t  d a t a .  

d. H i l l  house 

(1) ?recessing rate: The amount of g r a i n  c i l l e d  was 1.5 
x 105 tons.  

(2 )  Emissicn f a c t o r :  Some d a t a  on c e r t a i n  mi l l l .ng  opera-  
t i o n s  (Tab le  136, Vol. I )  i n d i c a t e  a c o n t r o l l e d  emiss ion  f a c t o r  o f  l .C  
l b f ton .  T h i s  is e q u i v a l e n t  t o  an  u n c o n t r o l l e d  emis s ion  f a c t o r  o f  10 l b l t o n  
assuming 90% cyclone e f f i c i e n c y .  However, t h e s e  d a t a  d i d  no t  i nc lude  break 
r o l l s  o r  o t h e r  o p e r a t i o n s  so t h e  f a i t o r  o f  70 l b f r o n  t h a t  was used f o r  
wheat m i l l i n g  was assumed a p p l i c a b l e  t o  rye  m i l l i n g .  

Due t o  l a c k  o f  s u f f i c i e n t  d a t a  f o r  (3)  Extent  o f  c o n t r o l :  
t h e  rye m i l l i n g  proccsw-&e c o n t r o l  f a c t o r s  were assumed t o  be t h b  same 
a s  t h o s e  f o r  wheat N i l l i n g  (96% a p p l i c a t i o n  o f  c o n t r o l  and 987. e f f i c i e n c y  
o f  conxro 1). 

( 4 )  C a l c u l a t i o n  of emiss ions :  t l i l l  house emis s ions  oi ap- 
proximate ly  300 t o n s  have been c a l c u l a t e d  below: 

(1.5 .x lo5 t o n s ) ( 7 0  lb/ton)(l/2,000)[1-(0.¶6)(0.93)] = 3.11 x lo2 t o n s .  B 

! . .  , 

. .  . .  
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e. a a r y  of c a l c u l a t c d  emissions f o r  r y c  ~ x i l l i n g :  Due t o  t h e  
f a c t  t h a c  d a t a  f o r  :he c l e a n i n g  house were u n a v a i l a b l c  and t h e  assumptions 
about t h e  m i l l  house emis s ion  t a c t o r  have t h e  same u c c e r r a i n t y  a s  t h o s e  
i n  wheat m i l l i n g .  t h e  confidence I n  t h e  t o t a l  e n i s s i o n s  s m m a r i z e d  below 
is  low. 

. Fmi:sions (1971) Confidence 

j - ( t o n s / y e a r )  Rat in.& 

a. Receiving 2.55 x IC1 B 
b. P r e c l e a n i n g  and hand l ing  7.22 x 10' B 
E. Cleaning house I n s u f f i c i e n t  i n f o r m a t i o n  C 
d. W i l l  house 2.11 x 10 B - l 

- a/ A = Good r e l i a b i l i t y .  
6 = F a i r  r e l i a b i l i t y .  
C = Poor r e l i a b i l i t y .  

T o t a l  4.09 x 10 C I 

1 

. ... 
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I Dry Corn H i l l i n g  

i 

Corn is d r y  m i l l e d  by two g e n e r a l  sys tems,  degerming and nondegeming. 
The degerming s y s t m  used i n  t h e  Un i t ed  S t a t e s  w i l l  be t h e  b a s i s  of t h i s  
r epor t .  The p r o c c s s  i n c l u d e s  t h e  r e c e i v i n g  o p e r a t i o n s ,  t h e  d r y i n g  and 
c l e a n i n g  of  t h e  corn ,  t h e  p repa ra . t i on  and degerming o f  t h e  co rn ,  t h e  m i l l -  
ing, and f i n a l l y  t h e  sh ipp ing  o f  t h e  products .  The main sources  o f  emis s ions  
i r r  t h e  p r o c e s s  a r e  l i s t e d  below: 

a .  Receiving 

b. Drying 

c. Prec lean ing  and hand l ing  

.. 

i-1 
d. Cleaning  house 

e. Degerming and m i l l i n g  
, 

L! 

I : . I  Shipping o p e r a t i o n s  a r e  not a ma jo r  sou rce  bccause of  t h e  e f f o r t s  t o  
minimize' l o s s  o f  p rodur t s .  . .  

a. Rece iv ing  i 
( 1 )  P r o c e s s i n s  r a t e :  Volume I (page 59) shows t h a t  t h e  , I  

. I  amount of co rn  m i l l e d  t o  meal and g r i t s  i n  1970 was 165 x :ob bushe l s  
(approximate ly  4.6 x io6 t o n s ) .  

. ,  
, ( 2 )  Fmission f a c t o r :  Using t h e  same r a t i o n a l e  as Cur 

! f:our m i l l s ,  an avcragc  emiss ion  f a c t o r  o f  1.00 l b l c o n  h a s  been used for 
t n e  r e c e i v i n g  ope ra t ion .  I 

I 

( 3 )  Extent  of c o n t r o l :  A 70% a v p l i c a t i o n  o f  c o n t r o l  was 
oh ta i aed  from Table  210 of Vol. 1. From t h i s  same t ab12  B weighted aver -  
age e f f i c i e n c y  o f  c o n t r o l  o f  97% was c a l c u l a t e d .  

( 4 )  C a l c u l a t i o n  o f  e n i s s i o n s :  Equat ion  ( 1 )  and t h e  f a c t o r s  
d e l i n e a t e d  above I I Z V E  be& used t o  de t e rmine  y 2 a r l y  emiss ions  o f  738 tons.  
The c a l c u l a t i o n s  were p c r f o m e d  a s  fo l lows :  

(4.6 x la6 t 0 n s ) i l . O  lb/ton)(l/2,00~)[1-(0.70)(0,9~)] = 7.38 x 102 tonsB 
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(1) Process ing  r a t e :  Ques t ionna i r e  d a t a  fron: Vol. I i n d i -  
c a t e  t h z t  ?bout  21)% o t  t h e  g r a i n  r e c e i v e d  may be dr ied .  T h i s  amounts t o  
0.9 x 106 t c n s .  

( 2 )  Emission f a c t o r :  Data are  i n s u f f i c i e n t  t o  de te rmine  
t h e  type  o f  d r y e r s  ( r a c k  o r  c o l m )  used. However, about  50% use t h e  Day- 
Vac system. For  t h i s  reason  an  emiss ion  f x t o r  of  0.5 l b l t o n  U P S  es t ima ted .  

' (3)  
ob ta ined  from Table  210 o f  Vol. I. Avcrage e f f i c i e n c y  o f  c o n t r o l  was cal-  
c u l a t e d  a t  83% assuming 9W. e f f i c i e n c y  f o r  Day-Vac u n i t s  :?iiL! 7 5 2  e f i i c i e n c y  
f o r  o t h e r  c o n t r o l  u n i t s .  

Exten t  o f  c o n t r o l :  A 92% s p p l i c a t i o n  of  c o n t r c i  was 

( 4 )  C a l c u l a t i o n  of emiss ions :  Dryer  emiss ions  i n  t h e  d r y  
c o r n  m i l l i n g  i n d u s t r y  have been c a l c u l a t e d  below ti, bc a p p r o x i r a t e l y  53 
tons.  

(0.'1 x 10 6 tons)(0.5 lb/ton)(l/2,000)[1-(0.9.?)(0.83)] = 5.32 x 10' t o n s  B 

C. =leanii,g and hanLi ,nn  

(1) Pro:essing r a t e :  It i s  assumed t h a t  t h c  amoxnt o f .  
g r a i n  processed  i s  t h e  samd a s  the  amount r e c e i v f d  ( L . 6  x 106 tons) .  

.. . 
( r  

( 2 )  biss ion_facco-r:  As explained i n  t h e  s e c t i o n  on  Monr 
n i l l s ,  an average  c n i s s i o n  f a c t o r  o f  S.3 l b l t o n  w a s  used. 

(3)  F r t e n t  o f  c o n t r o l :  T a b l c  210 of Vol. I s!nws t h a t  tlla 
a p p l i c a t i o n  of  c o n t r o l  is abovt  t h e  same for each  o p e r a t i m  a s s o r l a r e d  
w i t h  precleani: .g a d  handl ing.  Using t h e s e  d a t a ,  t k c  n p p l i c a t i o n  o f  c o n t r o l  
was c a l c u l a t e d  t o  be 82.7. and t h e  c f f i c i e x y  of c o r r r o l  97::. 

( 4 )  C a l c u l a t i o n  o f  em<ssions:  Equat ion ( 1 )  .mu th-: 1ac;ors 
desc r ibed  above have been used t~ c a l c u l a t e  annua l  p a r t i c u l a t e  cmissions 
o f  2.35 x I O  tons a s  fol lows:  

(4.6 x lo6 tons)(j.O I b / t o n ) ( l / 2 , O O O ) ~ l - ( o . a 2 ) ( ~ . ~ 7 ) )  = 2 . 3 5  x 10; ta7:sB 

3 
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d. :;leaiiiw iiouse 

(1)  r o c e s s i n g  r a t e :  I: was assumed. tha t  a l l  g r a i n  re- 
cq ived  passes  through t h e  c i e a n i n g  house  ( 4 . 6  x 10 6 tons) .  

( 2 )  x s s i o n  f a c t o r :  As exp la ined  i n  Vol. I (page  218) 
s e v e r a l  s:eps a r c  involved  i n  g r a i n  c leaning:  one  of which i n c l u d e s  a i r  
s s p i r a t i o n  and is a sourcc  which c o u l d  g e n e r a t e  c o n s i d e r a b l e  dus t .  T h i s  
t ype  ~f source  y i e l d e d  a n  m i s s i o n  f a c t o r  oL 5.78 l b l t o n .  xh ich  w a s  
de te rminee  h r  g r a i n  e l e v a t o r  corn c l e a n i i i g  (Ref. 3). Also. T a b l e  133 
of Vol. I i n d i c a t e d  an e l r i s s l r n  f a c t o r  o f  0.0015 l b l b u s h e l  (0.05 I b l t o n )  
f o r  a c l e a n i n g  hJuse c v n c r o l l e d  by f a b r i c  f i l t e r .  I f  t h e  f a b r i c  f i l t e r  
were 9% e f f i c i e n t  the  e q u i v a l e n t  u n c o n t r o l l e d  f a c t o r  would be 5.0 l b l t o n  
which a g r e e s  c l o s e l y  wi th  t h e  p r e v i o u s  fac:or of  5.78 lb l ton .  Thus a n  
emiss ion  f a c t o r  of  6.0 l b l t o n  was used. 

(3)  Ex-cnt of cont.ro1: Data f r o n  Vo;. I (page 4 2 9 )  were 
not  s u f f i c i e n t  t o  d e t e n a i n e  Lite pcrccnc  O E  appiiCaC%dn of  c o n t r o l ,  bu t  d i d  
i n d i c a t e  t h a t  L t  is probably q u i t e  his!, w i t h  c o n s i d c r a b l c  u t i l i z a t i o n  of 
f a b r i c  f i l t e r s .  For c h i s  reason  t h e  o v a r a l l  e x t e n t  of  c o n t r o l  h a s  been 
e s t ima ted  a t  972. 

( 4 )  M a - c i u n  of emis s ions :  Using t h c  above e s t i m a t e s  
and Eq. (1) t h e  c a l c u l a t i o n s  below inriilcaced y e a r l y  e n i s s i o n s  of ayprox i -  
mate ly  400 t o n s ;  

( 4 . 6  x io6  tons)(b.O tb~ron)(lI2,000J[l-(0.97)] = 4.14 x lo2 t o n s B  

d 

e. DeScmine an3 m i l l i n g  

(1)  Processinp. race: The m o u n t  o f  g r a i n  through t h z  de-  
g c m i n g  and n i l l i n  o p e r a t i o n s  vas  a s suzed  t c  he t h e  saxe a s  t!ie amount 
recej.ved ( 4 . 0  x 10 t t o n s ) .  

( 2 )  Emission f a c t o r :  Dat.a were i n s u f f i c i e n t  t o  de termine  
t h e  emiss ion  f a c t o r s  f c r  t h e  v a r i o u s  d c g e m i c g  and m i l l i n g  ope rn t ions .  

(3 )  Extent  o r  c o n t r o l :  Some d a r a  on t h e  e x t e n t  of  con- 
c r o l  f o r  t h e s e  o p e r a t i o n s  a r c  a v a i l a b l e  i n  T a b l e  210 o f  Vol. 1. Howcver, 
s i n c a  cd :cu lac i cns  are  n o t  p o i s i b l e . a s  a r e s u l t  of l ack  j f  emis s ions  
d a t a ,  t h e  avcragc:; were not c a l c u l a t e d .  

(6) Caiculac ion  of  c n i s s i a , :  Yhiss ivns  w r e  no t  e s t i m a t e d  
be-ause o f  l ack  o f  da t a .  Ibwvcr ,  b8:causr of t h e  product  v a l u e  1.t can  
probably  be assumed char  r h i s  is u r  sourcc  c;.aparcA wi th  t!ic 
pze.-iou?. o p e r a t i o n s  discussed. 

- 
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f .  M a r v  o f  c a l c u l a t e d  emiss ions  &r dr.y corn  mill inp,:  h i s -  
s i o n  q u a n t i t i e s  f o r  t h o s c  o p e r a t i o n s  t o r  which t h e r e  was s u f f i c i e n t  in -  
formation t o  perform c a l c u l a t i o n s  a re  su rmi r i zed  i n  t h e  t a b l e  below: 

h i s s i o n s  (1970) CorJidence 
( t o n s l y c a r )  Ratin.& 

a. Receiving 7.38 x 102 B 
b. Drying 5.32 x lo1 B 
c. P rec l ean iag  and hand l ing  2.35 103 B 
d. Cleaning house 4.14 x 1G2 B 
e. Degermlng t zu  m i l l i n g  I n s u f f  ic t e n t  i n fo rma t ion  C 

Tota l  3.55 x lo3 E 

- a /  A rr C j o d  r a l i a b i l i t y .  
B = F a i r  r e l i a b i l i t y .  
C = Poor r e l i a b i l i t y  .- 

c 
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H. Oat M i l l i n g  

The i n i t i a l  s t a g e s  f o r  t h e  m i l l i n g  p r o c e s s  f o r  o a t s  are much the 
same a s  t h o s e  i n  t h e  wheat m i l l i n g  process.. However, t h e  s e p a r a t i c a  
requi rements  in t h e  o a t  m i l l i n g  p r o c e s s  n e c e s s i t a c e .  t h e  u s e  o f  a s p i r a t o r s ,  
and a fo rced  d r a f t  is used  i n  t h e  z o o l i n g  process .  N e i t h e r  o f  t h e s e  F o s s i b l e  
sou rces  is a p a r t  of t h e  wheat m i l l i n g  process .  Also,  t h e  r e c e i v i n g  and 
hand l ing  p rocess  is r e p o r t e d . t o  be  d u s i i e r  f o r  o a t s  t h a n  f o r  wheat. - 

Since  t h e r e  a r e  i n s u f f i c i e n t  emis s ion  d a t a  on t h e  v a r i o u s  o p e r a t i u n s  
i n  t h e  o a t  m i l l i n g  p rocess  and since comparisons wi th  v a r i o u s  o p e r a t i o n s  
i n  t h e  wheat . rn i l l ing  p r r c e s c  would be h i g h l y  i o a c c u r s t e .  it is no t  pos- 
s i b l e  t o  do an o p e r a t i o n a l  breakdown of t h e  o a t  mi . l l i ng  p r o c e s s  emissions.  
However, s u f € i c i e n t  d a t a  a r e  a v a i l a b l e  t o  make a n  esttnate o f  p l a n t  wis- 
s ions .  

1. Process ing  r a t e :  Volume 1 (nage  60) s t a t e s  t h a t  t h e  amc~uni of 
o a t s  used f o r  b r e a k f a s t  food i n  1970 was 49 x lo6 b u s h e l s  (0.7 x 1') 6 

t ons ) .  

2. Enis s ion  f a c t o r :  A c o n t r o l l e d  e m i s s i s n -  f a c t o r  of 2.5 l b i t o n  
(Vol. I. page 236) was c a l c u l a t e d  from t h e  d a t a  avai?ab:e. :t is not knovn 
i.f t h e s e  d a t a  ( f o r  one m i l l )  i n c l u d e  msi major  d u s t  sou rces  o r  r; t h i s  
m i l l  is r e p r e s e n t a t i v e  o f  t h e  i n d u s t r y ;  however. bo th  are  assumed t o  be 
t r u e .  

3. Extent of  c o n t r o l :  S ince  t h e  emiss ion  f a c t o r  is f o r  c o n t r c l l e d  
emiss ions ,  e x t e n t  of c o n t r o l  is no t  a p p l i c a b l e .  

4. C a l c u l a t i o n  of  rmissiocs: Oat m i l l i n g  i n d u s t r y  emis s ions  >ax 
been e . i L z t e d  t o  b e  875 t o n s  a s  p e r  t h e  c a l c u l a t i o n s  be los :  

(0.7 x lo6 tor.s)(2.5 l b / t o n ) ( t 1 ? , 0 0 0 )  = 8.75 x 10' tons' 

. .  . .  
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I. Rice H i l l i r A  

Rice m : l l s  a r e  o f  two t y p e s ;  c o n v e n t i o n a l  and p a r b o i l .  'In t h e  
Un i t ed  S t a t e s  857. a r e  of t h e  c o n v e n t i o n a l  type.  Each t y p e  o f  m i l l  h a s  
t h r e e  d i s t i n c t  s t a g e s :  (1) roagh r i c e  r e c e i v i n g ,  c l e a n i n g ,  d r y i q  and . 
s t o r a g e s ;  i 2 )  mil l i r , g ;  a.16 (3) m i l l e d  r i c e  and by-product oagging, 
packaging,  ar.d s h i p 7 i n g  (Vol. I, page 235). The f i r s t  two s t a g e s  are t n e  
m.ain sou rces  of  em!.ssions. These s t a g e s  have been d i v i d e d  i n t o  t h e  fo l lowing  
p r o c e s s e s  i n  o r d e r  t o  c a l c u l a t e  emissions:  

a. R e c e i v i q  

b. Hand1ir.i; and pxec lean ing  

C. Drying 

d. Cleaning and m i l l  hcuse  

a. R e c e i v i n s  
c 

(1) P rocess inx  rate: Acc0rdir.g t o  Vol. I (page 82)  t h e  
amount of rough r i c e  m i l l e d  i n  1970 was 77  x lo6 c w t  (3.85 x 106 t o n s ) .  

( 2 )  Emission f a c t o r :  h i s s i o n  f a c t o r  d a t a  f o r  a l l  r i c e  
m i l l i n g  o p e r a t i o n s  a r e  mcager. V r l m e  I s t a t e d  t h a t  emis s ion  sourccs  
a s s o c i a t e d  wi th  r e c c i v i n g .  c l e a n i n g ,  and :torage a r e  s i m i l a r  t o  t h o s e  
involved wi th  a l l  g r a i n  p r o c e s s i n g  b u t  it i s  n o t  knohn i f  r i c c  i s  n o r e  
o r  l c s s  dus ty  than a t h c r  g r a i n s .  However, e s t i n a t o s  wcre made based 
upon emiss i cn  [ a c t o r s  f o r  o t h e r  g r a i n s .  S i n c e  d a t a  i n  Vol. I (Table  218)  
i n d i c a t e d  t h a t  most r i c e  was r e c e i v e d  by t r u c k s ,  t h e  emis s ion  f a c t o r  of  
0.64 lb/to.n f o r  t r u c k  unloading w a s  used (Ref. 3). 

( 3 )  Extent  o f  c o n t r o l :  A 07% a p p l i c a t i o n  of c o n t m l  w a s  
i n d i c a t c d  i n  Table  218 of  Vol. I. Data from t h i s  same t a b l e  were used t o  
c,a.lcylate a weighted ave rage  e f f i c i e n c y  o f  c o n t r o l  of  94%. 

( 4 )  C a l r u l a t i o n  of cmissions: Equat ion (1) and t h e  f a c t o r s  
d e l i n e a t e d  above were used tr, c a l c u l a t e  c n i s s i o n s  01 456 cons  f o r  r i c e  m i l l  
r e c e i v i n g  a s  i o l i c w s :  

(3.85 x lo6 tons):0.64 l b / t o n ) ( l / 2 , ~ ~ 0 ) [ 1 - ( 0 . 6 7 ) ( 0 . 9 4 ) 1  = 4.56 x 102 t o n s  H 
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b. ;!andlinA and p r e c l e a n i n g  

( I )  P r o c e s s i n e  r a t e :  The amount of g r a i n  handled was a5- 
s m r d  t o  be t h e  same a s  t h e  amcunt r e c e i v e d  (3.85 x IO6 t o n s ) .  

( 2 )  Emission m: As e x p l a i n e d  i n  t h e  p r e v i o u s  s e c t i o n .  
emis s ion  f a c t o r  d a t a  f o r  r i c e  mil1ir .g  are meager. T h e r e f o r e ,  t h e  cumula- 
t i v e  emission f a c t o r  o f  5.0 l b / t o u ,  de t c rmiced  i n  t h e  wheat m i l l i n g  sec -  
t i o n ,  h a s  been assumed f o r  s h i l a r  o p e r a t i c n s  i n  r i c e  m i l l i n g .  

. (3) Extent  of c o n t r o l :  Ex ten t  o f  c o n t r o l  f o r  each han- 
dl . ing o p e r a t i o n  is not  s b i i a r ,  a s  it was f o r  wheat o p e r a t i o n s .  There- 
t o r e ,  ave rage  v a l u e s  have been c a l c u l a t e d  from t h e  d a t a  i n  Tab le  2?8 o f  
Vol. I, r e s u l t i n g  i n  a 63% a p p l i c a t i o n  o f  c o n t r o l  and a 967. a f f i c i e n c y  of  
c o n t r o l .  

( 4 )  C a l c u l a t i o n  o f  e n i s s i o n s :  The c a l c u l a t i o n s  below 
were used t o  d e t e r n i n e  t h e  y c a r l y  c m i s s i o : ~ ~  of 3.80 x la3 t o n s  f o r  han- 
d l i n g  and p rec l ean ing .  

(3:85 x 10 6 t o n s ) ( 5 . 0  lb/ton)(l/2,000)[1-(0.63)(0.96)] = 3.80 x 10 3 tortsB 

C .  

(1) Proces-sinx rat?? The amount o f  g r a i n  d r i e d  is assumed 
t o  be 3.85 x 106 tons .  

( 2 )  F n i s s i o n  f ac t ? . r :  Obse rva t ion  o f  r i c e  d r y e r s  i n d i c a t e s  
t h a t  t h e  emission f a c t o r  may bc c o n s i d e r a b l y  h i g h e r  tl:an f o r  o t h e r  g r a i n s  
b u t  s u p p o r t i n g  d a t a  were n o t  a v a i l a b l e .  Thus, i t  was n o t  p o s s i b l e  t o  es t i -  
inate an emis s ion  f a c t o r .  

( 3 )  E x t e n t  o f  c o n t r o l :  S i n c c  emissi9n f a c t o r s  cou ld  n o t  
be deten..incrl. c o n t r o l  f a c t o r s  were n o t  c a l c u l a t e d .  

!.-O U J l a t i o n  o f  emissions:  Fmissions were not  c s t i -  
mated because of  i n s u f f i c i e n t  d a t a .  

d. Clcaninp, and m i l l  house: Becausc of l a c k  o f  emission f a c t o r  
d a t a ,  no e s t i m a t e  o f  emis s ions  c o u l d  be made. 
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e. Sumwry of c a l c u l a t e d  emiss ions  f o r  r i c c  m i l l i n g :  Because 
o f  a l a c k  o f  emiss ion  f a c t o r  d a t a .  e s t i m a t e s  ~f emiss ions  f o r  somc opera-  
t i o n s  could  no t  be made. Those o p e r a t i o n s  f o r  which e s t i m a t e s  of emiss ions  
were made are s-arized ‘in t h e  t a b l e  below: 

h i s s i o n s  (1970) Conf idence  
( t o n s l y e a r )  R a t i n s ‘  

a. Receiving 4.56 x lo2 B 
b. Handling and p rec l ean ing  ‘ ~ a o  103 D 
C. Drying I n s u f f i c i e n t  i n fo rma t ion  ” 
d. Cleaning  and m i l l  house i n s u f f i c i e n t  i c fo rma t ion  c 

.. 

.. 
Io ta1  4.26 x lo3 C 

r. ~ ~ . ’  
\ 

- a /  A = Good r e l i a b i l i t y .  
B = F a i r  r e l i a b i l i t y .  
C = Poor r e l i a b i l i t y .  

! . .  
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3.  Cormnercial Rice Drving 

A c o m e r i c a l  r i c e  d ry ing  i a c i l i t y  has  f o u r  b a s i c  o p e r a t i o n s :  r ece iv -  
i n g ,  d ry ing ,  s t o r a g e ,  and shippi.iie. The c n i s s i o n  of p o l l u t a n t s  r e s u l t s  
2 r i m a r i l y  from r i c e  hand l ing ,  c l c e n i n g  d ry ing  o p e r a t i o n s .  Thc c l e a n i n g  
s t e p ,  if accomplished by a s p i r a t l o n .  is a major  sou rce  o f  emiss ions .  The 
g r a i n  d r y c r  is  t h e  u t h e r  majcr emiss ion  sourcc  (Vol .  1, page 2 4 3 ) .  

It was p o s s i b l e  t o  d r t e n - i n o  t h e  amount o r  r i c e  processed  i n  P65- 
:?66 a s  3.5 x 106 t o n s  (Vol .  I, page 79). ,Ifowcver, a s  was t h e  c a s e  € o r  
r i c e  m i l l i n g ,  c i s s i o n  f a c t o r  d a t a  f o r  t h e  d r y e r s  were n o t  a v a i l a b l e .  I n  
a d d i t i o n ,  t h e r c  was iio in fo rma t i cn  a v a i l a b l c  0,;  c x t e n t  o f  c o n t r o l  f o r  
t h c s e  i n s t a l l a t i o n s .  The re fo re ,  no e s t i m a t e  of e m i s s i o n s  cou ld  be made. 



I .  

K. Sovbcar: Mi l l s  

The source.; o f  emiss ions  i n  a soybear; p r c , i c s s i n g  p l a n t  can  be g r o u p d  
into t h r e e  broad c a t e g o r i e s :  (1)  sc.ybe:in r e c e i v i n g ,  handl ing  nud dry ing  
o p e r a t i o n s ;  ( 2 )  soybean p r o c r s k i n g  a p c r a t i o n s ;  ;nd ( 3 )  soybean m a l  load-  
o u t  Opera t ions .  I n  o r d e r  t o  determine  crniss i2ns .ram the. varioi:s sourccs .  
t h e s c  c a t e g o r i e s  have been d i v i d e d  i n t o  eh+  fo l l awing  o p e r a t i o n s :  ! 

a. Rece iv ing  

b. Handlini: 

C .  Cleaning  

d. Drying 

e. Cracking (and d e h u l l i n g )  

f .  Hul l  g r i n d i n g  

g. Bean c o n d i t i o n i n g  

h. F lak ing  

i. Meal d r y e r  

j. Meal c o o l e r  

k. Bulk loading  

- 

a. R c c c i v a  

(1) P r o c c s i i n g  r acc :  Tho amomt  o f  soybeans proccsscd i n  
1970 v a s  760 x lo6 bushels  o r  2 3  x 10 t o n s  (vo l .  1, psge 9 2 ) .  

( 2 )  Emission factor: Data in Tab le  232 o f  Val. I shew 
t h a t  soybeans a r e  r ece ived  by t r u c k ,  hoppcr c a r s ,  and boxcars. Tablc  142 
i n  t h e  s a n e - r e p o r t  i n d i c a t e d  an  avcragc  c o n t r o l l e d  c n i s s i o n  i a c t o r  t o r  a 
t r u c k  dm:, pi: < x i  0.017 lbj t .on,  o r  an  uncon t ro l l cd  ' ac tor  c :  1.7 lblton 
nsscmfng 99;: e f f i c i e n c y  Tor f a b r i c  f i l t e r s .  T h i s  i s  i n  g ~ a l  ayrscacnt w i . t l i  
d i t d  o b t a i n i i  i n  Ref. 3 f o r  soybeans which sl:awed ? .h3  l h / t o n  f o r  t r u c k  
u n l a d d i n g  and i.5 l b l t o n  Lor c a r  unloading.  Thc rc fo rc ,  an c n i s s i o n  facto,: 
o f  1 . G  l b i t o n  was uscd f o r  soybean r e c c i v i i ~ g .  
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(3: Extent  of  c o n t r o l :  Table  232 of Vol . ' I  shoved t h a t  
i e x t e n t  o f  contro.: tor t r u c k s  and boxcars  is about  t h e  same, but  i s  cons id -  \ 

\ 
\ c r a b l y  lower [e:- hopper  c a r s  a l though  i t  i s  noted  t!iat  somc p l a n t s  a re  ', us ing  choke unioadi:.g f a r  hopper  c a r s .  Therefore .  d a t a  from Tab le  232 on 

e x t e n t  o f  co?c ro l  ior  c rucks  and boxcars  have been used t o  de te rmine  a 
50% a p p l i c a u i o n  o f  conLrol  and a 98% e f f i c i - n c y  of c o x t r o l .  

\ 

\ \  1 (4) Ca 'cu la t ion  o f  mi-: Emissions for t h e  r e c e i v i n g  

i / 

hace  beer ; 'de te rn ined  co be 9.!8 x 103 t o n s  8 s  s h o w  below: \ ( 2 3  x IO6 t o n s )  (1.6 lb/ton)(1;'2,000)[1-(0.5@)(0.98)~ = 9.38  x lo3 t o n s  B 
\ 

b. Handl icg  \ 
(1) Process ing  r a t e :  The amount of  g r a i n  handled  w a s  a s -  \ 

s m e d  t o  bz t h e  s a c  a s  t h e  amount r ece ived  o r  23 x IO6 tons.  

( 1 )  Emission f a c t o r :  No s p e c i f f c  i n fo rma t ion  was a v a i l -  
a b l e  on  emiss ion  f a c t o r s  f o r  scybear. hand l ing  o p e r a t i o n s .  Even though 
emiss ions  l o r  soybeans may be h i g h e r  t h a n  f ? r  o t h e r  g r a i n s ,  t h e  5.0 l b i c o n  
emissic.n f a c t o r  d i scussed  iI: tt,:; whcai m i l l i n g  s e c t i o n  was used. 

( 3 )  Extent  oE c o n t r o l :  A 76% a p p l i c a t i o n  of  c o n t r o l  was . .  

o b t a i n e d  from V o l .  I. Table  232. T h i s  sane t a b l e  was used t o  c a l c u l a t e  an  
average  96:'. e f f i c i e n c y .  

( 4 )  Calcu la t ion  of  emission:: H.indling emiss ions  i s r  say- 
bean m i l l s  were c a l c u l a t e d ,  us ing  t h e  da t a  d e l i n e a t e d  aboi,e and Eq. 

4 t o  be a p p r o x i n a t c l y  1.5 x 10 t ons .  

( 2 3  x LO6 tons) (5 .0  lb/ton)(l/?,OOO)[l-(0.76)(0.96)] = 1.55 x 10' t o n s B  

( I ) ,  

C. Clean ina  

(1) ?rocessinX r a t e :  I t  is  asswacd t h a t  a l l  of t h e  g r a i n  
is  c l ezned  o r  23 x l O q o n i .  

( 2 )  Emissisn-: Although no i n i o i m a t i o n  was a v n i l -  
a b l e  on t h c  c1canir.g o f  soybeans,  i t  was assumed t o  bc a t  l c a s t  a s  much 
a s  t h e  6.00 Ib/Lan used f o r  corn m i l l i n g .  . 

( 3 )  Extent  of c o n t r o l :  Data were nor  'availnb!e on ex-  
t e n t  of c o n t r o l  l o r  soybean c leaning .  However, i t  '+.as a s s u i c d  t o  be 
about  t h e  same a s  handl ing  o p e r a t i o n s ,  o r  about 757,. 

52 



. .  

*. 

01) Ca_l,-cLatio:i of emis-!*: h i s s i o n s  were c a l c u l a t c d  
a s  shown below: 

( 2 3  x lo6 tons)(6.0 ~b/ton)(1/?,000)~1-0.75] = 1.73 x lo4 t o n s B  

d. Drving 

(1) ProcessinR ra:r: The amount of g r a i n  d r i e d  was as- 
sumed t o  be 23 x lo6 t ons .  

( 2 )  Emission f a c t o r :  Obse rva t ions  have i n d i c a t e d  t h a t  
the e n i s s i o n  f a c t o r s  f o r  t h e  dryin:: of soybeans may be h i g h e r  t h a n  t h e  
ave rage  f a c t o r s  o f  0.3 and 3.0 l b l r o n  d i scussed  i n  t h e  s e c t i o n  on d r y e r s  
a t  g r a i n  e l e v a t o r s .  The o n l y  d a t a  a v a i l a b l e  on soybean dryer ;  (Voi. I, 
Tab le  146) were used t o  c a l c u l a t e  u n c o n t r o l l e d  emiss ion  f a c t o r s  rane ing  
from 4.2 t o  80 lb / ton .  The v a l u e  o f  80 l b l t o n  is  v e r y  h igh ,  bu t  even 
d i s r e g a r d i n g  t n i s  f i g i r e ,  t h e  ave rage  f a c t o r  i s  7.2 lb / ton .  T h i s  appears  
t o  be a more r easonab le  number i n  comparison'with o t h e r  d r y e r  f a c t o r s ,  
so a v a l u e  o f  7.2 l b l  t o n  was used. 

(3)  E x t e n t  c f  c o n t r o l :  A 42% a p p l i c a t i o n  o f  c o n t r o l  was 
d e t e m i n e d  from Table  232 o f  '101. I. Data f rom t h i s  ssme t a b l e  were al .so 
used t o  c a l c u l a t e  an e f f i c i e n c y  of  c o n t r o i  of  30%. 

( 4 )  C a l r u l a t i o n  of  cmissio-n2: Dryer emis s ions  o f  5.5 x 
lo4 t o n s  f o r  t h e  yea r  1970 have been c a l c u l a t c d  below: 

( 2 3  x lo6 tons) (7 .2  lb/ton)(l,'2,000)[1-(0.42)(0.80)~ = 5.50 x lo'+ t o n s c  

e .  Cracking 'and dehul l infJ  

(1) Process ing .  ra ta :  The :mount o f  g r a i n  c racked  i s  as -  
s m e d  t o  be 23 x lo6 tons .  

( 2 )  Emissi?n f a c t o r :  V o l m e  I (Table  147) i n d i c a t e d  t h a t  
t h e  c o n t r o l l e d  emiss ion  i a c t o r  f o r  t h e  craz.king and d2hu l l ing  o p r r s t i o n s  
is  on t h e  o r d c r  of  0.01 l t . ' b u s h e l  o r  0.33 l h / t o n .  Assuming 90% r : f f ic iency  
f o r  cyc lone  c o n t r o l  dev ices ,  t h e  u n c o n t r o l l e d  m i s s i o n  f a c t o r  j s  3.3 l b l t o n .  

( 3 )  Extent  o i  c o n t r o l :  A 96% a p p l i c a t i o n  o f  c o n t r o l  v a s  
ob ta ined  from Tablc 232 of  Vol I. T h i s  s m c  t a b l e  w a s  u i cd  t o  c a l c u l a t e  
a 93% c.fEici,wc;. u f  con t ro l .  

:,. 
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( I+)  C a l c u l a t i o n  o f  emi'ssi.ons: Emissions from t h e  c rack-  
ing  p r o c e s s  have been determined t o  be 4.07 x 13 3 t o n s  a s  shown below: 

( 2 3  x lo6 tons)(3.3 lblton!~li2,CO0)[1-(0.96)(0.93)] = 4.07 x IO3 t o n s  C 

f .  Hu l l  g r i n d i n g  

(1) k o c e s s i n g  r a t e :  'The amount ground is  a;ain assumed 
t o  b e  23 x 10 6 .  Lon5 because t:ie emiss ion  f a c t o r  i s  based on t h e  amount of  

g r a i n  r a t h e r  t han  j u s t  t h e  h u l l s .  

( 2 )  Emission f a c t o r :  Con t ro l l ed  emiss ion  f a c t o r s  f o r  h u l l  
g r i n d i n g  (Vol. I, Table 1 :4 )  show an  average.  f o r  ch ree  r e p o r t e d  va lues ,  
of 0.0055 Ib /bushe l  c r  0.18 l b l t o n .  Again,  a s s u r i n g  90% e € f i c i e c c y  f o r  
cvc lone  c o n t r o l  dev ices ,  t h e  u n c o n t r o l l e d  emiss ion  f a c c o r  would be approxi -  
Inat,ily 2.0 IbILon. 

( 3 )  Exrenc o f  contr.11: I n f o r n a t i o n  i r o n  q u e s t i o n n a i r e s  
( r a b l e  232 of  Vol. 1) showed 98% a p p l i c a t i o n  of  c o n t r o l  and t h e  a v e r a i e  
e f f i c i e n c y  o f  c o n t r o l s  was compuced t o  be 93%. 

( 4 )  e l a t i o n  o f  emiss ions :  Gr inding  emiss ions  o f  about  
2 .000 ' t ans  have been c a l c u l z t c d  u s i n g  Eq. (1) a s  shown below: 

( 2 3  x lo6 tons)(?.O l ~ ! t o n ) ( l / 2 , O O O ) ~ l - ( O . ? E ) ( 0 . 9 3 ) ]  =' 2.04 x i o 3  tons6  

. .. 

e. Bean cond i t ion i r tg  

(1.1 Process ing  r a i e :  The proccss inp  r a t e  i s  a g a i n  a s -  
sun*< t o  be ? ?  x 105 tons .  

( 2 )  Evis s ion  f a c t o r :  Table  147 of \'oI. I shows a cyc lone  
c o n t r o l l e d  emiss ion  f a c t o r  o f  0.003 lb/bus?xcl  or V.01 lbltcq., Assming  
90% cycl rme e f f i c i e n c y ,  t h e  un -on t ro l l ed  emiss ion  .fa:tor would be 3.1 
1 b/ ton. 

( 3 )  Extent  o f  c c n t r i 2 :  A 79% a p p l i c a t i o n  o f  c o n t r o l  w a s  
o b t a i n e d  ,from Tab le  232 of V o l .  1. &:a Croci t h i s  same t a b l e  were uscd 
t o  c a l c u l a t e  a 91% c f f i c i c n c y  o f  c o n t r o l .  

<A ( 4 )  *didtion oi. .?missions: Bean c o n d i t i o n i n g  emiss ions  
hove been d c t c m i n e d  t o  be 3.23 x 10i fons .  The c a l c u l a c i o n s  a r c  shown 
bclow: 

(23  x la5 tcns)(O.l lb/ton~i~/2,000)~1-~0.79~(3.91)! = 3 . 2 3  s io2 t i n s D  
t 

. .  
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( 3 )  Extent o f  c o n t r o l :  A? 62” a p p l i c a t i o i i  o f  c o n t r o l  wzs 
determined f r o m  Table  232 of Vol .  I. Data from t h e  szne t a b l e  were used 
t o  c 3 l c u l a t . i  a 90% ef1icienc.y o f  c o n t r o l .  

_. ( 4 )  Ca1ci:latiun of c c i s s i o n s :  Nes l  d r y e r  emis s ions  a r e  
sho\rr. i n  t.he c a l c u l a t i o n s  below to  be about  7.6 x lo3 t ons .  

J 

h. F lak ing  

( 1 )  Process ing  r a t e :  The amount of g r a i n  f l a k e d  is  as- 
sumed t o  be 23 x 10‘ tons .  

( 2 )  Emission f a c t o r :  A t o t a l  o f  f o u r  c o n t r o l l e d  emiss ion  
f a c t o r s  p r e s e n t e d  in Tables  1114 and 147 Vol. I shows an ave race  o f  0.0017 
lb /bushe l  o r  0.057 !b/ton. These were each cyclone  c o n t r o l l e d  systeffis,  so 
assuming a n  e f f i c i e n c y  of  V O % ,  t h e  u n c c n t r o l l e d  emiss ion  f a c t o r  is 0.57 
l b /  ton.  

(3)  Extent  o f  c o u :  A 962 a p 2 l i c a t i o n  o f  c o n t r o l  was 
ob ta ined  from Vo!. I (Table  232): Data from t h i s  same source  were used to 
c a l c u l a c c  an  e f f i c i e n c y  of  c o n t r o l  of  91%. 

(4)  Ca lcu la t ion  o f  emissions:  The fo l lowing  c a l c u l a t i o n s  
r e s u l t i n g  i n  an  emiss ion  Eigurc 01 8.29 x lo2 t o n s  l o r  f l sk inr ,  were made 
us ing  Eq. (1) and t h e  d a t a  p i 2 s e n t e d  above. 

(23  x lo6 tons)(1?.57 1b/ton)(1/~,000)~1-~0.~6)(0,91)] = 8.29 x 10’ t onsB  

i. Meal d r y e r  

(1) m s i n r  r a t e :  The m o u n t  o f  meal d r i e d  i s  asslmred 
t o  be 23 x IO6 tons.  

( 2 )  h i s s i o n  f a c t o r :  Cyclone c o n t r o l l e d  emis s ion  factors 
f o r  meal d r y e r s  were p re sen ted  i n  ‘Tables 1LL and 147 o f  V a l .  I and showed 
i range o f  0.0003-0.0128 Ib/b,ushcl w i t h  an average  of 0.0045 lb/bushel o r  
0.15 l b l t o n .  Agi,i8a, assur.ing a 90% c y c k n e  e t f i c i e n c p ,  t h e  uncon t ro l l ed  
emiss ion  f a c t o r  is es t ima ted  t o  bc 1.5 lb / ton .  

( 2 3  x 10 6 tons)(J . .5  1 b / t o n ~ ~ l / ~ , O 0 0 ~ [ 1 - ~ 0 . ~ 2 ~ ~ 0 . 9 0 ~ ]  = 7.62 x lo3 t o n s  B 

j .  E!cal c o o l e r  

( 1 )  Proccssinn r a t e :  Thc  amount o f  meal  cooled  was assumed 
t o  t e  the  s m e  a s  t h e  amunc  of  soybeans rece ived ,  23 x lo6. t ons .  
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( 2 )  Emission r ac to r :  Only one cyc lone  c o n t r o l l e d  emis- 
s i ? n  Cactor  was a v a i l a b l e  (Table  14b o f  Vol. I); 0.0056 lb /bushe l  o r  
0.18 lb / ton .  Assuming a 90X e f f i c i e n c y  f o r  t h e  cyclonc,  t h e  uncon t ro l l ed  
emiss ion  f a c t o r  would be 1.8 1b:ton. 

(3) G e n t  o f  c o n t r o l :  A 94% a : p y l i c i t i o n  of  c o n t r o l  was 
ob ta ined  from Tab le  232 of  Vol. I. :he same t a b l e  was u s 4  t o  ca!culate  
an  e f f i c i e n c y  of c o n t r o l  o f  9YL. 

(4j M a t i o n  of emiss ions :  Using t h e  l i m i t e d  d a t a  p re -  
s e n t e d  above,. t h e  c c o l e r  emiss ions  were c a l c u l a t e d  i n  t h e  fo l lowing  manner 
t o  be about  3,000 tons .  

( 2 3  x lo6 tons)( l . t l  1b/ton!(1/2,000)[1-(0.94)(0.51)] = i .Y9 x lo3 tonsB  

k. Bulk load ing  

c 
(1) Proccss ing  rate: The amount loaded was assumed t o  be 

6 ahout  23 x 10 tons .  

( 2 )  - h i s s i o n  f a c t o r :  No emiss ion  f a c t o r  d a t a  were a v a i l -  
a512 for meal  loading .  However, ' obse rva t ion  of t h e s e  o p e r a t i o n s  i n d i c a t e d  
t h a t  i t  may be about  t h e  same a s  t h e  load ing  of  g r a i n  a t  e l e v a t o r s ,  or 
sboiit 0.27 lb / ton .  Although t h i s  is o n l y  an e s t i m a t e  i t  h a s  been used  t o  
ca!:.ulate emiss ions .  

(3 )  Extent  of :ontrol:  Data i n  Table  232 o f  Vol. I i n d i -  
c a t e d  an  a p p l i c a t i o n  o f  c o n t r a 1  of  37%. Th i s  same t a b l e  was used t o  ca l cu -  
l a t e  a 97% e f f i c i e n c y  o f  c o n t r o l .  

(4) C a l c u l a t i o n  of  emiss ions :  The emiss ions  f o r  bu lk  load-  
i n g  were determined t o  be 1.99 x 10 t o n s  a s  shown be1o.x: 

(23  x IO6 tons) i0 .27 lb/ton)(l/2,000)[1-(0.37)(0,97)] = 1.99 x lo3 t o n s  B 

. 1. S m a r y  O T  c a l c u l a t e d  emis s ions  f o r  soybean m i l l s :  The c a l -  
c u l a t e d  emiss ions  f o r  t h e  soybean m i l l i n g  i n d u s t r y  are slnrmarized i n  t h e  
t a b l e  below. 
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b. 

a .  Receiving 
b .  H a d l i n g  
C. Cleaning 
d. Drying 
e. Cracking (and d c h c l l i n g )  
f .  Hull  g r i n d i n g  
g. Bean c o n d i t i o n i n g  
h. Flaking 
i. Meal dryer 
j. Meal c o o ? e r  
k. Bulk loading 

- a /  A = Good r e l i s b i l i t y .  
B = F a i r  r e l i a b i l i t y .  
C = Poor r e l i a b i l i t y .  

Emissions (1970)  
( tor . s /year)  

9.38 x 10 
1.55 104 
1.72 104 
5.50 lo4 
4.07 103 
2.04 103 

8 . 2 9  x 102 
7.62 7. 103 
2.99 103 
1.99 103 

3 

3.23 x 132 

Total 11.70 x IO4 

Ccnf idence 
Rat in@! 

B 
B 
B 
C 
B 
B 
B 
B 
B 
B 
B 

B 

I 
I 
I I 

I 

i 
I 
I 
! 
I , 
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L. Coni  Wet Nilliix 

The co rn  r e f i n i n g  o r  wet m i l l i n g  i n d u s t r y  has  grown i n t o  one o f  t h e  
most d i v e r s i f i e d  g r a i n  p rocess ing  i n d u s t r i e s .  A s  a r e s u l t  o f  t h i s  d i v e r -  
s i t y ,  t h e r e  a re  numerous and v a r i e d  p o t e r . t i a 1  s w r c e s  o f  emissions.  v o l -  
ume I d i v i d e d  t h e s e  sou rces  i n t o  t h r e e  b a s i c  c a t e g o r i e s :  
ce iv ing ,  c l e a n i n g  and s to rage ;  ( 2 )  Eepara t ion ,process ;  and (3) conve r s ion  
procfss .  The v a r i o u s  sou rces  wirti:l each ca t egory  a r e  d e l i n e a t e d  i n  Tab le  

s e p a r a t i o n  and conve r s ion  p r o c e s s e s  a r c  r h e  v a r i o u s '  d rye r s .  For t h e  ca l -  
c u l a t i o n s  i i i  t h e s e  r e p o r t s  t h e  v a r i o u s  d r y e r s  have been grouped and w i l l  
be cons idered  a s  one source.  I t  should be no ted  t h a t  d e t a i l e d  emiss ions  
d a t a  f o r  t h e s e  two p r c c c s s e s  a r e  lacking;  The assumpt ions  t h a t  have  been 
made i n  o r d e r  t o  c a l c u l a t e  emiss ions  a r c  expla ined  i n  t h e  fo l lowing  sec- 
t i o n s  concern ing  t h e s e  emiss!on sources:  

(1) g r a i n  r e -  

1. 1 4 i  o f  Vol. L. A s  no ted  i n  Vol. I t h e  main sources  o f  emiss ions  i.1 t h e  

.. - 

a. Receiving 

b. i iai idling 

c. Cleaning  

d. Dryers 

a. Receiving 

( 1 )  P rocess ing  r a t e :  3hi:  amount o i  c o r z  processed  by t h e  
corn  wer. m i l l i n g  i n d u s t r y  i n  1970 was 221, x 106 bushe ls  o r  6.3 x 136 t o n s  
(Vol. 1, page 100). 

i 2 )  k i s s i o n  I x t o r :  Corti i s  r ece ived  by both  c a r s  and 
t r u c k s  and t h e  tcmissior: [ a c t o r  W E S  a s s w e d  t o  be approximate ly  t h e  saue  
a s  t h a t  for s imi la r  o p e r a t i o n s  i n  g r a i n  e l e v a t o r s ,  o r  about  1.0 l b l t o z .  

( 3 )  Extent  01 con t ro l :  Data from Table 240 of Vol. .t 
w a s  used t o  de te rminc  weighted ave rages  f o r  extenc O L  c o n t r o l .  A 67% 
a p p l i c a t i o n  of  c o n t r o l  and a Y?.% e f f i c i c n c y  of  c o n t r c l  were determined.  

( 4 )  Ca!culacion oC erniszoE: EmissLons f r a m  t h e  r e c e i v -  1 
i8.16 p rocess  oC 1 . 2 1  x ioi  cdns a r c  c a l c u l a t e d  below. 

(6.3 x L O  6 t 0 n s ) i l . o  l b / t o n ) ( l / ~ , O O C ) [ 1 - ( s . 6 7 ) ( 0 . 9 ~ ~ ~  = 1 . 2 ~  x 103 t o n s 3  
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b. Handling 

(1) ?recessing rate: The amount o f  g r a i n  hand led  i s  as- 
sumed t o  b e  t h e  same as t h a t  rccei...ed (6.3 ’I lo6 t o n s ) .  

( 2 )  Emission f a c t o r :  Fnds r ion  f a c t o r s  s p e c i f i c a l l y  a1 p l i c -  
a b l c  t o  t h e  hand l ing  of  c o r n  a r e  not  a v a i l a b l e .  However, a s  was done 12 
t.he s c c t i o n  on d ry  c o r n  m i l l s ,  an ave rage  s m u l a r i v e  e n i s s i g n  f a c t o r  of 
5.0 l b / t o n  vas ased. 

( 3 )  Extent  of  c o n t r o l :  Extent  of con t ro l .  f o r  cach h m -  
d l i n g  o p e r a t i o n  is d i f f e ren t . ,  b u t  ch.e l a r g e s t  c o n t r i b u t o r  to t h e  cumula- 
t i v e  emission i s  ehe l egs .  The re fo re ,  t h e  e x t e n t  o f  L x t r o l  f o r  t h e  l e g s  
was used. Tz2:e 240 o f  Vol. I i n d i c a t e d  a 77:: app*i;st:.ior, o f  c o n t r o l  and 
a 96% e f f i c i e n c y  o f  c o n r r o l .  

( 4 )  C a l c u l a t i o n  o f  emissidns:  EGuation (1) and tihe i a t a  
d c t c m i n c d  above were u-ed !.n ’.he fo l lowing  c a l c u l a t i o n  o f  e m i s s i o n s  f o r  
co rn  handl ing:  

(6.3 x lo6 tons ) (5 .0  lb/ton)(l/2,000)[1-~0.77)(0.96)] = 4.11 x lo3 tons’ 

c .  Clean ing  

(1) P r o c e s s i n g ~ r a t e :  The amount o f  co rn  c l e a n e d  was as- 
s m n d  t o  be 6.3 x lob tons.  

( 2 )  E q i s s i o n  f a c t o r :  An emiss i cn  f a c c o r  of  6.0 lb / ron ,  
as devclopcd i n  t h e  s e c t i o n  on d r y  c o r n  m i l l s ,  was uscd t o  e s t i m a t e  cmls-  
s iorrs . 

(3)  Extent  o f  c o n t r o l :  Data from Tab le  240 of  i’31. I were 
used t o  determiire a 100% a p p l i c a t i o n  o f  c o n t r o l  and a 95% e f f i c i e n c y  of  
con t r o  1. 

(4)  + lcu la t . i on  o f  e m i s i . , s :  En i s s ions  of  945 t o n s  f o r  
c l e a n i n g  a r e  c a l c u l a t e d  below: 

(6.3 x lo6 tonz)(6.0 ~b/:on)(l/2,OOO)~l-!l.O~(0.95)] = 9.45 x lo2  t o n s  n 

d. Dryars 

(1) P r c r e s s i n c  r a s :  A l l  d z t a  on emission r a t e s  f o r  
d r y e r s  i n  wet c o r n  m i l l s  a r e  i n  u n i t s  3 f  pound p c r  hour. T h e r c f o r c ,  t h e  
p l a n t  o p e r a t i n g  t i n e  h a s  been e s t i m a t e d  a t  8.000 h r / y c a r .  
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(2) Emission f a c t o r :  Feed, g l u t e n ,  and g e m  d r y e r s  a r c  
a major  s -urce  of emis s ions  from wet corn  N i : ! S ,  h l .  emissim f a c t o r  d a t a  
a r e  lack ing .  Table  149 of V o l .  I c o n t a i n s  emis s ion  r a t e  d a t a  ( l h l h r )  f o r  
d r y e r s  a t  f i v e  p l a n t s .  The c s p a c i t y  of Lhese d r y e r s  i n  r e l a t i o n  t o  t h o s e  
i n  t h e  17 p l a n t s  i n  t h e  i n d u s t r y  is  unknown. N t i t h e r  i s  i t  k n o m  i f  i t  
inc luded  a l l  t h c  d r y e r s  a t  each  p l a n t  n o r  t h e i r  load a t  time 01 t e s t i n ? .  
However, t h e  o n l y  method o r  e s t i m a t i n g  emiss ion  r a t e r ,  f o r  t i ic 5 l u s t r y  
was t o  add t h e  emiss ion  rates f o r  t h e s e  f i v e  p l a n t s  (365 l b l h r )  and 
m u l t i p l y  by t h e  r a t i o  o f  t h e  n m b t r  of p lan ts - -17/5 .  T h i s  g:.ves .: con- 
t r o l l e d  emiss ion  r a t e  o f  ( 1 7 1 5 )  x (L65 lblhr)  o r  1,240 l b l h r .  

- ( 3 )  Extent  o f  c o n t r o l :  S ince  t h e  abcv'e omission f a c t o r s  
were c o n t r o l l z d  emis j ion  f a c t o r s ,  t h i s  i n fo rma t ion  was unnecessary.  

(4)  C a l c u l a t i o n  of  emiss ions :  h e n  thovgh t h e  above a a t s  
were somewhat u n c e r t a i n ,  c z l c u l a t i o n s  were  made f o r  t.he emiss ions  from t h e  
d rye r s .  h i s s i o n s  were de te rmined  t o  be about 5,OnO t o n s  a s  shcwn belov: 

(8,000 hr /yea r ) ( l . 240  l b l h r ) ( l / 2 , 0 0 0 )  = 4.96 x 10 3 t o n s  C 

e. Sunrmary of calculat-ssions f o r -  het  m j l l i s :  The 
emis s ions  from t h e  co rn  wct m i l l i n g  i n u s t r y  have  been c a l c u l i t r d  us ing  
t h e  best eats a v a i l a b l e .  Howevcr, chc iack o f  s p e c i f i c  da tb  fo,r t h e  v a r i -  
oug e n i s s i o n  sources  w i t h i n  t h e  separs:ioc and panve r s ion  p r o c e s s e s ,  
e s p e c i a l l y  t h c  v a r i o u s  d ry ing  p r o c e s s e s ,  l o v e r s  t h e  conf idence  l u v c l  of 
t h e  c a l c u l a t e d  c p i s s i o n s  o f  t h o s e  p rocesses .  Below is a tab1.e surmnarizinb 
t h e  c a l c u l a t e l  emissions: 

a. Ueceiving 
b. Handling 
C .  Cleaning 
d. Dryers  

b-f.ssionz (1570) 
( t o n s l y e a r )  

1 . ~ 1  103 
4.11 103 
9.45 x 102 
4.96 lo3 

4 T o t a l  1.12 x 10 

Confidence 
Rating21 

B 
B 
R 
C 

C 

- a/  A = GOOLI r c l i a D i l t t y .  
B = F a i r  r e l i a b i l i t y .  
C =: Poor r e l i a b i l i t y .  
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I V .  PROJECTED M I S S i O N S  

P r o j e c t e d  y e a r l y  emis s ions  f o r  v a r i o u s  f a c e t s  o f  t h e  feed and g r a i n  
i n d u s t r y  f o r  t h e  y e a r s  1975 and 19RO are d e l f n e z t c d  i n  t h i s  s e c t i o n  of t h e  
r e p o r t .  The p r o j e c t i o n s  a r c  bascd on t h c  g e n e r a l  a s s ~ n p t i o n s  d i scussed  i n  
t h e  pa rag raphs  below. and c a l c u l a t i o n s  were made usir .8  Eq. (1). S p e c i f i c  
assumpt ions  f o r  each induscry  and p r o j e c t i o n s  o f  cn iss . icns  from i n d i -  
v i d u a l  s o u r c e s  w i t h i n  t h e  i n d u s t r y  a r e  p re sen ted  i n  t h e  a p p r o p r i a t e  s ec -  
t i o n s  of  t h i s  r epor t .  F i n a l l y ,  s p e c i f i c  . z s t i n a t e d  r r o c e s s i n g  r a t e s ,  
emiss ions  t a c t o r s ,  and e x t e n t s  of c o n t r o l  f o r  each  p rocess  a r e  con ta ined  
i n  t h e  ? a l c u l a t i o n s ,  p r e s e n t e d  i n  Appendix A. 

0 

The g e n e r a l  methods t h a t  fo!.low tiere uscd t o  o b t a i n  t h e  d a t a  t h a i  VCr ' !  

inser te r !  i n t o  Eq. (1) t o  p r a j e c t  emis s iocs  f o r  1975 and 1980. 

Changes i r ,  p r o c e s s i n g  r a t e s  have been e s t i n a t e d  us ing  product ion  t r e n d s  
i n  t h e  i n d c s t r y .  Thcsc r-ends have bccn d c t c r n i n c d  through an a n a l y s i s  of  
t h e  p roduc t ion  f i g u r e s  f o r  each  i n d u s t r y  O ' J C T  t l i f  l a s t  10 yea r s ,  and p ro -  
j e c t i o r s  t h a t  have bccn made hy [.he U . S .  Depar tnrn t  o f  Agr i cu l tu re .  

I t  h a s  been assumed t h a t  t h e  u n c o n t r o l l c l  emiss ion  f a c t o r s  for a l l  
p rocesses  w i l l  I'omain t h c  sanie over t h e  p r o j r , c t i o n  pe r iod .  A change i n  
e x t c n t  o f  ccratrol f o r  any proccss  can bc bascd on a change i n  e i r h c r  o r  
Lath o f  two i a c r o r s :  
t r o L P r o j e c t i o n s  f o r  chanpr:; i.n C o i i t r D I  Iiavi: bcen b n s e d  on t h e  assumption 
t h a t  most changes w i l l  o c c u r  a s  a r c s u l t  of pres succ  from govcrmcnta l  
con::ol agencies .  The re fo re ,  t h e  f a c t o r s  t w ! i t  1 i k c l y  t o  e f f c c t  changes are  
p l a n t  s i z c  and p l a n t  Locacioii. Ttilise i n a i l s t r i c s  t h a t  a r e  l a r g c r  o p e r a t i o n s  
and t h a t  a r e  l o c a t e d  i n  i n r g . ?  urban B T < . ~ S  (c.g., expor t  c l e v a t o r s )  were 
assumed t o  be under  t h e  m o s t  p r e s s u r e ,  and t h c r c f o r c  i t  was a s s m e d  t h a t  
appl icat icrr i  c.f c o n t r o l  vould rcach  1C0% bj. l"8.5. Other  sma l l c r  i n d u s t r i o s  
l o c a t e d  i n  u.rban a r e a s  or l a r c e  rcr31 coimncnitics w r c  a s s m c d  t o  bc under  
somewhat less p r e s s u r e ,  e n d  i t  was ass:imcd t h a t  t h e  a p p l i c a c i o n  o f  c o n t r o l  
xould  re.?ch !GO?* by 1990 or 1995. F i n a l l y ,  saailcr o p e r a t i o n s  i n  r u r a l  
sreas  xere assunicd t o  be rcc<:iving. t h e  l .east  pri:ssi:rc, so cach o f  t h e s e  
i n d u s t r i e s  was a s s i g n e d  a c e r t a i n  rcrc . !xt  i i i c rcase  i n  a p p l i c a t i o n  o f  coy,- 
t r o l  pel yesr ( i . e . ,  f ccd  cill a?pl ica i ic .n  o f  c o n t r o l  will i n c r e a s e  i n -  
c r c a s c  :??; p e r  y e a r ) .  

t h c  c t f i c i c n c y  o f  c o n t r o i  o r  t h e  a p p l i c a t i o n  o f  con- 
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Es t ima tes  o f  i n c r e a s e s  i n  c f f l c i r n r y  o f  c o n t r o l  were based on t h e  
assumption t h a t  a l l  p r o c e s s e s  would b e  equipped wi th  "best  conrro?"  de- 
vices by t h e  t ime they  reached  100% a p p l i c a t i o n  o f  con t ro l .  This means 
t h a t  f a b r i c  f i l t e r s  w i th  9% e f f i c i e n c y  would be used wherever  pozs ib l e .  
The "best"  t y p e  cyc lone  w i t h  a n  e f f i c i e n c y  o f  95% would be used oh a11 
o t h e r  sources .  

The fo l lowing  pages c o n t a i n  t h e  s p e c i f i c  assumptions used f o r  each 
i n d u s t r y  and s m a r i e s  o f  p r o j e c t e d  emis s ions  for 1975 and 1980 f o r  t h e  
major  sou rces  of  em!ssion w i t h i n  each indus t ry .  

.. . . .  
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A. Elcvatoi-s  

1. Coutit.ry r l c v n t o r s :  Zincc coun t ry  c l e v a t - r s  tend  t o  be s m a l l e r  
o p e r a t i o n s ,  i t  was assumed t h a t  c o n t r o l s  would no t  be a p p l i e d  a s  qu ick ly  
no r  would t h o s e  c o n t r o l s  be a s  e f f i c i e n t  2s t h o s e  in t e m i n a l  and ex- 
p o r t  e l e v a t o r s .  I t  was a l s o  f e l t  t h a t  s i n c e  mariy o f  t h e  o p e r a t i o n s  were 
i n  s m a l l e r  c o m u n i t i e s ,  t h e r e  would no t  be a s  mgch p u b l i c  and agencv 
p r e s s u r e  t o  c o n t r o l  emissions.  F i r  t h e s e  reasons  i t  was e s t i m a t e d  t h a t  
t h e  a p p l i c a t i o n  of  c o n t r o l  would i n c r e a s e  by 2% p e r  yea r  f o r  eve ry  ope ra -  
t i o n  except  d ry ing ,  vh ich  would i n c r e a s e  to 35% a p p l i c a t i o n  o f  c o n t r o l  by 
1980. Efficien:y o f  c o n t r o l  f o r  a l l  Opera t ions  but d r y e r s  was assumed t o  
r e a c h  95% by 1980. 

P r e v i o u s l y  d e s c r i b e d  c a l c u l a t i o c s  f o r  d r y e r  emissions cons ide red  
rack  and column d r y e r s  s e p a r a t e l y  bu t  assumed t h a t  h a l f  t h e  d r y e r s  we’re 
c f  each type.  However, i n  making emiss ion  p r o j e c t i o n s  it  i s  d i f f i c z l t  t o  
e s t i m a t e  hov t h e  d i s t r i b u t i o n  of  d r y e r  t y p e s  may change and where new 
c c n t r o l  d e v i c e s  w i l l  be  a p p l i e d  i n  t h e  f u t u r e .  Therefore ,  i n  c a l c u l a t i n g  
p r o j e c t e d  emis s ions  o n l y  one c a l c u l a t i o n  vas  made, cover ing  bo th  t y p e s  o f  
d r y e r s ,  usi:ip an  ave rage  emiss ion  f a c t o r  0: 1.65 Ib / ton  [(3.Ci + 0 . 3 ) / 2 ]  
wi th  i n c r e a s e s  i n  t h e  o v e r a l l  a p p l i c a t i o n  of c o n t r o l  a s  d e s c r i b e d  above. 
Dryer  c o n t r o l  e f f i c i e n c y  was based on  an  average  e f s i c i e n c y  o f  80% for 
1971 an4 t h e  as5umption t h a t  a l l  new dev ices  w i l l  be 957. c f f i c i e n t .  

Chr ren t  and p r o j e c t e d  emis s lons  f o r  each source  a r e  pres*,ntcd i n  t h e  
t a b l e  5elow: 

Source -- 
Emissions ( t o n s / y e a r )  

1175 1980’ - - 1971 - 
a. Unlcading 4.1 lo4 4 . 4  x 104 4 . 3  x lo!+ 

C. Loading 1.9 x Id’ 1.1 x to” 2 . 1  x l& 
b. Turniiig 6.65 1s4 7 - 2 1  104 1.15 x Id’ 

d.  Drying 2 . 3 ,  x le 3.49 x I &  3.81 x le 
e. Clcaninp  1.38 x 1G’ 1 . 1 7  x Id’ 0 . 8 1  x Id‘ 
f .  Hcadhou:;c -- 1.92 x 105 1.92 s l$ 1.58 x I +  

T o t a l  3.57 x loj 3.76 x 1 6  3.39 x Id 
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2. Terminal  u l e v a t o r s :  Aecaxsc termina:.  e l e v a c o r s  t end  t o  be l a r g e r  
o p e r a t i o n s  i n  more h i g h l y  popu la t ed  a r e a s ,  it v a s  f e l t  t h a t  t h e r e  would 
5e a g r r . a t e r  p r e s s u r e  €or  c o n t r o l s  than  Tor coun t ry  e l .eva tors .  I t  was a s -  
sinned t h a t  a p p l i c a t i o n  o f  c o n t r o l  would r each  103% by 1995. I t  was a l s o  
assumed t h a t  a l l  sou rces  wculd b e  equipped w i t h  t h e  b e s t  d e v i c e s  by 1995. 
Th i s  i n d i c a t e s  a 99% e f f i c i t . x y  t o r  a l l  o p e r a t i o n s  excep: d r y i x g  which would 
be 95% e f f i c i e n t .  P r o j e c t e d  emiss ions  €or d r y e r s  w e r e  c a l c u l a t e d  us ing  t h e  
same methodology a s  f o r  coun t ry  cleva'iars.  P r e s e n t  and p r o j e c t e d  emiss ions  
f o r  t h e  v a r i o u s  s o u r c e s  i n  t e r m i n a l  e l e v a t o r s  a r e  i i s t e d  i n  t h e  t a b l e  below: 

Source 
- Emissions ( t o n s l w a r )  
1971 1980 - 1975 - - 

a. Unloading 1.22 104 1.31 x 104 1.20 ;< 104 
b. Turn ing  3.78 133 

e .  Cleaning  2.18 104 2.25 104 2.12 104 
f. Headhouse 3 . 4 ~  104 3.72 rx-104 3.38 104 

3.55 104 g .  T r i p p e r  3.67 x 104 3.54 x 10 4 

T o t a l  1.17 x lo5 1.26 x 105 1.15 105 

4.32 103 3.96 x 103 
E .  Loading 5.25 103 5.68 x 103 5.12 x 103 
d. Drying 2.78 x 103 3.76 x 103 3.54 x 103 
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3. Estmrt e l e v a t o r s :  Export  e l e v a t o r s  are l a r g e  o p e r a t i o n s  and a r c  
l o c a t e d  i n . u r b a n  a r e a s .  T h e r e f o r e ,  t h e y  w i l l  r e c e i v e  t h e  most p r e s s u r e  Lo 
c o n t r o l  emissions.  T h i s  l e a d s  t o  t h e  assumption t h a t  expor t  e l e \ - a t o r s  w i l l  
have 100: a p p l i c a t i o n  o f  c o n t r o l  K i t h  h i g h e s t  p o s s i b l e  e L f i c i e n c y  of con- 
t r o l  by 1985. T h i s  also means a 59% e f f i c i e n c y  of  c o n t r o l  on a l l  o p e r a t i o n s  
cxcep t  d ry ing  which w i l l  h a w  95% e f f i c i e n c y .  P r o j e c t e d  emis s ions  for  
d r y e r s  were c a l c u l a t e d  u s i n g  t h e  same methodology as  f o r  coun t ry  e l e v a t o r s .  
Thc p r o j e c t e d  m i s s i o n s  f o r  1975 and 1980 f o r  i n d i v i d u a l  p r o c e s s e s  a r e  in -  
c ludzd  i n  t h e  table .  b e l o w :  

s o u r c e  

a.  Un1n;ding 
b. Turn ing  
C. Loading 
d. Drying 
e. :leaning 
E. Headhouse 
g. T r i p p e r  

-- 

T o t a l  

E-xi s s i o n s  ( t o n s l y e a r )  
1380 - i 975  - 1971 - 

1.13 x 10" 1.C7 lo4 0.68 lo4 

3.12 104 2.96 x 104 1.82 104 

5.34 104 4.94 x 104 3.10 104 
2.02 104 1.93 x lo" 1.18 104 

1.40 105 1.32 105 0.82 105 

8.38 x 102 5.12 x lo2 8.95 x lo2 

2.60 x lo2 4.20 x 102 3.90 x 102 
2.30 x lo4 2.19 104 1.34 x 104 

I 
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8. Fccd M i 1 1 2  

Feed m i l l s ,  l i k e  c o u n t r y  e l e v a t o r s ,  a r e  s m a l l e r  o p e r a t i o n s  i n  predomi- 
n a n t l y  r u r a l  a r e a s .  The re fo re ,  t h e r e  i s  expec ted  t o  be less p r e s s u r e  f o r  
c u n t r o l s .  Thus it has  been assm.ed t h a t  t h e  a p p l i c a t i o n  of  c o n t r o l  w i l l  
i n c r e a s e  by 3% p e r  year .  It h a s  a l n r ,  been  assumed t h a t  t h e  eff:.ciency of  
cont.rG1 w i l l  r each  97% by 1SL3. The emiss ions  from those  o p e r a t i o n s  f o r  
which a c o n t r o l l e d  v m i s s i o n s  f a c t o r  h a s  p r e v i o u s l y  been used w i l :  be  c a l -  
c u l a t e d  us ing  t h e  same c o n t r o l l e d  emission' f a c t o r .  Current  emis s ions  and 
emiss ions  p r o j e c t e d  f o r  1975 and 1980 a re  l i s c e d  i n  t h e  t a b l e  below: 

Source - 
a. Receiving 
b. Shipping 
C. Handling 

d. Criiiiiin): 
C. PCllf ,L c o o l e r s  

op i . ra t ions  

T o t a l  

h i s s i . o n s  ( t o n s l y s a r )  
1983 - 1975 - ' 1969 - 

4.66 lo4 4.15 lo4 3.36 104 
1.95 104 1.89 104 1.72 x lof+ 

10.5 x l G 4  9.14 104 7.15 x 1OL 
2.44 103 2.92 x 103 3.29 Y 103 
-- 0.90 103 1.05 103 1.19 103 

1.74 lo5 1.56 x 105 1.27 105 
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C.  - A l f a l f a  Gehydra t ing  

Al:alfa dehydra t ion  plant:: a r e  also s m . , l l  o p e r a t i o n s  i n  r u r a l  a r e a s .  
However, s e v e r a l  s t a t e s  a r e  beginning  ta  sct s t a n d a r d s  and it h a s  been 
assumed t h a t  t h c r t  w i l l  be  i n c r e a s i n g  p r e s s u r e  :or c o n t r o l  on a l f a l f a  
dehydra t ing  p l a n t s .  The re fo re ,  11: is  e s t h a t e d  t h a t  t h e r e  w i l l  be a 5% 
p e r  y e a r  i n c r e a s e  i n  a p p l i c a t i o n  o f  c o n t r o l s .  It is a l s o  a s s m e d  t h a t  t h e  
e f f i c i e n c y  w i l l  be 95% on a l l  i n s t a l l e d  c o n t r o l s .  

Emissions d a t a  f o r  a l f a l f a  dchydra t ion  p l a n t s  a r e  f o r  t h e  t o t a l  p l a n t .  
The re fo re ,  e s t i m a t e d  p l a n t  emis s ions  f o r  1975 and I D S O  and p r e s e n t  p l a n t  
emis s ions  a r e  p re sen ted  bclow: 

. h i s s i o n s  ( t o n s l y e a r )  - 
1980 - 1975 - 1971 - 

1.6 104 1.30 x lo4 0.92 104 

. .  r. 

67 

I 



*' 

I 5,  

0. hhca!: Mills 

It h a s  been assumed ff)r t h e s e  caLculaLions t h a t  all. o p e r a t i o n s  f o r  
which emission f a c t o r s  a r e  a v a i l a b l e  w i l l  r e a c h  100% a p p l i c a t i o n  of  con- 
t r o l  w i th  t h e  c o n t r o l s  b e i c g  99% e f f i c i e n t ,  by 1990. Current  and p r o j e c t e d  
emis s ions  a r e  c o n t a i n e d  i n  che  t a b l e  below: 

Emissions ( t o n s l y e a r )  
1980 - 1975 - 1971 - Source - 

a. Receiving 2.78 103 2.24  103 1.54 103 

hand1 ing  7.89 103 6 . 4 4  103 4.47  lo3 

4 3.74 x 10 4 2.90 lo4 

b. Precleani iqs  and 

C. Cleaning h o i s e  I n s u f f i c i e n t  i n fo rma t ion  
d. M i l l  house 3.49 x 10 4 2.87 :i Id. 2.30 x 10' 

T o t a l  4 . 5 6  x 10 
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E. Durum M i l l 2  - 
Data on emiss ion  f a c t o r s  f o r  some o p e r a t i o n s  i n  durum m i l l s  3re no t  

s u f f i c i e n t  t o  c a l c u l a t e  emiss ions .  On t h o s e  o p e r a t i o n s  f o r  which s u f f i c i -  
e n t  emiss ion  f a c t o r  d a t a  a r e  a v a i l a b l e ,  it h a s  been a s s m e d  t h a t  100% 
a p p l i c a t i o n  of c o n t r o l  w i l l  have been a t t a i n e h  by 1990. It is a l s o  assumed 
t h a t  a l l  cont . rols  will bc 99% e f f i c i m t  by t h i s  t ime. P ro jec t ed  <miss ions  
t o r  each source  w i t h i n  t h c  durum m i l l i n g  i n h u s t r y  are l i s t e d  i n  t h e  t a b l e  
below: 

Source 
Emissjons ( t o n s l y e a r )  

1980 - 1975 - 197 1 - 
a. Receiving 1.68 x IO2 1.62 x lo2 1.30 x 102 
b. P rec l ean ing  and 

2 

c. Cleaning  house l n s u f f i c i c n t  i : i foma t ion  
d. Nil1 house I n s u f f i c i e n t  i n fo -ca t ion  - 

2 

hand l ing  4.81 x 10’ 4 . 6 6  x lo2 3.77 x io 

5.07 x 10’ 2 
6.28 x 10 T o t a l  6.49 x 10 
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F. &e Mill . ing 

For t h o s e  r y e  m i l l i n g  o p e r a t i o n s  €or  which s u f i t c i e n t  d a t a  were a v a i l -  
a b l e  t o  c a l c u l a t e  emis s ions ,  it h a s  been a s s m e d  t h a t  t h e  a p p l i c a t i o n  of 
c o n t r o l  w i l l  r each  100% wi th  a 99% e f f i c i e n c y  o f  c o n t r o l  by 1990. B e l m  
is a t a b l e  c o n t a i n i n g  p r e s e n t  emis s ions  and p r o j e c t e d  emis s ions  f o r  1Y75 
and 1980. 

Source - 
a. Recei.ving 
b. Precl.?aning and 

hand l ing  
c. Cleaning house 
d.  Elill house 

Total  

h i s s i o n s  ( t o n s l y e a r )  
1980 - 1.975 -- 1971 - 

2.03 x lrJ1 1.39 x lo1 2.55 x lo1 

7. i .2  x lo1 5.82 x lo1 4.04 x lo1 
2 

I n s u f f i c i e n t  i n fo rma t ion  
3.11 x lo' 

2 

2.59 x 102 2.08 x 10 -- 
2.62 x 10 2 2 4.08 x 10 - 3 . 3 8  * 10 

' 1  
: 2  

I . .  
J 

j 
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G. Dry C o r n  M j l l i n g  

Those o p e r a t i o n s  i n  t h e  d ry  c o r n  m i l l i n g  p rocess  f o r  which S J f f i c i e n t  
d a t a  were a v a i l a h l c  t o  e n a b l e  c a l c u l a t i o n  o f  e n i s s i o n s  wer2 a s s w e d  to have 
reached 100% a p p l i c a t i o n  of  c o n t r o l  by 1990. A l l  o p e r a t i o n s  but d ry ing  were 
assumed t o  have reached 99% e f f i c i e n c y  by 1990. h y i n g  was a s s m e d  t o  have 
reached an e f f i c i e n c y  of c o n t r o l  o f  95% by t h a t  d a t e .  L i s t e d  below a r e  t h e  
p r e s e n t  c a l c u l a t e d  emis s ions  and p r s j e c t e d  e n i s s i o n s  f o r  1975 and 1980. 

source  
Emissions ( t o n s l y e a r )  

1080 - 1975 - 1970 - 
a. Receiving 7.38 x 102 5.72 x 10' 3.93 x 102 
b. Dryinp 5.32 I lo1 4.50 x 10' 3.42 x 101 

1.27 103 
d. Cleaning house 4.14 x 10' 4.23 x lo2 2.82 x 10 2 

1.83 lo3 3' 
C. Yrecleaning and 

hand l ing  2.35  x 15 

e. Degeming and m i l l i n c  I n s u f f i c i e n t  i n fo rma t ion  

3 
1.98 x 10 3 2.87 x 10 3 T o t a l  3.55 x 10 

I! 
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H.  u a ~  M i l l i n s  

The o n l y  emission f a c t o r  a v a i l a b l e  fo r  o a t  m i l l i n g  i s  a c o n t r o l l e d  
emission f a c t o r  o f  2.5 l b l t o n .  For t h e s e  c a l c u l a t i o n s  i t  i s  assumed t h a t  
t h i s  f i g u r e  remains constant  hnd o n l y  t h e  production r a t e  w i l l  i n c r e a s e .  
Below arc p r o j e c t i o n s  of  es t imated e m i s s i o n s  tSr o a t  mills in  1975 and 
1Y80. 

Emissions ( t o n s f y e a r )  
1975 1980 - - 1970. - 

. i  
1 

..I 

8.75 x io2 10.0 x 102 10.0 x 102 
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I. k i c e  Mil l lnS 

The o n l y  L ~ i o  o p e r a t i o n s  i n  t h e  rice m i l l i n g  p r o c e s s  f o r  which c a l c u -  
l a t i o n s  were p o s s i b l e  were r e c e i v i n g  and p rec l can i i ig  and handl ing.  I t  was 
assumed t h a t  a p p l i c a t i o n  o f  c o n t r o l  on t h e s e  o p e r a t i o n s  wouid r e a c h  loo'.:, 
w i th  99% e f f i c i e n c y ,  by 1990. P r o j e c t e d  a i s s i o n s  f o r  some o f  t h e  r i c e  
m i l l i n g  o p e r a t i o n s  a r e  l i s t e d  be!ow: 

Source 
h . i s s i o n s  ( ? o n s l y e a r )  

1975 
-I- 

1980 - - 1970 - 
a. Receiviqg 4.56 x 102 4.05 x 102 2.61 x 102 
b. P r e c l e a n i n g  and 

3 

c-. Drying I n s u f f  i c i r n t  i n to rma t  i o n  
d. Cleaning and m i l l  Iiouse I n s u f f i c i e n t  i n f o m a t i o i .  

h a n d l i a g  3.80 x 10 3.32 x IO3 2.16 x 10 3 

' 
3 2.42 x io 3 

3.73 x 10 3 
T o t a l  4.26 x 10 

13 



J. Commercial Rice Dry ins  

Data are i n s u f f i c i m :  t o  e s t h a t e  c m i s s i o r s  f o r  commercial r i c e  dry-  
ing. 

K. Soyb6an n i l l s  

It h a s  been a s s m e d  t h a t  a l l  o p e r a t i o n s  i n  soyhcan m i l l s  w i i l  heve 
l.;jo% a p p l i c a t i o n  of  c o n t r o l s  w i t h  t h e  mst e f f i c i e n t  t y p e  o f  c o n t r o l  dev ice  
5y 1985. T h i s  means a 9% e f f i c i e n c y  ? €  c o n t r o l  f o r  a l l  o p e r a t i o n s  except  
drying,  bean conditioning. f:akir.&, meal d r y i n g ,  and mza; c o o l i n g  wbich 
w i l l  be 95% e f f i c i e n t .  Projc,:ted cmissFcn.= fo; t h e  \ f a r l o u s  ).oucc& i n  t h e  
soybean m i l l i n g  o p e r z t i o a  a re  p r e s e n t e d  i n  the t a b l e  balow: 

J 

R 

a. 
b, 
C. 

d. 
e. 

r. 
g. 
h. 
i. 

j .  
k. 

Source -- 
Receiving 
Handling 
Cleaning 

-Drying 
Cracking (and 

d e h u l l i n g )  
Hu l l  g r i n d i n g  
Bean condi t ionir~.g 
F l a k i n g  
Meal d r y e r  
Mcal c o o l e r  
Bulk loadixg 

-. ?miss ions  (ton~sl~~rj 
1570 1980 - 1975 - -. 

9.38 x 103 
1-55 104 

5.511 x 104 

2.04 103 
3.23 x 102 
8.29  x 102 
7.62 103 

4 i.73 x 10 

i . 0 7  x lo-' 

2.59 x !03 
3 1.95 x 1, 

T o t a l  11-7 x 19' 

7.09 x lo3 

1.32 x 19: 
1.19 104 

4.47 in* 

3.34 x !.03 
1.54 103 

7.91 x 102 
5.03 io3 
2.71 103 
i.t:9 133 

2.69 x 10' 

4 7.30 Y 1C 

4.36 103 
0.75 104 
0.82 lo4 
2.99 x 104 

1.~0 lo3 
1.21 103 

4.38 x 10' 

1.93 x 10; 
6.05 x 10 

3 2.17 x 10 
3 0.93 x 10 

4 6.14 x 10 
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L. Corn Wet Mills 

IC h a s  been -assumed t h s t  a l l  o p e r a t i o n s  excep t  d r y i n g  on co rn  wet 
mi.lls w i l l  have reached 100% a p p l i c a t i o n  o f  co r . t ro1  wl th  99% e f f i c i e n c y  
of c o r t r o ?  by 1985. Estimated d r y e r  emis s ions  have been c a l c u l a t e d  using 
a cor:roll.-d emis s ion  [ a c t o r  o f  1,241 l b / h r  and m u l t i p l y i n g  by t h e  r a t i o  
o f  i nc reased  p roduc t ion .  Cur ren t  p r o c e s s  emis s ions  and p r o j e c t e d  m i s s i o n s  
t o r  1975 and 1980 a r e  c o n t a i n e d  i n  t h e  t a b l e  below: 

h i s s i o n s  ( t o n s l y c a r )  
1980 - 1975 - 1970 - 

0.55 103 

6.30 103 

3 0.97 x 10 
5.11 103 3.20 103 1.97 ‘x, lo3 

c .  Cleaning 9.45 x 10 2 8.76 x 10’ 4.80 x 10’ 
b. Handling 

3 a. Receiving 1.21 x 10 

3 

4 

d. Drying 4.96 k 103 5.75 x 10 

4 
0.93 x 10 1.08 x 10 4 T o t a l  1.12 x 10 

r. 
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. -  A. Elevators 

1. s r y  elcvdtors 

a .  Unloar ' ing 

(1) 1 3 i 5  - 
(216 x lo6 tons)(0.64 1b/ton)(1/2,000)[1-(0.39)(0.9?)1 = 4.4 x io  4 tons 

( 2 5 5  x 10 b tons)(C.64 lb/ton)(l/:.O00)[1-(0.49)(0.~5)~ = 4.3 x 10 4 tons 

C?) 11480 - 

b. Turninfi 

(1 )  1975 - 
(16.2 x IO7 rcns)(l.40 lb/ton)(~/2,00o)[l-(0.39)(0.92)] = 7.27 x 10 4 tons 

(19.1 x lo7 tons)(l.40 Ib/ton)(l/2,000)[1-(0.49)(0.95)] = 7,15 x 10 4 tons 

c 

( 2 )  1980 - 

C. Loading 

(1) 1975 - 
(21.6 x lo7 tons)(0.27 l b / t o n ) ( l i ~ , O 0 0 ) [ 1 - ( 0 . 3 0 ~ ( 0 . ~ 2 ) ]  ='0.21 x lo5 tons 

( 2 )  1980 

7 (25.5 x .lo tons)(0.27 Ib/con~~l/2,000)[1-(0.40)(0.95)) = 0.21 x lo5 tons 

d. -* 

(1) 1975 - 

(5.5 x lo7 tonsl(l.65 1L/ton)(l/2,~0~)[1-(0.28)(0.82)] = 3.49 x IOL tons 

(2) 1980 . 
7 4 (0.5 x 10 tons)(L.65 Ib/toc~~l/2,000~[1-~0.35)~0.8~~] = 3.81 x 10 t o n s  

- * Origi.na1 data obtaincd on the application of contrnl f o r  dryers wcrc 
givcn a l o w  level oC cunlidencc. ThcreEorc, these predictions bascd 
on tha: data may be inaccurate. 
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P 

e. Cleaning 

(1) 1975 - 
(1.7 x IO7 tons)(6.0 1b!t0n)(1/2,000)[1-(0.~1)(0.95)] = 1.17 i( IO4 t -  .- 

(2) 1980 - 
(2.0 x IO7 tons)(6.0 Ib/ton)(l/~,OJO)[1-(0.91)(0.95)] = 0.81 x IO4 tons 

. f. Headhosse 

(1) 1975 - 
(66.6 x I O 7  tons)(1.5 l~/con)(l/2,000)[1-(0.67)(0~92)] = 1.92 x lo5 tons 

( 2 )  1980 - 
(78.6 x lo7 tons) (1 .5  1b/ton~(1/2,000)[1-(0,77)~0.95~] = 1.58 x IO5 tons 

2. T c m i n a l  elevators 

a. Untoadirg 

(1) 1975 - 
(6.9 x 10' tons)(l.O lb/ton)(l/2,000)[1-(0~6~)(0.94)] = 1.31 x IO4 tons 

(2) 1980 - 
(8.1 x lo7  tonsl(1.0 lb/ton)(lli,O00)[1-(@.74)(0.95)] = 1.20 x lo4 tons 

:'. Turninr: 
( I )  1975 - 

(4.9 x IO' t .ons)(l .40 lb/ton)(1/?,000)[1-(0.93)(0.94)'] = 4.32  x lo3 tons 

( 2 )  1980 -. 

.( (5.3 x lo7 tons)(l.l@ 1b/ton~~1/2,000~~1-~0.95~~0.95~~ = 3.94 x lo3 C O ~ I S  

8 

.. . . .  

I 
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C. Loading 

(1) 1975 - 

(6.9 x IO7 tons)(0.27 lb/ton)(l/:,0~0~[1-(0.42)(0.93)] = 5.68 x lo3 tons 
...u w - 

( 2 )  1980 - 

.. 

(8.1 x lo7 tons)(0.27 Ib / t~n) ( l /2 ,000~[1- ' (0 .56) (0 .95) ]  = 5.12 x lo3 tons 
. .  

d. 

(1) 1975 - _ i  

! 

(0.66 x lo7 tons)(1.65 lb/ton)(l/~!,OOO)[l-(0.37)(0.~3)] =. 3.76 x lo3 tons I ,  

. I  

(2) 1980 - 
(0.78 x lo7 tons)(1.65 I~/ton~~l/2.000~[1-~0.52~~0.86~] = 3.54 x lo3 tons 

e. Cleaning 

(i) 1975 - 

(1.5 x lo7 tons)(6.00 Ib/to~)(l/2,@00)~1-(@.53)(0.9~)~ = 2.28 x 10'' tons 

. ( 2 )  1960 - 
(1.8 x IO7 tons)(6.00 1~/ton~~1/2,000~[1-~0.64~~~.~5~] = 2.12 x 104 tons 

f .  Headhouse 

( L )  1975 - 
(20.9 x l o7  tons)il.5 lb/tun)(1/2,000)[1-(0.62)(0.93)] = 3.72 x lo4 Eons 

( 2 )  1960 - 

(24.4 x lo7 tons)(l.5 1b/ton)(1~2,000)[1-(0.86)(0.9!~~] = 3.38 x lo4 tons 

(;. Tripper  

(1 )  1479 - 
,J_ 

(11.8'~ IO7 tonsl(l.0 lb/ton~~l/~,O00~[1-~0.~5~(0.95)] = 3.94 x lo4 tons 
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c. 

(2 )  19eo - 

(13.9 x lo7 tons)(l.O 1b/ton)(1/2,000)~1-(0.51)(~J.Yb~] = 3.55 x lo4 tons 

3. Export elevators 

. .  a. Unloading 

(1) 1975 - 
(10.5 x lo7 tons)(l.O 1b/ton)(1/2,000)~1-(0,83)(0.9@~] = 1.07 x lo4 cons 

. .  
(2) 1980 - 

(12.6 x lo7 tons)(l.O lb/ton)(l/2,000)[1-(0.91)(0.98)] = 0.68 x lo4, tons 

b. Turning 

(1) 1975 - 
e 

(6.9 x lo6 cons)(l.40 lb/ton)(l/2,000)[1-(0.87)(0.95)] = 8.35 x lo2 tons 

( 2 )  1980 - , 

(8.3 x lo6 tnns)(l.40 1b/ton)(1/2,000)[1-(0.94)(0.5'7)] = 5.12 x lo2 tons 

c., Loading 

(1) 1975 - 
(10.5 x lo7 tonsJ(1.O i~/ton)(l/2,000)[1-(0.47)(0.93)] = 2.96 x loL tons 

( 2 )  1980 - 
I (12.e~ x lo7 t'oris)(l.O 1b/ton)~1/2,000)[1-(0.74)(0.96)] = 1.82 x 104 tons 

d.  

( I )  1975 - 
6 7 (1.05 x LO. tons)(l.b5 l b / t o n ~ ( l / 2 , O 0 0 ~ ~ 1 - ( 0 ~ ~ 6 ~ ( 0 . ~ ~ ~ ~ ~  = 3.90 x 10' tons .. 

( 2 )  1980 - 

(1.26 x lo6 tons)(1.65 lb/ton)(l./2,0OO)[l-(O.83)(0.90)] = 2.60 x lo? cons 

i 
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e. Cleaning 

(1) 1975 - 
(1.53 x LO7 tons)(6.0 lb/ton)(l/2,000)[1-(0.55.)~0.95)] = 2.1.9 x lo4 tons 

( 2 )  1980 - 
(1.84 x lo7 tons)(6.0 l~/ton)(li2,000)[1-(0.78)(0.97)] = 1.34 X lo4 tons 

' f .  Headhouse 

(1) 19:J - . .  

(23.3 x lo7 tons)(1.5 lb/ton)(1/2,000)[1-(0.74)(0.97)] = 4.94 x lo4 tons 

(2) 1980 - \ 
(28.0 x lO7'tons)(1.5 lb/ton)(l/2,000)[1-(0.87)(0.98)] = 3.10 x lo4 tons 

g. Tripper  

(1) 1975 - 1 

(11.2 x lo7 tons)(l.O 1b/ton)(1/2,000)[1-(0.69)~0.95)] = 1.93 x LO4 tons 

( 2 )  1960 - 
(L3.4 x lo7 tons)(l.O lb/ton)(l/2,000)[1-(0.85)(0.97~] = 1.18 x lo4 tons 

.. 
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8. Feed Nills 

a. Receiving 

(1) 1975 - 
(12.4 x lo7 tons)(1.30 lb;con)(l/Z,OOO)[l-(0.50)(0.97)] = 4.15 x lo4 tons 

( 2 )  1980 - 

(14.0 x lo7 tons)(1.30 lb/ton)(l/2,OOO)[i-(@.65)(0.97)] = 3.36 x lo4 tons 

b. Shipping 

(1) 1975 - 
(9.68 x lo7 tons)(0.5 1b/ton)(1/2,000)[1-(0.23)(0.94)] = 1.89 x lo4 tons 

( 2 )  1980 . 

(10.9 x lo7 tons)(0.5 lb/can)(l/2,000)[1-~0.38)(0.97)] = 1.72 x lo4 tons 

C. Ilandlinp operations 

(1) 1775 - 
( 1 2 . 4  x lo7 tons)(3.0 Ib/ton)(l /2,000)[1-(O.S3);0.96)] = 9.14 x lo4 tons 

( 2 )  1980 - 
(14.0 x lo7 tonsj(3.0 lb/ron)(l,'7,030)[1-(0.68)(0.97)] = 7.15 x 104 t.ons 

d.  Crindingq: 

(1) 1975 - 
(5.82 x lo7 tons)(O.l lb/ton)(1/2,000) = 2 . 9 2  x 1!.3 tons 

(2) 1980 - 
(b.57 x lo7 tons)(O.l Ib/ton)(1/2,000) = 3.29 x 103 tons 

* A controlled mission f a c t o r  vas used :o calculate. emissi.ons. 
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e. ?ellet coolers;? 

(1) 1973 - 
(2.10 x lo7 tons)(O.l lb/ton)(1/2,000) = 1.05 x 10' tons 

(2) 1980 - 
(2.38 x lo7 tons)(O.l lb/ton)(1/2,000) = 1.19 x lo3 tons 

C. A l I a l f a  Dehydrazinx 

(1) 1975 - ' 

(1.6 x lo6 tons)(20 1b/ton)(1/2,000)[1-(0.20)(0.9S)] = 1.30 x lo4 tons 

(2) 1980 - 
3 (1.6 x IO6 tons)(20 lb/ton)(1/2,300)[1-(0.45)(0~95)] z'9.16 x 10 tons 

D. Wheat Mills 

a .  Receiving 

(1) 19?5 - * 

(16.6 x 106 tons)(l.O 1b/ton)(1/2,000)[1-(0,76)(0.9~)~ = 2.24 x lo3 tons 

(2) 1980 - ' 

(15.6 x 10 6 tons)(l:J l~/ton)(l/2,00O)[l-(0,84)(0~~7~~ = 1.54 x 10 3 tons 

b, ='.caning and handlinS 

(1) 1975 - 

(16.6 x lo6 tons)(5.0 lb/ton)(l/~,O~~o)~l-(O,6~)(O.Y6)] := 6.44 x lo3 tons 

(2; l9EO - 
- 

(16.6 x 10' tons)(5.0 ? b / t o n ) ( l / 2 , O O ~ ) [ l - ( O . S Z ) ( O . ~ l ) ] ' =  4.41 x lo3 tams 
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C. Cleaning h o u s  

(1) 1975 - E = I n s u f f i c i e n t  i n fo rma t ion  

(2) 1980 - E = I n s u f f i c i e n t  i n f o m a t i o n  

d. H i l l  house 

(1) 1975 - 
(16.6 x lo6 t o n s ) ( 7 0  Ib/ton)(l/2,900)[1-(0.?7)(0.98)] = 2.87 x lo4 t o n s  

(2) 1980 - 
4 (16.6 x IO6 t o n s ) ( 7 0  lb/~o1~)(1/2,000)[1-(0.98)(0.98)] = 2.3C x LO tons 

E. Durum Mi= 

a. R c c e i v i n s  

(1)  1975 - 
( 1 . 2  x LO6 tons)( l .O ib/t0n)(l/2,OCO)[l-(3~76)(0.96)] = 1.62 x IO2 tons ., 

( 2 )  1980 - 
(1.4 x 106 t o n s ) ( l . S  lb/ton)~l/2,000)~1-(0.84~(0.97)~ = 1;30 x 102 t o n s  

b. PrecleaninR and h a n d l i i i g  

( 1 )  1975 - 

,1.2 x IO6 rons)(LI.O l b / t o n ) ( l / 2 , 0 3 0 j ~ l - ( O . a 8 ) ( 0 . 9 h ) j  = 4.66 x 10' t o n s  

( 2 )  1980 - 
(1.4 x lo6 tonsI (5.0 Ib/ton)(l/~,OOO~~[1-(C.~2)(0.97)~ = 3.77 x lo2 tons 

7 

J' 
. .  

. c .  C l e a n i n s  housc 

(1)  1975 - E :: l n s u f f i c i c n t  i n f o m a t i o n  

(2) 1980 - E = ln57.ifficient i n f o m a t i n n  

. ... 
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d. Elill house 

(1) 1975 - E = Insufficient information 

( 2 )  1980 - E = lnsuffirient information 

F. Rye Milling 

a. Kcceivinq 

(1) 1975 - 

(0.1:. x lo6 tons)(l.O I b / t o n ~ ~ l / 2 , 0 0 O ~ [ l - ~ 0 . 7 6 ~ ~ 0 . 9 6 ) 1  = 2.03 x l0l'tons 
. .  1 

( 2 )  1980 - 
(0.15 x 106 tccsl(l.0 1b/ton)!1/2,000)[1-(0.~4)(0.Y7)] = 1.39 x 101 Loris 

b. Precleaning and handling 

(1) 1975 - 
(0.15 x lo6 tons)(5.0 lb/ton)(l/2,000)~1-(0.88)(0.96)] = 5.82 x lo1 tons 

( 2 )  1980 - 

(0.15 x lo6 tonr!(5.0 lb/~on~~l/2,0OO~~I~~~i).')2~(0.97~~ = 4.04 x lo1 tons 

C. Gtzning housc 

(1) 1975 - E = Insufficient information 

( 2 )  1980 - E = insufficient informat.i.on 

d.  Elill h o u s e  

(1) 1Y75 - 
:0.15 x 106 tons)(70 lb/ton)(l/2,000)[i-t0.~7)(0.~8)] = 2.54 x 102 tons 

( 2 )  1950 - 
(0.15, x 106 tons)(70 lt/ton~~l/~,O00~[1-~0.~~~(0.98;~ = 5.08 x 102 tonc 
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C. Dry Corn Milling 

a.  xeceiving 

(1) 1975 - 
(4.7 x lo6 tons)(l.O lb/tcn)(l/2,GOO)[1-(0.78)(0.97)] = 5.72 x lo2 tons 

(2) 19PO - 
(4.7 x I O 6  tons)(l.O lb/ton)(l/2.000)[1-(0.85)(0.98)] = 3.93 x 102 tons 

b. 

(1) 1975 - 
(0.94 x lo6 tons)(Q.5 Ib/ton)~l/2,OOC)[l-(0.94)(0.8~~)~ = 4.50 x lo1 tons 

(2) 1980 - 
(0.Y4 x lo6 tons)(0.5 l b / ton ) ( l / 2 ,000)~1- (0 .96 ) (O .H9)1  = 3.42 x 10‘ tons 

c. Precleaning and h-ndl ing  

(1) 1975 - 
., 

r 

(4.7 x 106 tons)(5.0 IL/ton)( 1/2,000)[1-(0.87)(0.~?~] = 1.8; x 133 tons 

(2) 1980 - 
(4.7 x lo6 tons)(5.0 1b/ton)(1/2,000)[1-(0.91)(0.~>8)j = 1.27 x lo3 tons 

d. Cleaning 1- 

(1) 1975 - ‘b 
(4.7 x IO6 tons)(6.0 lbiton)(1/2,000)[I-O.97] = 4.23 x lo2 tons 

(2) l9RO - 
(4.7 x 106 tons)(6.0 !b/tun)(l/2,00C)ji-0.98] = 2.82 x 102 Lcns 

I 
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e. Degerming and r n i i l i n g  

(1) 

(2)  

1975 - E = I n s u f f i c i e n t  information 

1980 - E = I n s u f f i c i e n t  i n fo rma t ion  

1. Rice M i l l i n g  4 

a. Rece iv ing  

(1) 1975 - 
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c. Cleanins and nil; n O u 5 C  

(1) 1975 - E = insufficient inionnation 

( 2 )  1980 - E = Insufficient infornation 

I * *  

J. I.kImCKCia~iCc Drying 

Due to insutficient data, calculations are I:at possible. 

K. Soybean H i l l s  

a. Receiving 

(1)  1975 - ! 

n 

(15.8 x IO5 tons)(l.6 In/ton)(l/2,0~~)[1-(0.67)(0.98)] = 7.09 x IO3 cons 

( 2 )  1580 - 
(30.6 x IO6 tons)(l.6 lbiron)(1/2,000)[1-(0.83)(0.9~j] = 4.36  x 103 tons 

b. Ilacdlts 

(1)  1375 - 
(zj.8 x 106 .tors)(5.0 ~ s ~ t ~ ~ ~ i ~ ~ ~ . o o o ~ ~ ~ - ~ o . s ~ ~ ~ o . ~ ~ ~ ~  = 1.19 x 10 L toras 

( 2 )  1580 - 
(30.6 x 100 t.ons)(5.0 l~/rco):1/~,00~)~i-(0.92)(0.98)] = 0.75 x IO5 tons 

C. Slcaninc 

(1) 1975 - 
( 2 5 . 8  x io6 tons)(6.0 lb/t011;(1/2,000)[1-0.83] = 1 . 3 2  x IO' tons 

( 2 )  19.50 - 
(30.6 x 106 t o n s ) ( b . l l  l b / t o n ) ( 1 / ? , 0 0 0 ) ~ 1 - 0 . ~ 1 ]  = 0.82 x lo4 tons 
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d. I ) ) &  

(1) 1975 - 
(25.8 x IO6 tons)(7.2 1b/ton)(1/2,000)[1-(0.61)(0.85)1 = 4.47 x lo4 tons 

(2) 1980 - 
(30.6 x 106 tons)(7.2 1b/ton)(1/2,000)[1-(0.81)~0.90~] = 2.99 x 104 tons 

e. Cracking and dehulling 

(1) 1375 - 
( 2 5 . 8  x lo6 tons)(3.3 lb/ton)(l/2,000)[1-(0.97)(0.~5)] = 3.34 x lo3 tons 

(2) 1980 - 
(30.6 x 1C6 tons)(3.3 lb/ton)(l/2,000)[1-(0.99)(0.97)] = 2.00 x 103 tons 

f. Hull grindins 

(I) 1975 - 
(25.8 x IO6 tons)(2.0 lh/ton)(1/2,000)[l-(0.99)(0.95)j = 1.54 x IO3 tons 

(2) 1380 - 
(30.6 x 106 tons)(2.0 Ib/ror~)(l/2,000)[1-(@.99)(0.97)] = 1.21 x 103 tons 

g. Bean conditioning 

(1) 1975 - 
(25.8 x IO6 tons)(O.l 1b/ton)(1/2~000)~1-~0.8~~(0.92)1 = 2.69 x 10: tons 

( 2 )  . i w o  - 
(30.6 x IO6 tons)(O.l lb/tofi)(l/2,COO)[l-(0.93)(0.94)] = 1.93 x IO2 tons 

ti. Flakins 

(1) 1975 - 
(25 .8  x IO6 tons)(0.57 lb/ron)(l/2,003)[1-(0.~7)iJ.92~] = 7.91 x lb2 ton6 

\ '  
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(2) 1980 - 
(39 .6  x l i b  tons)(0.57 lb/con)(1/2,@03)[1-(0.99)(0.3~)~ = 6.05 x 102 tons 

i. Heal dryer ' 

(1) 1975 - . .  

(25.8 x lo6 tons)(l.5 lb/con)(l/2,000)[1-~0.75)(0.92)] = 6.00  x IO3 tons 

(2) 1960 - 
(3J.6 x lo6 tons)(l.5 lb/ton)(l/2,000)~1-(0.87)(0.93)] = 4.38  x lo3 tons 

j. Heal cooler 

( 1 )  1975 - 
( 2 5 . 8  x lo6 tons)(l.8 It/tc~)(l/2,0OC)[1-(0,~6)(0,9~)] = 2.71 x lo3 tons 

( 2 )  1910 - 
(30.6 x lo6 tbns)(1.8 lb!con)(l/2,00C)[1-(0.98)~0.94)] = 2.17 x lo3 tons. 

k. -loadin& 

(I) 1975 - 

( 2 5 . 8  x 106 tons)('J.?7 lb/ton)(l/2,00O)[l-(0.58)(0.96)] =: 1.&9 x IO3 tons 

(2) :sa@ - 
(30.6 x 106 cons)(0.?7 1~~/t~n)~1/2,000)~1-~0.79~(0.98!j = 0.93 x 103 tons 

9 1  
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Corn Wt:t Elills L a  

! a. Rcceiving 

(1) 1975 - 
(7.3 x 106 tons)(l.O ib/to~,)(i/2,ooo~jl-jn.78)(0.94)] = 9.74 x 10’ tons 

(2) 1980 - 
(8.0 x 106 t.ons)(l.O lb/ton)( 1/2,nOo~~~:-(O.S9)(0.97~] = 5.47 x 102 tons 

b. Handling 

(I) 1975 - 
(7.3 x 106 tons)(5.0 lb/ton)(l/2,000)[1-(0.8S)(~.97)] = 3.20 x io3 tons 

( 2 )  1980 - 
(8.0 x 106 tons)(5.0 1b/ton)(1/2,000)[1-(0.92)(0.9~)] = 1.97 x 10) tons 

C. Cleaning 

(1) :975 - 
(7.3 x 1(J6 ttms)(6.0 1b/ton)(1/2,~00)[1-(1)(U.Y~)] = 8.76 x 10’ tons  

(2) 1960 - 
(H.0 Y. 106 tons)(6.0 1b/ccn~i1/2,~00)~1~(1)(@.98)] = 4.80 x IO-’, c?ns 

d. DrvinC 

(1) 1975 - . 

(1,240 lb/hr)(7.3/6.3)(8,nOO hr)(1/2,000) = 5.75 x l.03 tons 

( 2 )  1980 - 
(1,240 lb/Iir)(8.~/6.3)(6,0~0 hr)(1/2,000) = 6.30 x 103 tans 
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