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ABSTRACT 

A program w a s  conducted a t  a te rmina l  e l eva to r  i n  Kansas City t o  ob- 
t a i n  information on t h e  quant i ty  of  d u s t  c o l l e c t e d  by each of seven f i l t e r  
systems assoc ia ted  with s p e c i f i c  opera t ions  i n  t h e  e l eva to r ,  i d e n t i f i e d  
below: 

Truck unloading; 
Car unloading; 
Car l o  ad ing ; 
Corn c leaner ;  
Gal le ry  b e l t ;  
Tunnel b e l t ;  and 
Headhouse. 

Determination of t h e  amount o f  dus t  co l l ec t ed  by each system was made 
by mechanical weighers i n s t a l l e d  on t h e  dus t  chutes  from each f i l t e r  t o  
continuously monitor the  amount of dus t  being discharged, which was equiva- 
l e n t  t o  t h e  amount of dus t  b e i n g  co l l ec t ed  by the  f i l t e r s .  Readings were 
taken on the  mechanical weighers once each week, and the  moun t  of each 
type of g r a i n  processed by t h e  seven grain-handl ing opera t ions  was obtained 
from the e l eva to r  opera t ing  records f o r  t h e  corresponding weekly period. 
Long-term (weekly) composite emission f a c t o r s  were ca lcu la ted  f o r  each 
operat ion,  and t h e  r e s u l t s  a r e  repor ted  he re in .  
da ta  were obtained so t h a t  emission f a c t o r s  could be ca l cu la t ed  according 
t o  g ra in  type and g r a i n  q u a l i t y  ( i . e . ,  moisture  and FM). 

A l s o ,  short- term emission 

Data co l l ec t ed  i n  t h e  s tudy were a l s o  used t o  cha rac t e r i ze  the t o t a l  
Po ten t i a l  dust  emissions from t h e  e l e v a t o r  on a weekly, d a i l y ,  and hourly 
basis. Average emission f a c t o r s ,  obtained from t h e  study f o r  each of t h e  
grain-handling opera t ions ,  were analyzed and used t o  compute cumulative 
emission f a c t o r s  t h a t  can b e  used t o  p r o j e c t  p o t e n t i a l  dus t  emissions from 
a terminal  e l eva to r  on t h e  b a s i s  of t h e  amount of g ra in  handled. 

i i  
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SUMMARY 

P o t e n t i a l  d u s t  emissions from a te rmina l  e l eva to r  were determined by 
the  use of mechanical weighers t h a t  cont inuously monitored the  quan t i ty  of 
d u s t  being c o l l e c t e d  by seven i n d i v i d u a l  f i l t e r  systems wi th in  t h e  e l e v a t o r .  
The grain-handl ing opera t ions  served by these  f i l t e r s  were: 

Truck unloading; 

Car unloading; 

Car loading ; 

Corn c leaning;  

Gal lery b e l t ;  

Tunnel b e l t ;  and 

Headhouse. 

Weekly v i s i t s  were made to t he  e l e v a t o r  t o  ob ta in  the  readings from 
the  d u s t  weighers, and t o  e x t r a c t  information from the e leva tor -opera t ing  
records f o r  de te rmina t ion  of the q u a n t i t y  of each g ra in  processed by each 
of the  seven grain-handl ing operat ions.  The information then permit ted 
c a l c u l a t i o n  of long-term (weekly) composite emission f a c t o r s  f o r  each 
operat ion.  Besides ob ta in ing  long-term emission f a c t o r  d a t a ,  t h e  weigher 
systems were a l s o  used t o  ob ta in  information on t o t a l  dus t  emissions and 
short- term emission f a c t o r s  during the  6-month s tudy.  
about the  conduct of t h e  program and the  r e s u l t s  a r e  discussed below. 

Pe r t inen t  f a c t s  

During the  s tudy ,  some problems were experienced wi th  the  f i l t e r  sys- 
tems themselves: p r imar i ly  i n t e r m i t t e n t  plugging of the f i l t e r s  and m a l -  
func t ion  of t he  c leaning  a i r -pu l se  valves .  
bu t  did not  s e r i o u s l y  a f f e c t  the  r e s u l t s .  

These probelms w e r e  troublesome, 
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The most important  r e s u l t  of  the s tudy  w a s  de te rmina t ion  of t h e  long- 
term (weekly) composite emission f a c t o r s  f o r  each of the  seven g ra in -  
handl ing opera t ions .  The range of t h e  emission f a c t o r s  determined each 
week f o r  the seven opera t ions  was wider  than expected, o f t e n  varying by 
a f a c t o r  of 5-10 or more. W e  b e l i e v e  t h a t  f o r  t h e  most p a r t  th is  was due 
t o  n a t u r a l  v a r i a b i l i t y  i n  gra in-dus t  emissions.  The average composite 
emission f a c t o r s ,  based on a n a l y s i s  of  t h e  weekly q u a n t i t i e s  of d u s t  co l -  
l ec t ed  and amount of g r a i n  handled are: 

( l b / t o n )  

Truck unloading 0.64 

Car unloading 1.30 

Car loading 0.27 

Corn c leaning  5.78 

Gal le ry  b e l t  0.11 

Tunnel b e l t  1.40 

Headhouse 1.49 

Comparison of the  emission f a c t o r s  ob ta ined  i n  t h i s  s tudy  with o the r  
published d a t a  i n d i c a t e s  t h a t  they ag ree  f a i r l y  w e l l  a l though some a r e  
h igher  f o r  some opera t ions  and lower f o r  o the r s .  However, o v e r a l l ,  ours  
a r e  believed t o  be more accu ra t e  because of t h e  more r igorous  experimental  
methods employed. 

Regression analyses  of the  weekly emission f a c t o r  d a t a  obtained i n  
t h i s  s tudy  d id  n o t  i n d i c a t e  any d e f i n i t e  r e l a t i o n s h i p  between the  q u a n t i t y  
of d u s t  c o l l e c t e d  and t h e  amount of each type of g r a i n  processed. It was 
concluded t h a t  long-term p o t e n t i a l  d u s t  emissions can be p red ic t ed  on t h e  
b a s i s  of the  t o t a l  m o u n t  of a l l  g r a i n  handled about as accura t e ly  a s  
could be done us ing  " b e s t - f i t ' '  i n d i v i d u a l  emission f a c t o r s  f o r  each type 
of  g ra in .  

Therefore ,  analyses  of t h e  average composite emission f a c t o r s  for each 
opera t ion  were used t o  c a l c u l a t e  t h e  cumulat ive emission f a c t o r s  shown 
below: 
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Elevator  Function 

Unloading (from t rucks)  
Unloading (from c a r s )  
Loading ( t o  c a r s )  
Cleaning (of corn)  
Turning 

Cumulative Emission Fac tor  
( l b  1 ton) 

2.24 
2.90 
3.16 

10.43 
3.00 

These cumulative f a c t o r s  r ep resen t  the  d u s t  emission p o t e n t i a l  of 
s e v e r a l  i nd iv idua l  grain-handl ing opera t ions  t h a t  must be c a r r i e d  o u t  f o r  
each s p e c i f i c  e l eva to r  funct ion.  For example, the  func t ion  of t ruck  
unloading includes p o t e n t i a l  dus t  emission from the  following opera t ions :  
(1) dumping g r a i n  from the  t ruck  i n t o  the  r ece iv ing  p i t ,  ( 2 )  e l e v a t i o n  of 
the  g ra in  by t h e  l e g  i n  t h e  headhouse, and (3) t r a n s f e r  of g r a i n  from the  
l e g  onto the g a l l e r y  b e l t .  Therefore,  cumulative emission f a c t o r s  can be 
u t i l i z e d  t o  p r e d i c t  t o t a l  p o t e n t i a l  d u s t  emissions on the  b a s i s  of t he  
amount of g ra in  processed by c e r t a i n  b a s i c  e l e v a t o r  func t ions .  

Short- term emission f a c t o r s  ( i .e . ,  f o r  i nd iv idua l  c a r s  or t rucks )  
w e r e  a l s o  obtained dur ing  this s tudy ,  and these  v e r i f i e d  the  wide range 
i n  emission f a c t o r s  f o r  each type of gra in .  On the  average they d id  
show a dependency on g r a i n  type, as shown below: 

Truck 
Unloading 
( l b /  ton) 

Soybeans 1.63 
Milo 0.95 
corn 0.47 
Wheat 0.52 

Car 
Unloading 
( l b / t o n )  

1.51 
1.08 
0.62 
0.50 

Car 
Loading 
( l b l t o n l  

0.44 
0.29 
0.28 
0.17 

Analysis  of t h e  shor t - te rm emission f a c t o r  d a t a  f o r  each g r a i n  was 
c a r r i e d  out  t o  determine any dependency on g r a i n  q u a l i t y  (moisture or Em"). 
There was no d i s c e r n i b l e  i n d i c a t i o n  of any e f f e c t  of FM on t h e  emission 
f a c t o r s  and d a t a  on t h e  e f f e c t  of moisture  were inconclusive.  

* Foreign material. 

x i v  



Information was a l s o  obtained i n  the  s tudy t h a t  permit ted c h a r a c t e r i z a -  
t i o n  of the  t o t a l  p o t e n t i a l  dus t  emissions over  weekly, d a i l y ,  and hour ly  
per iods .  The t o t a l  d u s t  c o l l e c t e d  over  these  per iods var ied over  t h e  f o l -  
lowing ranges ;  f o r  t h i s  p a r t i c u l a r  e l e v a t o r  which has a s t o r a g e  c a p a c i t y  
of 4 m i l l i o n  bushels  and r e c e i p t s  p lus  shipments average about  13,000 tons /  
week: 

Per iod T o t a l  Dust Col lected ( lb )  

Weekly 17,4a4-64,490 

Dai ly  2,260-6,134 

Hourly 105-2,960 

Over the  long term, s i g n i f i c a n t l y ,  t h e  headhouse genera tes  by f a r  t h e  
l a r g e s t  m o u n t  of d u s t ,  because i t  ope ra t e s  on a more continuous b a s i s  than  
o t h e r  ope ra t ions ;  a l l  g r a i n  must pas s  through the headhouse f o r  any and 
a l l  func t ions  performed by the  e l e v a t o r .  
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INTRODUCTION 

This p r o j e c t  was undertaken t o  i n v e s t i g a t e  d u s t  emissions from 
terminal  e l eva to r s .  P r i o r  t o  t h i s  p r o j e c t ,  Midwest Research I n s t i t u t e  had 
conducted a broad program f o r  t he  Environmental P ro tec t ion  Agency, en- 
t i t l e d  "Engineering and Cost Study of Emissions Control  i n  the  Grain and 
Feed Indus t ry  " (EPA Contract  No. 68-02-0213). Included i n  t h a t  s tudy  was 
a c o l l e c t i o n  of a v a i l a b l e  d a t a  on emissions from g r a i n  e l e v a t o r  opera t ions ,  
which d i r e c t l y  r e f l e c t  emission-control  requirements f o r  such opera t ions  
and the  r e q u i s i t e  emission c o n t r o l  strategy and c o n t r o l  equipment s e l ec -  
t i o n  and cos t s .  

During the  course of t h a t  s tudy ,  i t  became obvious t h a t  d u s t  emis- 
s i o n  d a t a  and emission f a c t o r s  f o r  g r a i n  e l e v a t o r s  w e r e  spa r se ,  and the  
information which w a s  a v a i l a b l e  cons i s t ed  of gross e s t ima tes  or mate- 
r ia l  balances f o r  e l e v a t o r  ope ra t ions  as a whole, or were based on a few 
short- term tests on c e r t a i n  s p e c i f i c  opera t ions .  

Recognizing t h e  need f o r  more d a t a  on emissions and emission f a c t o r s  
f o r  g r a i n  e l eva to r s ,  EPA author ized  MRI t o  conduct a s tudy  t o  o b t a i n  addi- 
t i o n a l  da t a .  As proposed by M R I ,  this s tudy w a s  t o  be  based on continuous 
weighing of the  d u s t  c o l l e c t e d  by f i l t e r  systems i n s t a l l e d  on s e v e r a l  grain-  
handling operat ions a t  a terminal e l e v a t o r  i n  Kansas City.  Fabr i c  f i l t e r s  
e x h i b i t  very high c o l l e c t i o n  e f f i c i e n c y ,  so i t  could be assumed t h a t  i f  
the  quan t i ty  of d u s t  c o l l e c t e d  and then discharged from the  f i l t e r s  was 
determined, one would have an  a c c u r a t e  measure of the  amount of d u s t  t h a t  
had entered the  d u s t  c o l l e c t o r  system. The e l e v a t o r  where the  s tudy  was 
t o  be conducted had the  advantages that each major grain-handl ing opera- 
t i o n  w a s  equipped with a f a b r i c  f i l t e r  dus t - co l l ec to r  system, and t h a t  each 
w a s  a s epa ra t e  system (i .e. ,  n o t  d u c t e d  t o  a common c o n t r o l  device) .  These 
opera t ions  included the fol lowing:  
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Truck unloading; 

Car unloading; 

Car loading;  

Corn c leaning;  

Gal lery b e l t ;  

Tunnel b e l t ;  and 

Headhouse. 

Af te r  s e l e c t i o n  of the dus t  weighers t o  be used i n  the  s tudy ,  MRI 
made arrangements with the e l e v a t o r  t o  o b t a i n - a l l  information regarding 
t h e  a m u n t  and type of each g r a i n  processed through each of the gra in-  
handl ing opera t ions  a s soc ia t ed  wi th  the  seven f i l t e r  systems. 
toge ther  with the  q u a n t i t i e s  of d u s t  weighed, provided the  information 
necessary for the  purposes of t h i s  s tudy.  

These d a t a ,  
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PURPOSE 

The primary purpose of this study was to determine emission factors 
(pound of dust per ton of grain) for seven specific grain-handling opera- 
tions in a terminal elevator. These factors were to be long-term emis- 
sion factors. 
total weight of dust collected by each filter system over weekly periods 
and the corresponding quantity (and type) of grain processed through the 
associated grain-handling operation. 
repeated each week over a period of 6 months. 

That is, they were to be determined on the basis of the 

These determinations were to be 

Other emission data were also to be collected during the test period, 
including the following: 

1. Short-term emission factors with identification of grain type 
and grain quality (moisture and FM*). 

2 .  Determination of the quantity of dust collected by each operating 
system during five separate 8-hr periods. 

0 

3 .  Determination of the quantity of dust collected by each operating 
system during 16 separate 1-hr periods. 

* Foreign material. 
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DESCRIPTION OF THE ELEVATOR 

The Kansas C i t y  Terminal E leva to r  No. 1, where we  conducted t h i s  
s tudy ,  i s  p i c tu red  i n  F igure  1, and d i a g r a m e d  schemat ica l ly  i n  Figure 2 .  
It has a t o t a l  s t o r a g e  capac i ty  of 4 million bushe ls  and handles  wheat, 
corn,  soybeans and milo.  Storage of g r a i n  i s  i n  bins  on each s i d e  of 
t h e  headhouse. Those b ins  on one s i d e  a r e  r e f e r r e d  t o  as the  "old house'' 
and those on the  o t h e r  as t h e  "new house." This i s  s i g n i f i c a n t  from the 
s t andpo in t  t h a t  t h e r e  a r e  a t o t a l  of 12 d u s t  c o l l e c t o r  systems a t  t h i s  
e l e v a t o r ,  bu t  weigher systems were not  i n s t a l l e d  on any of the f i v e  f i l t e r  
systems i n  the new house. These included t h e  two g a l l e r y  b e l t  and two 
tunnel  b e l t  systems p lus  the one on barge loading ,  which is seldom used. 
A d e s c r i p t i o n  of t h e  o t h e r  seven f i l t e r  systems, on which weighers were 
i n s t a l l e d ,  i s  given beiow. 

UNLOADING 

Grain i s  r ece ived  a t  t h e  e l eva to r  by t r u c k ,  hopper c a r s ,  and boxcars.  
There i s  only one t r u c k  unloading s t a t i o n ,  c o n s i s t i n g  of a long shed $hat 
enc loses  the  longes t  semi-truck, and a dump p i t  t h a t  i s  equipped wi th  
undergrate  a s p i r a t i o n  ducted t o  a f a b r i c  f i l t e r .  
f a l l s  i n t o  t h e  r ece iv ing  p i t ,  and i s  conveyed by underground b e l t  i n t o  
either of  two legs, one having a capac i ty  of 10,000 bu/hr  and t h e  o t h e r  
25,000 bu/hr.  (The e l e v a t o r  i s  equipped w i t h  a t o t a l  of four  l egs ;  two 
a r e  10,000 bu/hr capac i ty  and two are 25,000 bu/hr  capac i ty . )  
i s  conveyed by these  l egs  t o  the  top  of t h e  headhouse, where it  may be 
discharged t o  any of several loca t ions ,  a l though i t  i s  usua l ly  discharged 
onto t h e  g a l l e r y  b e l t  se rv ing  the  o l d  house or onto  e i t h e r  of t h e  two 
g a l l e r y  b e l t s  se rv ing  t h e  new house. 
charged i n t o  t h e  s e l e c t e d  s to rage  b ins  by means o f  " t r i p p e r s . "  

Grain rece ived  by t ruck  

The g r a i n  

From t h e s e  b e l t s  t h e  g r a i n  i s  d i s -  

Grain i s  a l s o  rece ived  by hopper c a r s  o r  boxcars.  Hopper c a r s  a r e  
bottom-unloaded through one d m p  g r a t e  i n t o  a r ece iv ing  p i t ;  from there 
i t  i s  conveyed by an underground b e l t  i n t o  e i t h e r  of two l e g s ,  which 
e l e v a t e s  the  g r a i n  t o  t h e  top  of t h e  headhouse and d ischarges  i t  onto one 
O f  the  g a l l e r y  b e l t s ,  a s  i n  t ruck  unloading. 
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(Old  House) 
J 

(New House) 
J. 

Figure 1. Photograph of elevator--front and back views. 
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Boxcars a r e  unloaded by a h y d r a u l i c a l l y  operated mechanical c a r  un- 
loader .  This device  e l e v a t e s  one end of the  c a r  and t i l t s  the c a r  s ide -  
ways, caus ing  t h e  g r a i n  t o  flow o u t  of the  c a r  door and through t h e  t rack-  
s i d e  g r a t i n g  i n t o  a r e c e i v i n g  p i t  below. Grain i s  conveyed out  of t h i s  p i t  
by t h e  same underground b e l t  t h a t  s e rves  t h e  hopper-car unloading system. 

Both the  hopper c a r  and boxcar unloading a r e  equipped wi th  undergra te  
a s p i r a t i o n  l ead ing  t o  a common f a b r i c  f i l t e r .  S l i d e  va lves  a r e  used i n  
t h e  duc t ing ,  i n  order  t o  provide  a s p i r a t i o n  f o r  unloading hopper c a r s  or 
boxcars ,  depending on which i s  i n  use. Because both hopper-car unloading 
and boxcar unloading are served by t h e  same underground b e l t ,  on ly  one 
c a r  can be unloaded a t  a t i m e  even though hopper cars are unloaded on one 
t r a c k  while t h e  o t h e r  t r a c k  i s  used exc lus ive ly  f o r  boxcar unloading. 

LOADING 

Grain may be loaded i n t o  hopper cars, boxcars ,  o r  barges .  There i s  
no loading of t rucks  a t  th is  e l e v a t o r ,  and barge loading i s  seldom ussd. 
Boxcars and hopper c a r s  a r e  loaded on the  same t r ack ,  b u t  n o t  s imultaneously.  
A common f a b r i c  f i l t e r  s e rves  both  hopper c a r  and boxcar loading,  w i th  a 
s l i d e  valve i n  the  duc t ing  t o  provide a s p i r a t i o n  t o  one or the  o the r .  

The d u s t - c o l l e c t i o n  system f o r  c a r  loading  i s  descr ibed  i n  the  nex t  
s e c t i o n  of t h i s  r epor t .  

GALLERY BELTS 

There are t h r e e  g a l l e r y  b e l t s ,  one se rv ing  the  o ld  house and two i n  
the  new house. Each of  t hese  i s  equipped wi th  a hood and f i l t e r  system a t  
t h e  poin t  where the  g r a i n  is discharged onto  the  b e l t .  However, t h e r e  is  
no d u s t  c o l l e c t i o n  on the  g a l l e r y  b e l t  t r i p p e r s  o r  t h e  s to rage  b ins .  
Therefore ,  t h e  d u s t  c o l l e c t i o n  hoods a c t u a l l y  se rve  only the  t r a n s f e r  p o i n t  
where g r a i n  i s  d ischarged  onto the  b e l t .  

TUNNEL BELTS 

The tunnel  b e l t  i n  the  old house r e c e i v e s  g ra in  from the  bottom of 
the  b ins  and d ischarges  i t  i n t o  e i t h e r  of two l e g s ,  while  the two tunnel  
b e l t s  i n  t h e  new house d ischarge  g r a i n  i n t o  e i t h e r  of the o t h e r  two l e g s .  
A weigher system was i n s t a l l e d  only  on the  old house tunnel  b e l t ,  and co l -  
l ec t ed  d u s t  from the  hoods a t  each b in  drop-point on to  the b e l t  as  w e l l  a s  
from t h e  over  and under hoods a t  t h e  head pul ley  of the tunnel  b e l t ,  and 
from the  boot  of one leg .  S l i d e  va lves  i n  the  duc t ing  were used t o  pro- 
vide a s p i r a t i o n  only on those  hoods where g r a i n  was being discharged onto 
t h e  tunnel  b e l t .  
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CLEANER 

The e l e v a t o r  was equipped wi th  one c l e a n e r ,  having a capac i ty  of  
1,000 bu/hr ,  t h a t  u t i l i z e d  a i r  a s p i r a t i o n .  It was used f o r  c l ean ing  of 
corn p r i o r  t o  loadout ,  but  s i n c e  only  a p o r t i o n  of t h e  corn was c leaned ,  
i t  was used  only i n t e r m i t t e n t l y ,  a s  requi red .  Corn t o  be cleaned i s  f e d  
onto t h e  upper end of  t h e  c leaner  and t r a v e l s  downward over a sc reen  by 
t h e  o s c i l l a t i n g  motion of t h e  c leaner .  During t h i s  process ,  smal le r  
p a r t i c l e s  (e.g. ,  seeds ,  broken k e r n e l s ,  small rocks ,  e t c . )  f a l l  through 
t h e  sc reen  and a r e  r e j e c t e d .  There are a l s o  two f a n s  mounted on t op  of 
the  c l eane r  which p u l l  a i r  up through t h e  sc reen  and remove d u s t ,  chaf f  
and h u l l s ,  e t c . ,  which a r e  c o l l e c t e d  by t h e  f i l t e r  before  t h e  air i s  
exhausted t o  t h e  atmosphere. Ma te r i a l  c o l l e c t e d  by t h e  f i l t e r  is  dropped 
i n t o  a dus t  s to rage  tank  mounted on t h e  s i d e  of t h e  bu i ld ing  below t h e  
f i l t e r .  This  i s  t h e  only d u s t - c o n t r o l  system a t  t h e  e l e v a t o r  i n  which 
t h e  c o l l e c t e d  dus t  i s  not  re turned  i n t o  t h e  g r a i n  s t ream. 

HEADHOUSE 

A s  p rev ious ly  mentioned, the  e l e v a t o r  w a s  equipped wi th  four  l e g s .  
The headhouse a l s o  cons is ted  of two s c a l e  and garner  systems. This  
arrangement provided good f l e x i b i l i t y  i n  t h a t  t ruck  unloading could be 
c a r r i e d  o u t  s imultaneously w i t h  c a r  loading or unloading. 

A t  t h e  top of t h e  headhouse t h e  g r a i n  was discharged from t h e  fou r  
l e g s ,  and t h e  flow could be d i r e c t e d  t o  any of  s e v e r a l  l o c a t i o n s :  inc lud-  
ing  t h e  t h r e e  g a l l e r y  b e l t s ,  t h e  two garner  and weigh tank  systems, and 
t h e  headhouse b i n s .  The dus t  c o n t r o l  system i n  t h e  headhouse cons i s t ed  
of a s i n g l e  l a r g e  f a b r i c  f i l t e r ,  b u t  t h e  s u c t i o n  manifold had many branches 
t o  c o n t r o l  d u s t  from t h e  four  l e g s ,  t h e  l e g  d ischarge  chutes ,  and t h e  two 
garner  and weigh tank systems. 

During t h e  6-month t e s t  per iod t h e  e l e v a t o r  opera ted  i n  what would be 
considered a normal manner. 
t rucks  and of  loading and unloading ca r s .  Some corn was cleaned i n t e r m i t -  
t e n t l y ,  and t h e  one g r a i n  dryer  a t  t h e  e l e v a t o r  was used on c e r t a i n  occa- 
s ions ,  p r imar i ly  f o r  drying milo.  

Operat ion cons i s t ed  p r imar i ly  of unloading 

A s  expected, t h e  quan t i ty  of  g r a i n  processed each day increased  during 
During these  t imes ,  t h e  e l e v a t o r  ope ra t ing  hours  (8:OO A.M. harves t  per iods.  

t o  5:OO P.M.) were extended t o  l a t e  i n  t h e  evening, and t h e  e l e v a t o r  some- 
times remained open on Saturdays.  

Besides t h e  normal loading and unloading,  some in-house t r a n s f e r  of 

Such t r a n s f e r  ope ra t ions  most o f t e n  cons is ted  of 
g ra in  was conducted, o f t e n  on weekends i n  o rde r  not  t o  i n t e r f e r e  w i t h  
loading and unloading. 
moving g r a i n  from one b i n  t o  another  b i n .  
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DESCRIPTION OF DUST CONTROL SYSTEMS 

This d i scuss ion  i s  r e s t r i c t e d  t o  those  seven f i l t e r  systems on which 
the  dus t  weighers were i n s t a l l e d .  
t o  those opera t ions  t h a t  were equipped w i t h  weighers. However, t h e  prime 
purpose of t h i s  s tudy  was t o  o b t a i n  d a t a  t h a t  would permit  us t o  c a l c u l a t e  
t h e  uncont ro l led  emission f a c t o r  f o r  each of  the  seven gra in-handl ing  opera- 
t i o n s  descr ibed  below ( i .e . ,  t o  de te rmine  t h e  weight of d u s t  c o l l e c t e d  by 
each system and then  be a b l e  t o  assess the  quan t i ty  of g r a i n  processed 
through the a s soc ia t ed  gra in-handl ing  ope ra t ion  dur ing  t h e  same time in-  
t e r v a l  (u sua l ly  1 week)). The e l e v a t o r  personnel  were very h e l p f u l  and 
recorded the  information necessary  f o r  us t o  c a l c u l a t e  the  amount of each 
type  of g r a i n  processed through each of  t h e  seven opere t ions .  

The o t h e r  f i v e  systems a r e  q u i t e  s i m i l a r  

A l l  of the  f i l t e r  systems had been i n s t a l l e d  a t  t h e  e l e v a t o r  i n  1972 
by the Natkin Company of Kansas C i ty ,  Missouri .  They i n s t a l l e d  Micro-Pul 
f i l t e r s  t h a t  a r e  equipped wi th  p u l s e - j e t  bag c leaning  mechanisms r e q u i r i n g  
80-100 p s i  c leaning  a i r .  Each sys tem has  i t s  own c lean ing  a i r  compressor 
and a i r  tank. D e t a i l s  of each of  the seven dus t  c o l l e c t i o n  and f i l t e r  
systems a r e  presented below. 

TRUCK UNLOADING 

The t ruck  unloading p i t  i s  equipped wi th  undergra te  a s p i r a t i o n  of 
12,000 cfm ducted t o  a Micro-Pul f i l t e r .  Clean a i r  from the  f i l t e r  i s  
exhausted t o  atmosphere through a blower. A schematic diagram of  t h e  
system i s  shown i n  Figure 3 and p i c t u r e d  i n  Figure 4 .  A s  shown i n  the  
schematic,  t h i s  system a l s o  provides  d u s t  con t ro l  f o r  t h e  t ruck  unloading 
b e l t  and f o r  the  boot of t h e  No. 1 e l e v a t o r  ( l e g ) .  

Observation of t h i s  system d u r i n g  our weekly v i s i t s  i nd ica t ed  t h a t  i t  
does a very good job  of c o n t r o l l i n g  emissions from t r u c k  unloading. 
or no dus t  could be observed escaping  cap tu re  by the  undergrate  a s p i r a t o r .  

L i t t l e  
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The t ruck-unloading shed i s  open a t  both ends,  but  t h e  shed i s  q u i t e  long,  
exceeding t h e  e n t i r e  length  of t h e  l a r g e s t  semi- t rucks.  

The d u s t  hopper below t h e  f i l t e r  bags d ischarges  d u s t  through a r o t a r y  
valve ( a i r  l ock ) ,  and t h e  d u s t  weigher was mounted j u s t  below t h i s  a i r  lock. 
Dust w a s  discharged from t h e  air lock i n t o  t h e  weigher, and then i n t o  a 
screw conveyor t h a t  r e tu rned  t h e  dus t  t o  t h e  unloading l eg .  

Although t h e  f i l t e r  d i d  provide good c o n t r o l  of truck-unloading emis- 
s i o n s ,  i t  occas iona l ly  plugged, u s u a l l y  from "bridging" of t h e  dus t  j u s t  
above t h e  r o t a r y  valve. 
of the c leaning  a i r  p u l s e  va lves  which fou led  a t  very low temperatures .  
Pluggage n e c e s s i t a t e d  d ismant l ing  of t h e  r o t a r y  va lve  t o  c l ean  out  t h e  
f i l t e r  hopper,  so t h a t  p a r t  of t h e  d u s t  was not  weighed and would, t he re -  
f o r e ,  tend t o  lower t h e  ca l cu la t ed  emission f a c t o r  f o r  t h a t  per iod (week). 
Also,  it w a s  d i f f i c u l t  f o r  us t o  know how long,  during t h e  week, t h e  f i l t e r  
w a s  plugged. 

Bridging may have been caused p a r t l y  by malfunct ion 

Bridging d i d  n o t  occur i n  e i t h e r  of  the two filters which have a screw 
conveyor a t  t h e  bottom of the d u s t - f i l t e r  hopper;  it d i d  occur more than 
once i n  each of t hose  te t rahedron-shaped hoppers  t h a t  connect d i r e c t l y  t o  
a r o t a r y  valve. It might,  t h e r e f o r e ,  be  good p r a c t i c e  t o  avoid us ing  
hoppers of t h i s  design,  even though i t  would cause some i n c r e a s e  i n  c o s t  
due t o  t h e  added expense of a screw conveyor. 

Like t h e  o t h e r  f i l t e r  systems, t h e  t r u c k  unloading f i l t e r  a l s o  experi- 
enced some problem wi th  malfunct ion of  t h e  c leaning  a i r  p u l s e  va lves ,  p r i -  
mar i ly  during subfreez ing  temperatures.  Such temperatures  occurred only 
l a t e  i n  t h e  program, b u t  it c e r t a i n l y  increased  t h e  frequency of  t h e  problem 
w i t h  a l l  of t h e  f i l t e r  systems. 
ze ro  a i r  p re s su re  reading  i n  t h e  c leaning  a i r  tanks ,  even though t h e  com- 
p res so r s  r a n  cont inuously.  
and f r eez ing  of  water vapor from t h e  compressed a i r ,  i n  t h e  pulse  va lves ,  
which then causes  malfunct ion of t h e  va lves  r e s u l t i n g  i n  continuous bleed-  
O f f  of t h e  compressed air. Ambient a i r  t h a t  i s  compressed t o  50-100 ps ig  
w i l l  have a high.dewpoint.  If t h e  compressed a i r  l i n e s  a r e  exposed t o  
subfreezing temperatures ,  t h e  mois ture  w i l l  condense and f r e e z e  i n  these  
a i r  l i n e s .  Therefore ,  i f  t h i s  s i t u a t i o n  may e x i s t ,  r e l i a b l e  means should 
be provided f o r  dry ing  t h e  compressed a i r ,  o r  f o r  o therwise  prevent ing 
condensation o r  f r e e z i n g  of t h e  water  i n  t h e  compressed a i r  l i n e s .  Such 
precaut ions  would of course  be  an added expense,  bu t  wi thout  it, proper 
opera t ion  of the  dus t - con t ro l  system i n  cold weather w i l l  be very uncer ta in .  

Primary i n d i c a t i o n  of t h i s  problem w a s  

The problem i s  e v i d e n t l y  caused by condensation 
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CAR UNLOADING 

The car-unloading f i l t e r  serves t h e  undergra te  a s p i r a t i o n  on hopper- 
ca r  unloading and boxcar unloading. 
a s p i r a t i o n  t o  one or  t h e  o t h e r  of  t h e  two r ece iv ing  p i t s .  Design a i r  flow 
i s  18,000 cfm through the  Micro-Pul f i l t e r ,  and c l ean  a i r  i s  exhausted 
through t h e  f an  t o  atmosphere. A schematic  diagram of t h e  system is  shown 
i n  Figure 5 and p ic tured  i n  F igure  6.  Th i s  system a160 provides  d u s t  con- 
t r o l  f o r  t h e  unloading b e l t  and t h e  No. 4 l eg .  

S l i d e  va lves  i n  t h e  duct ing provide  

D u s t  co l l ec t ed  by t h e  f i l t e r  i s  conveyed by a screw conveyor t o  a 
r o t a r y  va lve  ( a i r  lock)  t h a t  d i scha rges  t h e  dus t  i n t o  a chute.  Th i s  chute  
dropped t h e  dus t  i n t o  our weigher,  from which it  was discharged back down 
i n t o  t h e  gra in- rece iv ing  p i t .  
occur on occasion and some problems were encountered with malfunct ion of 
t h e  a i r  pu lse  va lves  a t  low t empera tures .  

Pluggage of t h e  dus t  d i scharge  chute  d i d  

The unloading a rea  i s  enclosed by a shed t h a t  i s  open a t  both ends. 
Observation of t h i s  dus t  c o l l e c t i o n  system ind ica t ed  t h a t  i t  was not  com- 
p l e t e l y  e f f e c t i v e  i n  captur ing  t h e  d u s t  emi t t ed  during boxcar unloading. 
However, t h e  undergra te  a s p i r a t i o n  is q u i t e  e f f e c t i v e  on hopper ca r  unloading. 

CAR LOADING 

Loading of hopper c a r s  and boxcars  i s  served by one f i l t e r  but  t h e  
hooding system i s  q u i t e  d i f f e r e n t  f o r  each. Again, s l i d e  va lves  i n  t h e  
duct  system provide a s p i r a t i o n  t o  e i t h e r  t h e  boxcar loading o r  hopper ca r  
loading,  depending on which type of car i s  t o  be loaded. Design a i r  flow 
f o r  t h e  Micro-Pul f i l t e r  i s  4,000 cfm, and c l ean  a i r  from the  f i l t e r  i s  
exhausted t o  atmosphere by t h e  blower. A schematic diagram of t h e  f i l t e r ,  
f an  and duct ing is shown i n  F igure  7 and p ic tu red  i n  F igure  8. 
loading f i l t e r  system provides  d u s t  c o n t r o l  exc lus ive ly  f o r  t h e  loading 
ope ra t ion ,  and no o t h e r  d u s t  sources  a r e  served  by t h i s  system. 

The car -  

Hooding f o r  t h e  loading ope ra t ion  i s  unique. Col lec t ion  of  d u s t  emis- 
s ions  during the  loading of hopper c a r s  i s  by means of a hood wi th  f l e x i b l e  
hoses t h a t  p e r m i t  it t o  be r a i s e d  o r  lowered, depending on the  h e i g h t  of  
t h e  hopper car .  This  hood, a s  shown i n  F igure  8 ,  i s  ad jacent  t o  t h e  gra in-  
loading spout ,  and extends about 10 f t  a long  t h e  length of the  c e n t e r  of  
t h e  hopper car  t o  capture  t h e  dus t  a s  i t  "boi l s"  up ou t  of t h e  loading door 
along t h e  top cen te r  of t h e  car .  T h i s  hood i s  only f a i r l y  e f f e c t i v e  i n  
captur ing  a l l  of t h e  d u s t  generated dur ing  hopper-car loading. Perhaps 
more a i r  flow would have provided g r e a t e r  cap ture  e f f i c i e n c y ,  but  i t  ce r -  
t a i n l y  i s  an improvement over no c o n t r o l  a t  a l l .  T h i s  s p e c i f i c  hood des ign  
i s  not  e f f e c t i v e  f o r  loading round-hole  hoppers where the  loading ho le s  a r e  
n o t  along t h e  top cen te r  of t h e  c a r .  
a t  t h i s  e l eva to r  were t h e  cen te r - load ing  type.  

However, most of t h e  hopper c a r s  loaded 

13 



14 



Y 
0 a 
rn 

M 
C 
4 
-u m 
0 
4 

I-! m 
0 x 
0 rn 

C m 
w 
-u 
C m 
I-! 
W 
u 
r( 

..-I 
Ir. 

. 

E 
W 
Y 
In 
F-. 
v) 

M 
C 
.d 
-u a 
0 
d 
C a 
Y 
a 
U 

w 
0 
In z 
m 
I-! 
M 
0 
U 
0 e 

L D  

W 
I-! 
1 
M 
.A . .  
Ir. 

15 



Mikro-Pul m 
485-820 

Mode' I 
18 Ft . 14"dia. r7 

20 Ft. 14"dia. 

Fan - 4,000 cfm 
NYB GI Fan No. 262 
15 Hp, 1760 rpm 

Roof 

Hopper Car Hood BOX Car Loading 
Trackside Hood 

Figure 7 .  Boxcar and hopper car loading.  
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Hopper car hood Boxcar-trackside housing 

Hopper car loading F i l t e r ,  fan and weigher 

Figure 8 .  Photographs of Car Loading System. 
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Col l ec t ion  of dus t  emissions dur ing  boxcar loading i s  by means of a 
t r a c k s i d e  housing w i t h  an opening t h a t  matches t h e  door of the  car  above 
t h e  g r a i n  doors,  as depic ted  i n  F igure  9. Clearance between t h i s  dus t  
c o l l e c t i o n  housing and the s i d e  of t h e  c a r  i s  about 1 f t ,  w i t h  f l a p s  ex- 
tending  ou t  from t h e  housing t h a t  h e l p  t o  minimize escape of the  d u s t  
between t h e  c a r  and housing. This arrangement does a f a i r l y  good job  of 
captur ing  t h e  d u s t  generated during loading of boxcars.  

Dust-laden a i r  from e i t h e r  t h e  t r a c k s i d e  housing (boxcars) o r  t h e  
hood above t h e  hopper 'cars  was a s p i r a t e d  up i n t o  t h e  f i l t e r  mounted on 
t h e  roof of t h e  car - loading  shed, and c l ean  a i r  from the  f i l t e r  was ex- 
hausted t o  atmosphere through t h e  blower. Dust c o l l e c t e d  by t h e  f i l t e r  
i s  discharged from t h e  d u s t  hopper through a r o t a r y  va lve  ( a i r  lock) .  The 
d u s t  weigher was mounted j u s t  below t h i s  va lve ,  and a f t e r  passing through 
t h e  weigher,  the d u s t  en te red  a chu te  that  discharged it back i n t o  t h e  c a r  
being loaded. Return of  t h e  dus t  i n t o  t h e  car w a s  r equ i r ed  by s t a t e  regu- 
l a t i o n s  because no p a r t  of  t h e  material can be removed once it has  been 
weighed f o r  loadout .  

The car - loading  f i l t e r  d id  plug up several t i m e s  dur ing  the  f i r s t  p a r t  
of  t h e  6-month tes t  per iod.  During t h e  e a r l y  p a r t  of t h i s  s tudy ,  t h e  plug- 
g ing  w a s  u s u a l l y  due t o  blockage i n  t h e  chu te  t h a t  r e t u r n s  t h e  dus t  i n t o  
t h e  car .  Modif icat ions were made in  t h i s  chu te  and t h e  problem occurred 
very seldom t h e r e a f t e r .  However, t h e  f i l ter  s t i l l  plugged on occas ions  
because of br idging  of  d u s t  j u s t  above t h e  r o t a r y  valve.  

CORN CLEANER 

The a i r - a s p i r a t e d  corn  c leaner  i s  equipped wi th  two f ans  t h a t  d i s -  
charge i n t o  a common duct  lead ing  t o  t h e  f a b r i c  f i l t e r  shown i n  Figures  
10 and 11. Design a i r  flow for t h e  f i l t e r  is 12,000 cfm, and the  c l ean  
a i r  i s  discharged d i r e c t l y  t o  t h e  atmosphere. 
f i l t e r  through a r o t a r y  va lve  ( a i r  lock) .  The dus t  weigher was mounted 
j u s t  below t h i s  valve.  
dus t  tank below. 
t r u c k s  and hauled  away. 
i s  not  re turned  t o  t h e  g r a i n  stream. 

Dust i s  discharged from t h e  

The dus t  passed through t h e  weigher and i n t o  t h e  
The dus t  i s  occas iona l ly  emptied from t h e  tank i n t o  

T h i s  i s  the only  d u s t  system i n  which t h e  d u s t  

The corn c leaning  ope ra t ion  was i n  service only i n t e r m i t t e n t l y ,  a s  
needed, and usua l ly  f o r  per iods  of 1/2 t o  2 h r  on those days when it was 
used. Some dus t  does appear t o  escape from t h e  c leaner  during ope ra t ion ,  
bu t  t h e  primary func t ion  of  t h e  a s p i r a t i o n  provided by t h e  f ans  i s  t o  a i d  
i n  c leaning  of the corn. The na ture  of t h e  d u s t  c o l l e c t e d  by the f i l t e r  
system i s  somewhat d i f f e r e n t  from the  o t h e r  systems i n  t h a t  i t  appears t o  
con ta in  more h u l l s  and c h a f f ,  e t c .  This d i f f e r e n c e  may have cont r ibu ted  
t o  pluggage of t h e  f i l t e r  due t o  br idging  above the  r o t a r y  va lve ,  which 
seemed t o  occur on more occasions i n  t h i s  f i l t e r  than any of the  o the r s .  

18 
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Between Boxcar 8 Housing 
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Figure 9. Dust con t ro l  system for boxcar loading.  
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Dust weigher F i l t e r  

Cleaner (and fans)  F i l t e r  and dust tank 

Figure 11. Photographs of Corn Cleaner System. 
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GALLERY BELT 

The term "ga l l e ry  b e l t "  i s  misleading f o r  t h i s  dus t - con t ro l  system 
because i t  i s  i n  a c t u a l i t y  only a t r a n s f e r - p o i n t  dus t - con t ro l  system. 

E i the r  of two g r a i n  chutes  discharged g r a i n  onto t h e  g a l l e r y  b e l t .  
60th of t hese  t r a n s f e r  po in t s  were hooded a s  shown i n  Figures  1 2  and 13. 
A i r  was a s p i r a t e d  from t h e  hoods through a f a n  and i n t o  t h e  f i l t e r  mounted 
on the  roof above. 
r o t a r y  va lve  i n t o  the weigher below, from which i t  dropped back through one 
of t h e  hoods onto the  g a l l e r y  b e l t  wi th  t h e  g r a i n .  

Dust c o l l e c t e d  by t h e  f i l t e r  was discharged through a 

Visual  observa t ion  of t h e  system ind ica t ed  t h a t  t h e  system was e f f e c -  
t i v e  i n  minimizing t h e  dus t  escape a t  these  t r a n s f e r  po in ts .  However, s i n c e  
t h e r e  i s  no dus t  c o n t r o l  on t h e  t r i p p e r ,  the g a l l e r y  b e l t  a r ea  becomes qbite 
dusty when t h i s  b e l t  i s  i n  se rv i ce .  

This  g a l l e r y  b e l t  system was not  i n  service a s  much as  we had expected 
during t h e  6-month test  per iod .  
were used more o f t e n ,  because t h e  new house h a s  g r e a t e r  s to rage  c a p a c i t y  
and opera t ions  seem t o  d i r e c t  most g r a i n  t o  t h a t  house. During weekends, 
g r a i n  was o f t e n  t r a n s f e r r e d  from t h e  new house t o  t h e  o l d  house; a s  a con- 
sequence, we  were not  a b l e  to observe i t  i n  ope ra t ion  nor  c a l i b r a t e  t h e  
weigher as f r equen t ly  as w e  had a n t i c i p a t e d .  

The two g a l l e r y  be l t s  i n  t h e  new house 

TUNNEL BELT 

Each of 23 g r a i n  drop-points  from t h e  o l d  house s to rage  b ins  onto  t h e  
tunnel  b e l t  are hooded and a s p i r a t e d  i n t o  a comon exhaust  manifold,  a s  
shown i n  F igure  14. Dust c o n t r o l  f o r  t h e  head pu l l ey  and No. 2 l e g  a r e  
a l s o  connected i n t o  th i s  exhaust manifold.  T h i s  manifold i s  exhausted 
through a f an  i n t o  t h e  f i l t e r  mounted on t h e  roof  above t h e  tunnel  ( s ee  
photographs, F igure  15). Dust c o l l e c t e d  by t h e  f i l t e r  is  discharged 
through a r o t a r y  valve and drops through a chu te  i n t o  t h e  weigher, from 
which it  i s  r e tu rned  i n t o  t h e  tunnel  b e l t .  

It was d i f f i c u l t  t o  a s s e s s  how e f f e c t i v e l y  t h e  hooding systems captured 

It was a l s o  d i f f i c u l t  
t h e  dus t  when t h e  tunnel  b e l t  was i n  use. However, i t  was observed t h a t  i t  
d i d  not completely e l imina te  dus t  i n  the  tunne l  a r ea .  
t o  u s e  t h e  d a t a  on t h e  amount of dus t  passing through t h e  weigher a s  repre- 
s e n t a t i v e  of t h e  q u a n t i t y  of g r a i n  t r a n s f e r r e d  by t h e  tunnel  b e l t  because 
the  a s p i r z t i o n  f o r  t h e  boot of No. 2 l eg  i s  connected i n t o  t h i s  system. 
This l e g  was i n  use a much g r e a t e r  po r t ion  of  t h e  time than the  tunnel  b e l t  
and d u s t  w 2 s  o f t e n  being c o l l e c t e d  by the  tunne l  b e l t  d u s t  c o c t r o l  system 
even though no g r a i n  was being moved on the  t c n n e l  b e l t .  

2 2  



I I Roof 

Fan (Existing) 
1400 cfm 
5 Hp, 2177 rpm 

14 Ft .  8"dia. 

I 
Belt 

Figure 12. Gal l e ry  b e l t .  
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Therefore ,  t h e  ca l cu la t ed  emissions,  based on t h e  q u a n t i t y  of g r a i n  pro- 
cessed by the tunnel  b e l t ,  a r e  misleading.  This i s  discussed i n  more 
d e t a i l  i n  a l a t e r  s e c t i o n  of the  r e p o r t .  

Pluggage of t h e  d u s t  f i l t e r ,  due t o  b r idg ing  above t h e  r o t a r y  va lve ,  
did occur a few t imes and cold weather aga in  cont r ibu ted  t o  problems with 
malfunct ion of t h e  a i r  pu l se  va lves .  It was observed a l s o  t h a t  when t h e  
f i l t e r  system was f i r s t  s t a r t e d  i n  t h e  morning, l a r g e  q u a n t i t i e s  of d u s t  
were discharged through the r o t a r y  va lve  f o r  a per iod of  about 5 min. 
This might be explained by t h e  f a c t  t h a t  when t h e  pu l se  va lves  were mal- 
func t ion ing ,  t h e  f i l t e r  bags were not  be ing  cleaned proper ly  and probably 
b u i l t  up a l a r g e  cake of dus t .  Th i s  i nc reased  t h e  pressure  drop a c r o s s  t h e  
bags up t o  10-12 in .  H20 ,  r a t h e r  t han  t h e  normal 4 i n .  H20. When t h e  f an  
system was s h u t  down a t  n i g h t ,  p a r t  of t h e  d u s t  l aye r  on the  bag was prob- 
ab ly  r e l e a s e d  and f e l l  i n t o  t h e  hopper below. Upon s t a r t u p  t h e  nex t  
morning, t h e  r o t a r y  va lve  emptied t h i s  dus t  ou t  of t h e  hopper a t  t h e  maximum 
r a t e  t h a t  t h e  va lve  was capable  of handl ing  u n t i l  t h e  hopper was emptied. 
The r ap id  r o t a t i o n  of t h e  weigher,  which was not  designed t o  handle  t h i s  
h i g h  r a t e  of  dus t  d i scharge ,  c e r t a i n l y  a f f e c t e d  i t s  accuracy. However, such 
opera t ion  d i d  not  l a s t  long. 

HEADIiOUSE 

Dust c o n t r o l  f o r  the  headhouse w a s  achieved by a common exhaust  mani- 
fold connected t o  s e v e r a l  d u s t  sources  c o n s i s t i n g  p r imar i ly  of t h e  top  of 
each of  the fou r  l egs  and t h e i r  g r a i n  d i scha rge  chutes  and the  two garner  
and weigh tank  systems. A schematic diagram of t h i s  d u s t  c o n t r o l  system 
is  shown i n  F igure  16 and i s  p i c tu red  in Figure  17. The exhaust manifold 
was ducted t o  t h e  f i l t e r  l oca t ed  on the roof, and c l e a r  a i r  from t h e  f i l t e r  
was  exhausted t o  atmosphere through the  blower. D u s t  c o l l e c t e d  by t h e  
f i l t e r  dropped i n t o  a screw conveyor a long  t h e  bottom of the hopper below 
the f i l t e q w h i c h  then discharged the d u s t  i n t o  a r o t a r y  valve ( a i r  lock) .  
Af te r  being discharged from the va lve ,  the d u s t  f e l l  down a chute  i n t o  
the  weigher,  which then discharged i t  i n t o  a chute  t h a t  re turned  t h e  d u s t  
i n t o  e i t h e r  of the  two garner  b ins .  

In every ope ra t ion  c a r r i e d  o u t  by the e l e v a t o r ,  the  g r a i n  m u s t  pass  
through t h e  headhouse by means of one of the f o u r  legs, and two l e g s  a r e  
o f t e n  i n  s e r v i c e  a t  t h e  same time. As  a r e s u l t ,  the  d u s t  system i n  the  
headhouse i s  c o l l e c t i n g  d u s t  a lmost  cont inuous ly  and, a s  our  da t a  shows, 
t h i s  system c o l l e c t s  more d u s t  over  any weekly period than a l l  s i x  of the  
o the r  d u s t  c o n t r o l  systems combined. This doe:. no t  mean t h a t  the  c a l -  
cu la ted  emission f a c t o r s  a r e  h ighe r  f o r  t h i s  source ;  i t  only r e f l e c t s  the  
f a c t  t h a t  a l l  of the  g r a i n  must be processed through t h e  headhouse f o r  
any opera t ion  and i t  i s  t h e r e f o r e  i n  s e r v i c e  almost cont inuously.  





Dust col lect ion manifold and weigher 

Manifold and weigher 

F i l t e r  and fan 

Dus t weigher 

Figure 17. Photographs of Headhouse System. 
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The headhouse dust  con t ro l  system does appear t o  be very e f f e c t i v e  i n  
c o n t r o l l i n g  emissions from t h e  s eve ra l  sources  t h a t  i t  serves .  On those 
occasions when t h i s  system was out of s e r v i c e ,  t h e  headhouse a rea  r a p i d l y  
became q u i t e  dusty.  

The only problem experienced i n  the  headhouse dus t  con t ro l  system was 
shutdowns i n  t h e  earlier p a r t  of  t h e  program r e s u l t i n g  from pluggage of 
dus t  i n  t h e  discharge l i n e  between t h e  r o t a r y  valve and t h e  dus t  weigher. 
These were caused by the  dus t  weigher due t o  a mechanical problem t h a t  
i n t e r m i t t e n t l y  prevented proper opera t ion  of t h e  weigher mechanism. This  
was cor rec ted  a f t e r  the  cause of t h e  problem was  loca ted ,  and t h e  system 
operated very w e l l  t he rea f t e r .  
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DESCRIPTION OF DUST WEIGHERS 

The i n t e n t  of t h i s  program w a s  t o  cont inuously measure the  weight of 
d u s t  c o l l e c t e d  by seven f i l t e r  systems on a weekly b a s i s  f o r  a per iod of 
6 months. That d a t a ,  a long with an assessment of the  q u a n t i t y  of g r a i n  
processed by each of t he  systems, would permit us t o  c a l c u l a t e  emission 
f a c t o r s  f o r  each ope ra t ion  over t h e  long  term and provide much more 
accura te  information on the  p o t e n t i a l  d u s t  emissions.  

Continuous, long-term weighing of t h e  d u s t  c o l l e c t e d  by each f i l t e r  
system was an unusual,  bu t  very important  p a r t  of t he  proposed s tudy.  Be- 
cause i t  w a s  imprac t i ca l  t o  use normal s t a c k  sampling procedures t o  ob- 
t a i n  continuous long-term measurement of the  emissions from s e v e r a l  dus t -  
c o n t r o l  systems, s u i t a b l e  means had t o  be found f o r  continuous weighing 
of the  dus t  discharged from each f i l t e r  system. M R I ,  i n  i n v e s t i g a t i n g  
t h i s  problem, had considered s e v e r a l  weighing methods inc luding  automatic 
s c a l e s ,  weigh b e l t s ,  e l e c t r o n i c  meter ing dev ices ,  mechanical weighers ,  
and o the r s .  

WEIGHER S ELE C I I O N  

Weighers t o  be used were sub jec t  t o  s e v e r a l  r e s t r i c t i o n s  imposed by 
t h e  requirements of t h i s  t a s k  and t h e  manner in  which they were to be used. 
Most important of course,  was t h a t  they be capable  of handling t h e  dus t  a t  
t h e  r a t e  a t  which it was discharged from t h e  f i l t e r s  wi thout  becoming over-  
loaded. 
v a r i a b l e  r a t e s  because t h e  flow o f t e n  v a r i e d  over a wide range. 
a l s o  be ab le  t o  t o l e r a t e  impact o f  t h e  d u s t  because the  d u s t  f l o w  p u l s a t e s ,  
corresponding t o  i t s  r e l e a s e  from each vane of t he  r o t a r y  va lve  a t  t h e  
bottom of each f i l t e r .  A f t e r  r e l e a s e ,  each "clump" of dus t  f a l l s  a d i s t a n c e  
of 1-10 f t  before  en te r ing  t h e  weigher,  which causes some impact force .  

This a l s o  meant t h a t  they must be a b l e  t o  weigh t h e  d u s t ,  a t  
They m u s t  
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Other f a c t o r s  considered i n  our  eva lua t ion  of the weighers were a s  
fol lows : 

1. Capi t a l  cos t .  

2 .  The q u a n t i t y  of dus t  he ld  i n  t h e  weighers during each weighing 
should not  exceed 5 lb .  Minimal holdup w a s  d e s i r a b l e  t o  minimize t h e  
- F F - - +  ch-c +hi- --..1,4 Le--- ..--- -..c ..-- i-- rL- A_--- -- 
_ L C _ _ _  _..I_ ...._- .."-A- ..-I& Yr".. L C L Y L . l . L L . 6  L L L S  U U J C  LV ::,e gi-aln stream. 

3 .  Design of t h e  weighers should be such t h a t  they would not  tend 
t o  p l u g  o r  cause br idging  of t h e  d u s t  i n  t h e  chutes  lead ing  t o  o r  from 
t h e  weigher. 

4 .  

5. They m u s t  be  designed so t h a t  p e r i o d i c  c a l i b r a t i o n s  could be 

They must have an e a s i l y  a d j u s t a b l e  weighing range. 

c a r r i e d  out .  

6. Space requirements  should be minimal, e s p e c i a l l y  v e r t i c a l  he igh t ,  
because of t h e  r e s t r i c t e d  space a t  s e v e r a l  of t h e  l o c a t i o n s  where they 
were t o  b e  i n s t a l l e d .  

7 .  It was d e s i r a b l e  t h a t  they ope ra t e  mechanical ly ,  without  r e q u i r i n g  
electrical or compressed a i r  supply. 

Af te r  i n v e s t i g a t i o n  o f  s eve ra l  dev ices  w e  s e l e c t e d  t h e  one which most 
c l o s e l y  s a t i s f i e d  a l l  of the above requirements ,  and EPA accepted t h i s  
s e l ec t ion .  The weigher s e l ec t ed  was t h e  Holm Model GF weighing mechanism 
suppl ied by t h e  Howe Richardson Company o f  Kansas City.  

WEIGHER MECHANISM 

The Holm scale mechanism i s  i l l u s t r a t e d  i n  Figure 18 and p i c tu red  i n  
F igure  19. It cons i s t ed  of  a three-compartment revolv ing  weigh hopper 
mounted on one end of  a weighing beam wi th  a counterweight on the oppos i te  
end of t h e  beam. 
was a s top-pin t h a t  c o n t r o l l e d  t h e  p o s i t i o n  of each compartment and which 
a l s o  ac tua ted  a mechanical counter.  

On t h e  s i d e  of each of  t h e  t h r e e  weighing compartments 

Dust f i rs t  f e l l  i n t o  t h e  upper Compartment, thereby inc reas ing  the  
weight u n t i l  it was s u f f i c i e n t  t o  overcome t h a t  of t h e  counterweight.  
When t h i s  occurred,  t h e  weigh beam t i l t e d  a small  amount, thereby r e l e a s i n g  
t h e  s top-pin.  
caused it  t o  r o t a t e  downward and t h e  dus t  f e l l  ou t  of  t h e  compartment. 
A s  soon as  t h e  d u s t  f e l l  ou t  of t h i s  compartment t h e  weigh beam t i l t e d  

Weight of m a t e r i a l  i n  t h e  (dus t )  hopper compartment then 
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back i n t o  i t s  o r i g i n a l  p o s i t i o n  and t h e  p a r t i a l  r e v o l u t i o n  of t h e  hopper 
caused the s top-p in  of t h e  nex t  empty compartment t o  con tac t  t h e  l a t c h i n g  
mechanism, au tomat i ca l ly  p o s i t i o n i n g  t h e  empty compartment s o  t h a t  i t  was 
ready t o  r e c e i v e  more dus t .  

Each time a compartment r o t a t e d ,  one count was recorded by t h e  mechan- 
i c a l  counter .  Therefore ,  i n  order  t o  determine t h e  weight of  dus t  cor re-  
sponding t o  one or more "counts" it was necessary t o  c a l i b r a t e  t h e  weighers 
a s  descr ibed l a t e r  i n  t h i s  s e c t i o n  of t h e  r e p o r t .  B a s i c a l l y ,  however, t h e  
c a l i b r a t i o n  was c a r r i e d  out  by c o l l e c t i n g  and weighing t h e  d u s t  d ischarged 
by t h e  weigher each time t h e  revolv ing  hopper changed p o s i t i o n  ( i . e . ,  one 
count) .  
dus t  discharged f o r  each count was c a l c u l a t e d  and used a s  the  c a l i b r a t i o n  
f a c t o r  expressed i n  "pounds per count ." 

This  w a s  then repea ted  several times and t h e  average weight of 

Each weigher was enclosed i n  a shee t  meta l .hous ing  t h a t  was open a t  
t h e  bottom. Access doors were provided f o r  reading  t h e  counter and f o r  
changing the  p o s i t i o n  of t h e  a d j u s t a b l e  counterweight.  
door ,  below t h e  revolv ing  hopper,  was provided so t h a t  a drawer could be 
i n s e r t e d  t o  c o l l e c t  d u s t  discharged from t h e  weigher. T h i s  was used t o  
ca r ry  out  t h e  c a l i b r a t i o n  procedure mentioned above. 

Another access  

Dust en tered  t h e  weighers a t  t h e  top ,  in most cases  through a 6-8 in .  
diameter pipe.  I n s i d e  t h e  t o p  of t h e  weigher a tapered  nozzle d i r e c t e d  
t h e  dus t  i n t o  t h e  compartment o f  t h e  revolv ing  weigh hopper. 
was designed t o  d i r e c t  t h e  dus t  i n t o  t h e  revolv ing  hopper s o  t h a t  none could 
bypass t h e  hopper. The nozz les  w e r e  modified somewhat during t h e  program 
t o  ad jus t  t h e  d i r e c t i o n  of t h e  d u s t  as i t  f e l l  i n t o  t h e  hopper compartment. 
This  was necessary because,  when d u s t  f e l l  d i r e c t l y  i n t o  t h e  center  of t h e  
hopper t h e  weight would b u i l d  up u n t i l  i t  t i l t e d  t h e  weigh beam, r e l e a s i n g  
t h e  hopper s top -p in ,  bu t  t h e  hopper would not  r o t a t e .  Therefore ,  i f  t h e  
d u s t  were made t o  f a l l  more toward t h e  o u t s i d e  of t h e  hopper compartment, 
r a t h e r  than i n  t h e  c e n t e r ,  t h e  weight  of  dus t  d id  provide t h e  impetus f o r  
causing t h e  hopper t o  r o t a t e .  

WEIGHER OPERATION 

The nozzle  

Throughout t h e  course of t h i s  s tudy ,  t h e  weigher 's  performance was 
s a t i s f a c t o r y  but  t h e r e  were a few problems. 
problems r e s u l t e d  from t h e  f l u c t u a t i o n s  i n  dus t  flow from t h e  f i l t e r s .  
The quan t i ty  o f  d u s t  discharged by t h e  f i l t e r s  v a r i e s  depending on how 

For the most p a r t ,  t hese  



much dus t  i s  being generated by t h e  source.  A s  the  dus t  r a t e  i n c r e a s e s ,  
the  amount of d u s t  dropped from each vane of t h e  r o t a r y  valve below the  
f i l t e r s  a l s o  inc reases .  Accordingly,  t h e  amount of d u s t  e n t e r i n g  t h e  
weigh hopper inc reases .  Therefore ,  the  f low of d u s t  w a s  noncontinuous; 
and the  dus t  f e l l  i n  loose clumps t h a t  v a r i e d  i n  amount depending on the  
emission source.  The e f f e c t  of t h i s  on the  weighers was t h a t  the  weight  
of d u s t  discharged from the  weigher f o r  each count would vary. For t h i s  

i n  
order  t o  o b t a i n  good average c a l i b r a t i o n  f a c t o r s  (pounds per  count ) .  
---"-- L L . L L I V L L  i t  vas ~ e c e s s z r y  t~ r r k i  d u s i  wcighings f o r  s e v e r a i  counts 

Another e f f e c t  of  the  v a r i a t i o n s  i n  d u s t  flow was the impact of  t h e  
d u s t  as it entered  the weighers. As the d u s t  f low r a t e  i nc reased ,  t h e  
impact as i t  f e l l  i n t o  t h e  weigh hopper was  g r e a t e r  and tended t o  cause  
the  weigh hopper t o  r o t a t e  prematurely.  Also, t h i s  sometimes caused t h e  
hopper t o  r o t a t e  a second o r  t h i r d  time be fo re  the s top-p in  could proper ly  
contac t  t h e  l a t c h i n g  mechanism. 

Although t h e  p u l s a t i n g  dus t  f low and v a r i a b i l i t y  of d u s t  f low r a t e  d id  
tend t o  a f f e c t  t h e  ope ra t ion  of the weighers,  t h e  problems were n o t  s e r ious  
because they were, for the most p a r t ,  taken i n t o  account by the c a l i b r a t i o n  
procedures,  as discussed i n  the  n e x t  s ec t ion .  

WEIGHER CALIBRATION AND ACCURACY 

During t h e  course of t h e  s tudy  our goa l  was t o  c a l i b r a t e  a l l  weighers 
a t  least once a month. We were n o t  a b l e  t o  accomplish t h i s  on every  
weigher because of problems wi th  t h e  f i l ters and because some opera t ions  
were seldom i n  use  dur ing  our t r i p s  t o  the e l e v a t o r  one day each week. 

As  mentioned e a r l i e r ,  the  c a l i b r a t i o n  procedure cons i s t ed  of c o l l e c t -  

This weight was recorded,  along wi th  the number of 
i ng  t h e  dus t  discharged by t h e  weigher,  which w a s  then manually weighed 
with a po r t ab le  sca l e .  
counts r e g i s t e r e d  while the d u s t  w a s  be ing  c o l l e c t e d .  
s e v e r a l  times and t h e  t o t a l  weight of d u s t  c o l l e c t e d ,  divided by 
number of counts ,  y ie lded  the  c a l i b r a t i o n  f a c t o r  expressed as "pounds per  
count." 
1-5 l b  and the a s soc ia t ed  number of counts was on t h e  o rde r  of 1-4 depending 
on the  dus t  source and the  s e t t i n g  on the a d j u s t a b l e  counterweight.  
ings were repeated from 10-30 times f o r  each ca l ib ra t ion ,based  on t h e  time 
a v a i l a b l e  o r  the length  of time the source  w a s  i n  operat ion.  

This w a s  r epea ted  
t h e  t o t a l  

The amount of d u s t  c o l l e c t e d  f o r  each manual weighing ranged from 

Weigh- 

During the  course of the  p r o j e c t  i t  w a s  sometimes necessary 
t o  change the s e t t i n g  on the  a d j u s t a b l e  Counterweight or  t o  modify t h e  
pos i t i on  of the  dus t  i n l e t  chute i n  order  t o  improve the opera t ion  of the 
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weigher o r  t o  prevent  d u s t  pluggage problems. Such changes n e c e s s i t a t e d  
r e c a l i b r a t i o n  of t h e  weigher and changed t h e  Ca l ib ra t ion  f a c t o r .  Resu l t s  
of t h e  weigher c a l i b r a t i o n s  a r e  g iven  i n  Appendix A .  These r e s u l t s  a r e  
important because they are t h e  b a s i s  on which a l l  t h e  emissions and emis- 
s ion  f a c t o r s  w e r e  ca l cu la t ed .  Examination of t h e  c a l i b r a t i o n  f a c t o r s  
given i n  Appendix A shows t h a t  t h e r e  i s  more v a r i a b i l i t y  i n  the  f a c t o r s ,  
a t  a g iven  counterweight s e t t i n g ,  t han  was expected. These v a r i a t i o n s  
a r e  d iscussed  below f o r  each i n d i v i d u a l  weigher.  

Truck Unloading 

The f i v e  c a l i b r a t i o n  f a c t o r s  f o r  t r u c k  unloading ranged from 0.566- 
1 .028  lb/count .  I d e a l l y ,  one would a n t i c i p a t e  t h a t  each f a c t o r  would b e  
t h e  same and t h a t  any v a r i a t i o n s  would be i n d i c a t i v e  of t h e i r  accuracy. 
On t h i s  b a s i s ,  the average f a c t o r  would be 0 . 7 2 0  with a dev ia t ion  of 
0 . 3 2 0  (k 45%).  However, t h e  l a s t  fou r  f a c t o r s  show t h a t  each f a c t o r  i s  
l a r g e r  than t h e  preceding one. The reason  f o r  t h i s  i s  not  known but  might 
have been due  t o  bui ldup of dus t  on the weigher p ivot  po in t s  or  a r e s u l t  
of wear on some components of t h e  weigher. We t he re fo re  tend t o  be l i eve  
t h a t  any e r r o r  i n  accuracy i s  not  n e a r l y  as l a r g e  as t h e  computed average 
might i n d i c a t e  because emissions were always ca l cu la t ed  on t h e  b a s i s  of 
t h e  most cu r ren t  c a l i b r a t i o n  f a c t o r .  

Car Unloading 

C a l i b r a t i o n  f a c t o r s  f o r  car  unloading,  a t  t h e  counterweight s e t t i n g  
of Mark 2 ,  ranged from 1.51-1.65 i f  t h e  f i r s t  f a c t o r  of 3.11 was neglec ted .  
We b e l i e v e  t h i s  i s  j u s t i f i e d  because bui ldup  of dus t  i n  t h e  weigher housing 
a t  t h a t  t ime almost c e r t a i n l y  r e t a r d e d  proper  opera t ion  of the  weighing 
mechanism. 
and w e ,  t h e r e f o r e ,  conclude t h a t  t h e  f a c t o r s  f o r  t h i s  weigher a r e  accu ra t e  
t o  wi th in  5 10%. 

The last  two f a c t o r s  of 0.98 and 1.03 a r e  i n  c l o s e  agreement, 

Car Loading 

C a l i b r a t i o n  f a c t o r s  f o r  car  l oad ing  ranged from 1 . 4 4 - 1 . 6 5 ,  aga in  
e l h i n a t i n g  t h e  f i r s t  f a c t o r  of 2 . 3 2  because of  d u s t  b u i l d - u p  problems i n  
t h e  weigher housing. 
f 10%. 

On t h i s  b a s i s  t h e  average would be 1 .51  5 0.14 or  

37 



Corn Cleaner 

Four c a l i b r a t i o n  f a c t o r s  f o r  t h e  c l e a n e r  var ied  from 0.75-1.15 lb / ton ,  
although the  value of 1.15 may be h igh  because of d u s t  bui ldup i n  the  
weighers.  Some e r r o r  may be  included i n  these  f a c t o r s  because of t h e  d i f -  
f i c u l t y  i n  prevent ing wind lo s s  of some of the  c o l l e c t e d  dus t  dur ing  
c a l i b r a t i o n  procedures and the  l i m i t a t i o n  on the  number of weighings t h a t  
could be made because of t h e  s h o r t  per iods  of t i m e  t h a t  the  c l eane r  was i n  
opera t ion .  Even so,  the  d a t a  i n d i c a t e s  a maximum e r r o r  i n  accuracy on the  
o rde r  of 25%,which i s  cons iderably  less than t h e  v a r i a t i o n  i n  the  c a l c u l a t e d  
emission f a c t o r s  f o r  t h i s  source.  

Ga l l e ry  B e l t  

Because the  g a l l e r y  b e l t  was seldom i n  ope ra t ion  dur ing  our  t r i p s  t o  
the e l e v a t o r ,  we were a b l e  t o  ob ta in  only two c a l i b r a t i o n  f a c t o r s ,  both 
of which were i d e n t i c a l :  0.562 lb /count .  

Tunnel Be l t  

Eight  c a l i b r a t i o n  f a c t o r s  were obtained and ranged from 0.58-1.30 l b / t o n .  
The average of these  is 0.93 * 0.37 i n d i c a t i n g  a r a t h e r  poor accuracy of 
-f 40%. The reason f o r  t h i s  is n o t  known and would be of more concern 
w e r e  i t  n o t  f o r  the f a c t  that  the arrangement of the dus t  con t ro l  system 
on t h i s  source caused much l a r g e r  v a r i a t i o n s  i n  the ca l cu la t ed  emission 
f a c t o r s .  

Headhouse 

C a l i b r a t i o n  f a c t o r s  f o r  t h e  headhouse weigher ranged from 0.79-1.69 ( a t  
Mark 3 ) .  However, the  last  three f a c t o r s  are lower than preceding ones 
as a r e s u l t  of a requi red  change i n  the  p o s i t i o n  of the  d e f l e c t o r  p l a t e  
which con t ro l s  t h e  d i r e c t i o n  of t h e  d u s t  f a l l i n g  i n t o  the  weigh hopper. 
Because of t h e  comparatively l a rge  flow rate of d u s t  handled by t h i s  
weigher,  the  p o s i t i o n  of t h i s  d e f l e c t o r  p l a t e  does a f f e c t  the  c a l i b r a t i o n  
f a c t o r .  Comparison of the  e r r o r  i n  t h e  f i r s t  fou r  f a c t o r s  (? 15%) w i t h  
t h a t  of the  l a s t  t h r e e  f a c t o r s  (? 11%) leads us t o  b e l i e v e  t h a t  the re-  
s u l t s  a r e  accu ra t e  t o  w i t h i n  less than ? 15%. 
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RESULTS 

One of the primary purposes of this study was determination of long- 
term (weekly) emission factors for each of seven grain-handling operations 
within the terminal elevator. Another primary purpose was an assessment 
of the total potential emissions and the relative significance of each 
operation to this total. A secondary objective.was evaluation of the effect 
of grain type on the emissions, as well as possible effect of moisture con- 
tent, FM, etc., on the emissions. The presentation of results is organized 
as follows: 

Long-term emission factors 

Analysis of experimental results 
Comparison of results 
Effect of grain types (statistical) 

Short-term emission factors 

Average short-term emission factors 
Effect of grain type 
Effect of H20, FM, etc. 

Total emissions 

Cumulative emission factors 
Daily 
Hourly 

LONG-TERM EMISSION FACTORS 

Probably the most impor results c t study were the long- 
term composite emission factors determined over the 6-month period of 
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t h i s  p r o j e c t  f o r  each of t h e  seven gra in-handl ing  opera t ions .  
average va lue  of the  long-term composite emission f a c t o r  f o r  each of  the  
s e v e n s o u r c e s i s  p r e s e n t e d i n T a b l e 1 .  These a r e  based on the a c t u a l  weekly 
emission f a c t o r s  shown i n  Table 2.  Analysis  of these a c t u a l  weekly emis- 
s i o n  f a c t o r s  t o  determine t h e  b e s t  average va lues  i s  presented i n  the  next  
s e c t i o n  of t h i s  r e p o r t .  The d a t a  used t o  c a l c u l a t e  the  a c t u a l  weekly emis- 
s i o n  f a c t o r s ,  i nc lud ing  q u a n t i t y  of d u s t  c o l l e c t e d  and t h e  amount of each 
type of g r a i n  handled, a r e  contained i n  Appendix B. 

The b e s t  

The d a t a  used i n  computing t h e  emission f a c t o r s  were obtained dur ing  
our t r i p s  t o  the  e l e v a t o r  one time each week. On those weekly v i s i t s  we 
recorded t h e  "count" reading  as  shown on t h e  mechanical counter  a t t ached  
t o  each weigher. 
f a c t o r  (pounds pe r  count)  gave the  weight of  dus t  c o l l e c t e d  by each f i l -  
ter system dur ing  t h a t  week. 

This reading  (counts )  m u l t i p l i e d  by t h e  l a t e s t  c a l i b r a t i o n  

W e  then  obtained the information from the e l e v a t o r  opera t ing  records  
t h a t  showed the amount of each type of g r a i n  handled by each of t h e  
r e spec t ive  grain-handl ing ope ra t ions  and i t s  assoc ia ted  d u s t - f i l t e r  sys- 
t e m .  Thus, t h e  weight of  d u s t  (pounds) d iv ided  by the t o t a l  weight of 
g r a i n  processed ( tons )  y i e lded  the  emission f a c t o r  (pounds pe r  ton) .  Most 
of t h e  systems handled more than one type of g ra in  dur ing  each week, so  
the  f a c t o r s  a r e  composite emission f a c t o r s  f o r  a l l  types of g ra ins  handled. 
A s  such, they may r e f l e c t  t h e  f a c t  t h a t  one type of g r a i n  may e m i t  more 
d u s t  than another  type.  This matter is d iscussed  more f u l l y  i n  a l a t e r  
s e c t i o n  of t h i s  r epor t .  

Even though t h e  f a c t o r s  shown i n  Table 1 a r e  composite f a c t o r s ,  they 
a r e  based on long-term d a t a  t h a t  we be l i eve  a r e  more accura t e  than any 

s i d e .  That i s ,  we  t h ink  t h a t  the  c a l c u l a t e d  f a c t o r s  would tend t o  be 
lower than t h e  a c t u a l  emission f a c t o r  ( i f  i t  could be  determined) ,  f o r  
two reasons.  

' t h a t  havebeen obtained t o  da t e .  Any inaccurac i e s  a r e  p r imar i ly  on the  low 

1. The c a l c u l a t e d  emission f a c t o r s  are based on the  dus t  c o l l e c t e d  
by the f i l t e r  system, s o  they w i l l  n o t  i nc lude  dus t  t h a t  may have escaped 
capture  by the  a s p i r a t i o n  systems or hoods. 

2 .  Most malfunct ions i n  the  f i l t e r s  o r  the weighers (e.g., plugups,  
e t c . )  would decrease  t h e  q u a n t i t y  of d u s t  weighed and, t h e r e f o r e ,  decrease  
t h e  ca l cu la t ed  emission f a c t o r .  
s p e c i a l  case  i s  the  tunne l -be l t  system. The tunnel  b e l t  d u s t - c o l l e c t o r  

This i s  t r u e  f o r  a l l  systems, bu t  a 
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Table 2 ,  SUWUF3 OF VTEKLY mWOSIa MISSION FACTORS r ~ n  Pg g~.ln 
Of d"'9 

R u c k  C.& C.& COI" C.ll.ryY Tu""&/ 
w Unlo.dinl l&&&pJ !&&&& Cla.nci - 9 L L L - B L L L  

7/9/73 0.547 0.310 0.263 F i l t e r  pluii*d 0.034 Not c.1- 0.801 
ru1af.d 

7 I l S i 7 3  0.678 0.440 0.174 12.95 0.032 2 .BO 1.349 

7/23/73 0.656 0.437 0.230 4.10 0.035 2.80 1.425 

7/30/73 0.602 0.363 0.136 7.42 0.126 3.75 1.188 

8/6/73 0.554 0.284 0.185 5.b8 0.059 1.89 1.000 

8/13/73 0.556 1.63 0.173 F i l t e r  plugged 0.110 8.18 0.930 

8/20/73 0.597 0.922 0.184 F i l t e r  plugged 0.152 1.09 D u s t  c o l l e c r o r  
DO/ operaring 

8/27/73 0.567 O W L  C O ~ I L E T O I  0.213 F i l t e r  plugged 0.088 1.76 oust c o l l e c r ~ r  
"DL Oper.Ling nor operaring 

nat oper.tin* nor 'peratin8 
9/L/73 0.826 D U . ~  c o l l c c r o r  0.245 Not used 0.010 2.08 D".f cDll..~or 

9 I 10173 0.662 1.89 0.320 2.76 Nor used Not c.1- I .  653 
cu lared  

9/17/73 0.471 1 .44 0.379 6.96 0.052 4.26 3.019 

9/24/73 0.835 1.94 0.368 8.82 0.100 11.49 1.903 

10/1/73 0.541 1.01 0.282 4.47 0.081 3.80 1.464 

iOI7 and 
10/15/71 

10122173 

10/?9/73 

11/5/73 

11/12/73 

11/19/73 

11/26/73 

12/3/73 

12/10/73 

0.2h9 

0.607 

0.883 

0.771 

0.625 

0.564 

0.829 

0.638 

0 .8Y 

0.983 0.271 

0.925 0.201 

Dust c o l l e c r s r  0.291 
not opsra i ing  

d/  0.110 

- d /  0.318 

0.715 0.357 

$1 0.400 

1.60 0.285 

4.51 0.479 

5.07 

4.41 

6.40 

4.93 

2.35 

f /  

8.13 

4.01 

_ _  

0,030 

0.018 

0.093 

0.085 

0.099 

0.145 

0.w4 

0.361 

0.164 

8.w 

8.37 

2.21 

h/ 

4.03 

1.83 

2.18 

1.43 

4.96 

1.678 

1.h69 

0.981 

1.602 

1.410 

1.5W 

1.939 

2.748 

3.777 

12/17/73 t* 0.395 3.80 0.723 1.79 0.337 15.1 3.514 
12/21/73 

12/21/73 I O  1.26 2.76 0.158 5.11 0.239 ' 1.81 5.067 
12/28/73 



s y s t e m  i s  connected t o  the g r a i n  drop hoods and t o  one of  t h e  l egs .  
l e g  i s  used  t o  t r a n s f e r  g r a i n  ( i . e . ,  t ruck  un1oading);which occurs  much 
more f r equen t ly  than movement of g r a i n  on the  tunnel  b e l t .  Therefore ,  t h e  
d u s t - c o l l e c t o r  system was o f t e n  d ischarg ing  dus t  even though no g r a i n  was 
being moved on t h e  tunne l  b e l t .  A s  a r e s u l t ,  t h e  computed emission f a c t o r  
(pounds o f  dus t  per ton of g ra in )  i s  not  r e p r e s e n t a t i v e  of  t h e  amount of  
dus t  generated per ton of g r a i n  moved by t h e  tunnel  b e l t .  Analysis  of t h e  
emission f a c t o r s  computed f o r  t h i s  source  a s  w e l l  a s  each of t h e  o t h e r  
sources  is  discussed below. 

This  

Analvsis of Experimental  Resu l t s  

Truck Unloading - Weekly emission f a c t o r s  f o r  t ruck  unloading are shown i n  
Table 2 (column 2 ) .  These f a c t o r s  vary  from 0.249 l b / t o n  t o  1.26 l b / t o n  
and the  average i s  0.640 l b / ton .  

The range of computed emission f a c t o r s  f o r  t ruck  unloading (0.249- 
1.26 lb / ton )  shows more v a r i a t i o n  than  might have been expected.  
maximum e r r o r  i n  t h e  weigher c a l i b r a t i o n  f a c t o r ,  2 45% as previous ly  d i s -  
cussed, could account f o r  much of  this  v a r i a t i o n ,  b u t  t h e  a c t u a l  c a l i b r a -  
t i o n  e r r o r  i s  n o t  be l ieved  t o  be that  l a rge .  Var ia t ion  i n  the  emission 
f a c t o r s  could a l s o  be due t o  t h e  suspec ted  v a r i a t i o n  i n  t h e  emission f a c t o r  
f o r  each type of g r a i n ;  b u t  s t a t i s t i c a l  a n a l y s i s  of the  d a t a  as d iscussed  
i n  another  s e c t i o n  of this  r e p o r t  does n o t  support  t h a t  argument. There- 
f o r e ,  the range of the  c a l c u l a t e d  emission f a c t o r s  must be  due e i t h e r  t o  
some unknown v a r i a b i l i t y  i n  the  d u s t  c o n t r o l  system o r  weigher mechanism, 
o r  t o  n a t u r a l  v a r i a t i o n  i n  t h e  amount of d u s t  emit ted i n  t ruck  unloading 
of gra in .  The l a t t e r  reason i s  more p l aus ib l e .  

Car Unloading - The emission f a c t o r s  for car unloading a s  shown in column 
3 of Table 2 vary  from 0.284 l b / t o n  up t o  3.80 l b / ton  and the  average i s  
1.49 lb / ton .  This range i s  q u i t e  l a r g e  and c e r t a i n l y  i s  n o t  due t o  e r r o r  
i n  the  c a l i b r a t i o n  f a c t o r  (* lo%), n o r  can i t  be a t t r i b u t e d  t o  d i f f e r e n t  
types of g r a i n  or v a r i a t i o n s  t h a t  occur  between unloading boxcars and 
hopper c a r s ,  as discussed i n  a later s e c t i o n  of the r e p o r t .  

The 

Examination of the  emission f a c t o r s  f o r  c a r  unloading i n  Table  2 
b r ings  out two f a c t s  r e l a t i v e  t o  t h e  range of t h e  da ta .  F i r s t ,  the  c a l -  
cu la ted  emission f a c t o r s  were lowest  i n  t h e  f i r s t  5 weeks, and s i g n i f i c a n t l y  
h igher  a f t e r  t h a t  per iod.  Second, t h e  f a c t o r s  f o r  t h e  l as t  4 weeks were 
h igher  than any previous f a c t o r s .  Such changes a re  n o t  random, and must 
have been due t o  the  weighers o r  t h e  dus t  c o n t r o l  system. 



During t h e  e a r l y  weeks of the  s tudy  t h e r e  were some p rob lem with the  
weigher i n s t a l l a t i o n  and related pluggages of the  dus t  system. During 
t h a t  per iod ,  t h e  weigher l o c a t i o n  was changed because the  angle of d u s t  
f a l l  i n t o  the  weigher was oppos i te  t o  the  weigher ' s  d i r e c t i o n  of  r o t a t i o n .  
This tended t o  h inde r  r o t a t i o n ,  sometimes r e s u l t i n g  i n  plugging of the  
d u s t  chu te  l ead ing  i n t o  t h e  weigher. A t  the time, observa t ion  of weigher 
ope ra t ion  d id  n o t  i n d i c a t e  t h a t  t h i s  was a s e r i o u s  problem, but  t h e  
weigher l o c a t i o n  was  changed dur ing  the week of 7 / 2 3 ,  which is  n o t  
c o i n c i d e n t a l  w i th  t h e  inc rease  i n  emission f a c t o r s  a f t e r  the  f i f t h  week, 
bu t  does c r e a t e  some doubt about the f i r s t  3 weeks of da t a .  

Inc rease  i n  t h e  emission f a c t o r s  f o r  t h e  l a s t  4 weeks i s  bel ieved 
t o  have been due t o  t h e  colder  weather ,  which caused malfunct ion of the  
pulse  va lve-c leaning  mechanism a s  d iscussed  e a r l i e r .  It was observed 
t h a t  dur ing  t h i s  per iod t h e  c l ean ing-a i r  t ank-pressure  was o f t e n  down 
t o  zero ,  which would r e s u l t  i n  poor c l ean ing  o f  the  bags (as  confirmed 
by an observed h igh-pressure  drop ac ross  t h e  bags) .  It i s  suspected t h a t  
when th i s  cond i t ion  occurs ,  l a r g e  amounts of dus t  f a l l  o f f  t h e  bags a f t e r  
t h e  system has  been shut  o f f .  When t h e  system i s  turned back on, t h i s  
d u s t  would be discharged r a p i d l y  through t h e  r o t a r y  valve i n t o  t h e  weigher. 
We did  observe t h a t  when t h e  dus t  system was turned on, l a rge  amounts of 
dus t  were suddenly discharged through t h e  dus t  chute 2nd weigher, causing 
r ap id  r o t a t i o n  of  t h e  weigher. This  p reven t s  proper " la tching" of t h e  
weigher,  thereby causing it t o  revolve  more than i t  otherwise would and 
undoubtedly causing some e r r o r .  

The per iods of change i n  the emission f a c t o r s  ( i . e . ,  a f t e r  t h e  f i f t h  
week and the  las t  4 weeks) almost s u r e l y  r e s u l t e d  from changes i n  the  
weigher and d u s t  c o n t r o l  system. The b e s t  i n t e r p r e t a t i o n  of the  d a t a  would 
be made i f  t h e  f i r s t  5 weeks of d a t a  and t h e  las t  4 weeks were excluded. 
Remaining d a t a  would inc lude  t h a t  which ranged from 0.715-1.94 l b / ton ,  
wi th  an average of  1.30 l b / t o n  r a t h e r  t han  t h e  o v e r a l l  average of 1.49 
l b  / ton. 

Car Loading - Weekly emission f a c t o r s  f o r  car loading ranged from 0.100 
lb / ton  t o  0.723 l b / t o n  wi th  an average of 0.274 l b / t o n  ( see  Table 2 ,  
column 4 ) .  
unl ike  c a r  unloading,  these  seem t o  be random v a r i a t i o n s .  
evidence t h a t  t h e r e  were any s p e c i f i c  reasons  f o r  these  v a r i a t i o n s ,  and, 
l i k e  t ruck-unloading emission f a c t o r s ,  probably a r e  due pr imar i ly  t o  the  
n a t u r a l  v a r i a t i o n  i n  t h e  amount of d u s t  emi t ted  i n  loading of g ra in .  

These emission f a c t o r s  a l s o  show a r a t h e r  wide range, b u t  
We have no 

We did  a t tempt  t o  o b t a i n  d a t a  f o r  comparing emission during hopper- 
c a r  loading wi th  boxcar loading,  b u t  l i t t l e  d a t a  were obtained f o r  boxcars 
because much of the  loading i s  i n  hopper c a r s  r a t h e r  than boxcars. 
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Corn Cleaner - Emission f a c t o r s  f o r  corn c ieaning  vary from 1.79-12.95 
with an average of 5.78 l b / t o n  (Table 2 ,  column 5 ) .  Again, the  range of 
the emission f a c t o r s  i s  q u i t e  wide, b u t  the  random v a r i a t i o n  i n  these  
f a c t o r s  was n o t  e n t i r e l y  unexpected, cons ider ing  t h e  type  of ope ra t ion  in-  
volved. The air a s p i r a t e d  from the  corn  c l e a n e r  con ta ins  l a rge  amounts 
of c h a f f ,  h u l l s  and beeswing as w e l l  as  d u s t ,  and the  amount of such 
m a t e r i a l  r e l eased  dur ing  c l ean ing  could vary cons iderably  from one ba tch  
of corn t o  t h e  nex t .  The wide range of  the  d a t a  r e f l e c t s  t h i s  f a c t ,  and 
i s  n o t  due t o  e r r o r  o r  changes i n  the f i l t e r  o r  weigher system. 

Cleaning of corn  i s  an i n t e r m i t t e n t  ope ra t ion  because only a small 
po r t ion  of the  corn  i s  cleaned. Therefore ,  even though t h i s  source  has 
the  l a r g e s t  emission f a c t o r ,  i t  does n o t  account f o r  a l a r g e  p o r t i o n  of 
the  t o t a l  emissions from the  e l e v a t o r .  One must remember t h i s  f a c t  i f  
t h e  emission d a t a  a r e  t o  be appl ied  t o  some o t h e r  e l e v a t o r  o r  e l e v a t o r s  
i n  gene ra l ,  f o r  the  average emission f a c t o r  can only be appl ied t o  t h a t  
amount of corn  that  i s  cleaned u s i n g  a i r  a s p i r a t i o n ,  and n o t  t o  a l l  corn 
o r  t o  corn t h a t  i s  screened without  a i r  a s p i r a t i o n .  

Gal le ry  Be l t  - This  dus t  system i s  composed of two hoods where g r a i n  i s  
dropped onto t h e  g a l l e r y  b e l t  from e i t h e r  of two spouts .  
r ep resen t s  a t r a n s f e r  po in t ,  and does n o t  inc lude  any dus t  c o n t r o l  on t h e  
t r i p p e r  o r  b i n s ,  e t c .  

It t h e r e f o r e  

The d a t a  f o r  t h i s  g a l l e r y  t r a n s f e r  p o i n t  show a wide range of 0.010- 
0.361, with an average of 0.110 l b / t o n  (Table 2 ,  column 6 ) .  It i s  hard 
t o  imagine t h a t  the  wide range i n  the d a t a  could be due t o  any n a t u r a l  
v a r i a t i o n  i n  d u s t  generated by th i s  sou rce ,  o r  t o  d i f f e r e n t  types of g ra in .  
Examination of t h e  d a t a  shows r a t h e r  c o n s i s t e n t  values  of about 0.03 l b /  
ton t h e  f i r s t  3 weeks, and a s e r i e s  o f  h igh  va lues  i n  the last 4 weeks. 
Even if these  d a t a  po in t s  were d i s r ega rded ,  t h e  range i s  s t i l l  q u i t e  wide 
(0.030-0.152). If t h i s  broadness of range were due t o  some change i n  t h e  
f i l t e r  o r  weigher,  our  weekly examination of the  system should have iden- 
t i f i e d  the cause. 

The only o t h e r  f a c t o r  t h a t  may be  r e l a t e d  t o  this  problem is the 
i n t e r m i t t e n t  ope ra t ion  of t h e  system. Most of the g r a i n  unloaded a t  t h e  
e l e v a t o r  i s  i n i t i a l l y  s t o r e d  i n  the  new house. Therefore,  when t h i s  
g a l l e r y  b e l t  i n  the  old house i s  used,  i t  may only be operated f o r  a 
s h o r t  t i m e  whenever one o r  two c a r s  are unloaded and s e n t  d i r e c t l y  t o  t h e  
o ld  hous'e; o r  i t  may be operated f o r  longer  per iods  when g r a i n  i s  t r ans -  
f e r r e d  from the  new house t o  t h e  o ld  house. Therefore,  t he re  could be a 
wide range i n  t h e  number of times t h e  system was operated each week with- 
o u t  n e c e s s a r i l y  be ing  r e l a t e d  t o  t h e  q u a n t i t y  of g ra in  en te r ing  ' the old 
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house. However, we can see  no reason  why the number of times the system 
was operated would cause such wide v a r i a t i o n  i n  the  amount of dus t  co l -  
l ec t ed  per  ton of g ra in  handled. 

Even though the wide range i n  t h e  d a t a  has no obvious explana t ion ,  
we be l i eve  t h a t  the average value (0.110 l b / t o n )  i s  r e p r e s e n t a t i v e  of 
emissions from t h i s  source and, as  would be expected, t h i s  emission f a c t o r  
Lo L.IaL. L L L U L  VL ULLJ VLIISL V ~ S L P L I V I L ~  ~ t l r a a u ~ r u ,  a d  is v r i y  

small i n  comparison with some (e.g., unloading o r  headhouse). 

Tunnel Bel t  - The tunne l -be l t  emission f a c t o r s  given i n  Table 2 a r e  not  
r e p r e s e n t a t i v e  of t h i s  source  because the d u s t - c o l l e c t i o n  systems a l s o  
served one o f t h e l e g s ,  which w a s  i n  ope ra t ion  a much g r e a t e r  po r t ion  of 
the  time than was the  tunnel  b e l t .  Therefore ,  the da ta  must be cor rec ted  
i n  order  t o  account f o r  t h i s  f a c t .  
the  tunnel  b e l t  var ied from week t o  week, we assumed t h a t  as  the amount 
of g ra in  inc reases ,  the c l o s e r  we would approach the  a c t u a l  emission fac-  
t o r  f o r  t h i s  source a lone ,  because t h e  i n f l u e n c e  of dus t  co l l ec t ed  from 
t h e  l e g  should decrease.  On t h i s  premise, a p l o t  was made of the c a l -  
cu la t ed  emission f a c t o r s  versus t h e  q u a n t i t y  of g ra in  moved by the  tunnel  
b e l t  (Figure 20) .  This graph does v e r i f y  t h a t  the emission f a c t o r  de- 
creased as q u a n t i t y  of g r a i n  inc reased ,  and t h a t  the  emission f a c t o r  ap- 
proaches a value of about 1.4 l b / t o n .  
t h i s  s tudy ,  the  emission f a c t o r  of 1.4 l b / t o n  i s  the b e s t  value t h a t  could 
be appl ied t o  the  tunnel  b e l t  emissions.  

Headhouse - Calculated emission f a c t o r s  f o r  the  headhouse dus t  c o n t r o l  sys- 
tem varied from 0.804 l b / t o n  t o  5.067 l b / t o n  (Table 2 ,  column 8). 
range i n  da ta  i s  not  as  wide as t h e  ranges f o r  some of the  o ther  sources ,  
and the v a r i a t i o n s  appear t o  be random except  f o r  the f a c t  t h a t  h igher  
values  occurred pr imar i ly  i n  the  l a s t  4-5 weeks of the program. It might 
be suspected t h a t  the co lde r  weather dur ing  t h e  l a s t  weeks of the  program 
may have aga in  a f f ec t ed  t h e  f i l t e r  system, and caused the  dust-weigher 
readings t o  be inaccura te .  However, t h i s  f i l t e r  system seemed t o  be much 
less s u b j e c t  t o  problems t h a t  occurred w i t h  the  o ther  f i l t e r  systems i n  
cold weather;  t h i s  i s  probably not  a v a l i d  explanat ion f o r  the h i g h e r  
emission f a c t o r s  i n  the l a s t  weeks of the  program. On the  o the r  hand, i t  
i s  poss ib l e  t h a t  because the  cold weather was hampering proper ope ra t ion  
of s e v e r a l  of the o the r  f i l t e r  systems,  the  d u s t  load f o r  the headhouse 
system may have increased a s  a consequence. I n  e i t h e r  case ,  we be l i eve  
t h a t  the  b e s t  average emission f a c t o r  f o r  t h e  headhouse would be.based on 
d a t a  t h a t  ignore the l a s t  5 weeks of d a t a  
conserva t ive  value f o r  the average headhouse emission f a c t o r  of 1.49 l b /  
ton. 

- "  --" 1,-- -I.-- &I...& ^ C  ^___ &L" -*L.-- ^-^-- c1--- - - - -  - - - - >  

Since the  amount of g r a i n  c a r r i e d  by 

Based on the da ta  obtained i n  

This 

This procedure gives a more 
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Comparison of Experimental  Resul t s  wi th  Other Published Information 
> 

Best values  of  the  long-term composite emission f a c t o r s  exper imenta l ly  
determined i n  t h i s  s tudy  w e r e  as fo l lows:  

Operat ion Emission Fac tor  ( lb / ton )  

'I'ruck unioading 0.64 
Car unloading 1.30 
C a r  loading 0.27 
Corn c leane r  5 . 7 8  
Gal l e ry  b e l t  ( t r a n s f e r )  0.11 
Tunnel b e l t  1.40 
Headhouse 1.49 

The emission f a c t o r s  exper imenta l ly  determined by MRI can be com- 
pared with those of o t h e r  publ ished sources  (Table 3 ) ,  bear ing  i n  m i n d  
t h a t  they are n o t  s t r i c t l y  i d e n t i c a l  s i t u a t i o n s ,  as shown by appropr i a t e  
foo tno te s .  

Examination of the d a t a  i n  Table 3 shows t h a t  the experimental ly  
determined emission f a c t o r s  agree f a i r l y  w e l l  wi th  published d a t a  f o r  
some d u s t  sources  (e.g., car unloading, c l ean ing ,  tunnel  b e l t ) .  How- 
eve r ,  the  MRI f a c t o r s  a r e  lower i n  some cases  ( t ruck  unloading and c a r  
loading) ,  and h ighe r  i n  o t h e r  cases  (e.g., headhouse). 

This comparison i n d i c a t e s  t h a t  the MRI d a t a  a r e  c e r t a i n l y  n o t  g ross ly  
d i f f e r e n t  than o t h e r  emission f a c t o r  information.  However, none of the  
o t h e r  published information was obtained by d i r e c t  experimental  methods, 
a s  were the d a t a  obtained i n  th i s  s tudy.  

Ef fec t  of Grain Type and Grain Qua l i ty  on Emission Fac to r s  

It i s  commonly be l ieved  in  t h e  g r a i n  indus t ry  that d i f f e r e n t  types 
of g r a i n  e m i t  d i f f e r e n t  amounts of dus t s .  This idea  i s  p r imar i ly  based 
on v i s u a l  observa t ion  of emissions,  which can be misleading,  but  i t  
c e r t a i n l y  seems reasonable  t o  those  t h a t  have experience i n  g r a i n  e l e v a t o r  
opera t ions .  

MRI obtained d a t a  i n  t h i s  s tudy  i n  an at tempt  t o  determine. i f  t h i s  
b e l i e f  i s  t r u e .  The e f f e c t  on d u s t  emissions of d i f f e r e n t  types of g ra ins  
vas  inves t iga t ed  us ing  both t h e  long-term and the  shor t - te rm emission 
f a c t o r  da ta .  The shor t - te rm emission f a c t o r s  a r e  discussed i n  another  
s e c t i o n  of t h i s  repor t ,  so  t h i s  d i scuss ion  w i l l  be confined t o  the  long- 
term f a c t o r s .  
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Table 3. COMPARISON OF EMISSION FACTOR DATA 

Operation 

Truck unloading 

Car unloading 

Car loading 

Cleaning 

Transfer  po in t  
(ga l l e ry  b e l t )  

Tunnel b e l t  

Headhouse 

MRI 
Data - 

0.64 

1.30 

0.27 

5.70 (corn 
only)  

0 .11 

1.40 

1.49 

Published Data 

2 . 0  

1 .0  

1 .0  

5.0 

-- 

1.521 

0 .5  

Ref. 2 

1 

1 

1 

5 

-- 

2- b/ 

-- 

Ref. 3 

0.8 

0 . 7  

1.1 

6.0 

-- 

1.G' 

-- 

Ref. 1 - Thimsen, D. J. and P. W. Aften, "A Proposed Design f o r  
Grsin Elevator  Dust Col lec t ion" ,  Jou rna l  of t h e  A i r  P o l l u t i o n  Con- 
t r o l  Assn., November 1968. 

Apr i l  1973. Values s p e c i f i e d  i n  t h i s  EPA document f o r  te rmina l  
e l e v a t o r s  a r e  a t  l e a s t  p a r t i a l l y  based on those  o f  Thimsen 
(Ref. 1 above).  

Ref 3 .  - P r i v a t e  Communication, Resu l t s  repor ted  f o r  C a r g i l l  Chicago 
e l e v a t o r  based on ca lcu la t ed  m a t e r i a l  balances ("shrink") over  a 
per iod of  18 yea r s .  

Value of 1 . 5  was f o r  t r a n s f e r r i n g  o r  tu rn ing  b ins  f o r  cool ing  

Ref. 2 - Compilation of Air P o l l u t a n t  Emission Fac to r s ,  USEPA, 

- a /  
and may t h e r e f o r e  inc lude  sources  o t h e r  than j u s t  t h e  tunnel  
b e l t .  

- b/  Value of  2 Ib / ton  i s  f o r  t r a n s f e r r i n g ,  conveying, e t c .  
- c /  I d e n t i f i e d  i n  Ref. 3 a s  " t r a n s f e r r i n g " .  
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Determination of t he  long-term emission f a c t o r s  was based on weekly 
amounts of d u s t  co l l ec t ed  from each of seven operat ions wi th in  the  e l e v a t o r ,  
and on t h e  quan t i ty  of each type of g r a i n  handled (Appendix B). Because 
d i f f e r e n t  amounts of each typeof  g r a i n  were handled by each opera t ion  
every week, i t  was presumed t h a t  t he  q u a n t i t y  of d u s t  c o l l e c t e d  would have 
been a r e s u l t  of the  amount of each type of g r a i n  handled and the  emission 
f a c t o r  f o r  each type of grain.  We knew the  t o t a l  quan t i ty  of d u s t  col-  

t he  amount of dus t  c o l l e c t e d  f o r  each type of gra in .  However, because the  
amount of each type of g r a i n  handled by each opera t ion  d id  vary from week 
t o  week, i t  appeared t h a t  a s t a t i s t i c a l  ana lys i s  of the  weekly d a t a  could 
be used t o  determine an emission f a c t o r  f o r  e a c h  type of g r a i n  f o r  each 
of t he  seven grain-handl ing opera t ions  (except the corn c l eane r  and tunnel  
b e l t ) .  Using the  d a t a  for the  remaining f i v e  opera t ions ,  a s t a t i s t i c a l  
eva lua t ion ,  us ing  r eg res s ion  analyses  t o  determine the  b e s t - f i t  emission 
f a c t o r  f o r  each type of g r a i n  w a s  conducted t o  p r e d i c t  t he  t o t a l  amount 
of d u s t  generated.  That i s ,  an equat ion  w a s  s e tup  f o r  each opera t ion  a s  
f 0 llows : 

7 - - * - 2  - - A  cL- --..-+ - F  ---I. c.-- - F  ,v-.,:- I.--,7TA,I ---L r .raal ,  L..c _,.+ 
LSCLTU, -...a C L L C  v....,.... c "* -.--.. L,yL -A B.".. ....-.. ..--.., -". ...,- 

Tota l  Dust ( l b s )  = a x ( tons  wheat) + b x ( tons  corn)  

+ c x ( tons  SB) + d x ( tons milo) 

where a = emission f a c t o r  f o r  wheat,  l b / t o n ,  

b = emission f a c t o r  f o r  corn,  l b / t o n ,  

c = emission f a c t o r  f o r  SB,  l b / t o n ,  and 

d = emission f a c t o r  for milo ,  l b / ton .  

The t o t a l  dus t  c o l l e c t e d  each week, as w e l l  as the amount of each 
type of g r a i n  handled, was known for each opera t ion .  
da t a  were en tered  i n t o  a computerized r eg res s ion  ana lys i s  t o  determine 
the  values  of a ,  b,  c and d t h a t  gave the  b e s t  f i t  ( l e a s t  squares)  f o r  
the  known t o t a l  amount of d u s t  co l l ec tdd .  

A l l  s e t s  of weekly 

A second r eg res s ion  ana lys i s  w a s  a l s o  performed t o  determine how w e l l  
the t o t a l  quan t i ty  of d u s t  generated can be  pred ic ted ,  based only on the  
t o t a l  amount of g ra in  handled. In t h i s  ca se ,  the  equat ion becomes: 
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Tota l  Dust ( l b )  = e x ( tons  wheat + tons corn + tons S B  + tons milo)  

where e = composite emission f a c t o r ,  l b / t o n .  

R e s u l t s . o f  the  two r e g r e s s i o n  ana lyses  were compared t o  determine the 
improvement i n  accuracy f o r  p r e d i c t i n g  d u s t  emissions when the  amount of 
each type of g r a i n  i s  cons idered  r a t h e r  than  j u s t  t h e  t o t a l  amount of a l l  
g ra in .  Of course,  t h e r e  i s  always some improvement when cons ider ing  t h e  
types of g r a i n  because the  r e g r e s s i o n  a n a l y s i s  has  more degrees of freedom. 
However, the  e x t e n t  of the  improvement would i n d i c a t e  j u s t  how dependent 
the emissions a r e  on g r a i n  type. 

Resul t s  of the  two r e g r e s s i o n  ana lyses  a r e  presented  i n  Table  4 .  The 
mul t ip l e  c o r r e l a t i o n s  f o r  each o p e r a t i o n  show t h a t  t h e r e  i s  n o t  much i m -  
provement i n  determining t o t a l  d u s t  emissions on the  b a s i s  of g r a i n  type.  
That i s ,  d u s t  gene ra t ion  can be p red ic t ed  on the  b a s i s  of t o t a l  amount of 
g r a i n  about a s  we l l  as  on the  bases  of amount and type of each g r a i n .  
Also, Table 4 shows t h a t  t h e  b e s t - f i t  emission f a c t o r s  f o r  each g r a i n  type  
a r e  very i n c o n s i s t e n t  (e.g., i n  some cases  wheat has  t h e  l a r g e s t  emission 
f a c t o r  whi le  i n  another  case  i t  has  t h e  s m a l l e s t  emission f a c t o r ) ,  and 
t h e  s tandard  e r r o r  of r e g r e s s i o n  i n  some cases  is  a s  l a r g e  as  ( o r  l a r g e r  
than) t h e  emission f a c t o r .  

Although these  r e s u l t s  would seem t o  i n d i c a t e  t h a t  g r a i n  type  has  
l i t t l e  e f f e c t  on d u s t  emissions,  t h i s  i s  n o t  n e c e s s a r i l y  t r u e .  Ac tua l ly ,  
i t  may only  r e f l e c t  t h e  f a c t  that  the emission f a c t o r s  f o r  each type  of 
g r a i n  vary over  a wide range;  i .e. ,  when one cons iders  the  l a rge  amounts 
of g r a i n  handled over  a weekly pe r iod ,  the e f f e c t  of g r a i n  type i s  masked 
out  and i s  not  an important  f a c t o r .  Our i n v e s t i g a t i o n  of shor t - te rm emis- 
s i o n  f a c t o r s  v e r i f i e d  t h e  wide range i n  emiss ion  f a c t o r s  f o r  each g r a i n  
type but  on the  average,  d i d  show a dependence on g r a i n  types as  d i s -  
cussed i n  a l a t e r  s e c t i o n  of t h i s  r epor t .  

Regression ana lyses  of the  long-term emission d a t a  do suppor t  use 
of t h e  average emission f a c t o r s  g iven  i n  Table 1 t o  c a l c u l a t e  d u s t  gen- 
e ra t ed  by an e l e v a t o r  ove r  the  long term. However, these  composite f a c t o r s  
a r e  f o r  an e l e v a t o r  handl ing  f o u r  types of g r a i n ;  t h e i r  accuracy would 
probably n o t  be a s  good i f  they were appl ied  t o  an e l e v a t o r  handl ing only  
one o r  two types of g ra in .  

Grain q u a l i t y ,  meaning mois ture  con ten t ,  FM, e t c . ,  i s  a l s o  thought 
t o  a f f e c t  the  emission f o r  each type of g r a i n ,  a l though the type of g r a i n  
i t s e l f  is comonly  be l i eved  t o  be the most important f a c t o r  t h a t  i n f luences  
dus t  emissions.  We were n o t  a b l e  t o  use the  long-term emission f a c t o r  
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Table 4. REGESSIOX ANALYSIS 

Truck unloading 

Mu 1 t iple 
Correlation Emission Standard E r r o r  

UL Regression r------ &ai- A " C L V L D  - (%) 

86.7 Wheat -0.42 0.55  
corn 0.93 0.14 
SB 0.80 0.34 
Milo -0.01 0.56 

a' 0.04 
Car unloading 93.3 Wheat 2.19 0.40 

Corn 0.33 0.43 
SB 1.82 0.43 
Milo 0.87 0.12 

A1 1 
Car loading 80 Wheat 0.13 0.04 

corn 0.29 0.04 
SB 0.62 0.21 
Milo 0.31 0.05 

- - - - - - -  81.4 A1 1 - - - - - - - - - - - - - - - - - - - - - - - 2.58-(!2.64.l-- 

al - - - - - - - - - _ _ _ - _ - _ - _ _ _ _ _ _ _  78 1 -24- (2 -302- - - - O-LO- - - 

Corn 0.12 
SB 0.04 
Milo 0.05 

0.02 
0.03 
0.02 

- a/ Numbers in parentheses are the arithmetic average emission factors 
shown in Table 1. 
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d a t a  t o  analyze the  e f f e c t  of g r a i n  q u a l i t y  on emissions because we d i d  
n o t  know the  amount of d u s t  a t t r i b u t a b l e  t o  each type of g r a i n .  
we had known the  amount of d u s t  genera ted  by each type of g r a i n  over each 
weekly per iod ,  the  weekly informat ion  on each g r a i n  type w a s  too voluminous, 
and covered such a wide range of t h e  va r ious  g r a i n  q u a l i t y  f a c t o r s ,  t h a t  
i t  i s  doubt fu l  t h a t  any type  of a n a l y s i s  of the  d a t a  could have been used 
t o  determine the  e f f e c t  of these  f a c t o r s  on d u s t  emissions.  However, the  
shor t - te rm emission f a c t o r s  were used t o  a t tempt  an ana lyses  of t h e  e f -  
f e c t  of g r a i n  q u a l i t y  on emissions.  

Even if 

SHORT-TERM EMISSION FACTORS 

A second o b j e c t i v e  of t h i s  s tudy  w a s  t o  o b t a i n  sho r t - t e rm emission 
f a c t o r s  t o  supplement the  long-term f a c t o r s  prev ious ly  d iscussed .  These 
shor t - te rm f a c t o r s  were a l s o  determined by means of t h e  mechanical 
weighers,  b u t  they were based on the  amount of d u s t  c o l l e c t e d  dur ing  the  
per iod when one t ruck  was unloaded o r  one car w a s  loaded/unloaded ( i . e . ,  
s h o r t  term). Thus, on t h e  b a s i s  of knowledge of the  weight of d u s t  co l -  
l ec t ed  and t h e  q u a n t i t y  of g r a i n  loaded o r  unloaded, a shor t - t e rm emission 
f a c t o r  could be c a l c u l a t e d .  This had t h e  advantageof  providing an emis- 
s i o n  f a c t o r  f o r  a p a r t i c u l a r  o p e r a t i o n ,  w i th  knowledge of the  type of 
g r a i n  and i t s  q u a l i t y .  However, i t  w a s  f e a s i b l e  t o  o b t a i n  t h i s  d a t a  only 
f o r  t h ree  ope ra t ions :  t ruck  unloading,  car unloading and car loading.  

During our  weekly v i s i t s  t o  t h e  e l e v a t o r ,  w e  conducted shor t - te rm 
tes ts  when poss ib l e ,  so  t h a t  w e  could o b t a i n  d a t a  f o r  each of t h e  t h r e e  
above opera t ions  f o r  a l l  fou r  types of  g ra in .  The r e s u l t s  of t hese  t e s t s  
a r e  presented i n  Tables 5 ,  6 ,  and 7. Some d i scuss ion  of t hese  r e su l t s ,  
i . e . ,  o v e r a l l  average of shor t - te rm f a c t o r s  and emissions by g r a i n  type,  
i s  presented below. 

Average Short-Term Emission Fac to r s  

Overal l  average shor t - te rm emission f a c t o r s  f o r  t ruck  unloading, ca r  

A comparison of these  average shor t - te rm 
unloading and ca r  loading were computed, i r r e s p e c t i v e  of g r a i n  type,  as  
included i n  Tables 5 ,  6 ,  and 7. 
f a c t o r s  with the  average long-term f a c t o r s  given i n  Table 1 i s  presented 
below. 

Average Short-Term Average Long-Term 
Emission Fac tor  ( l b l t o n )  Emission Factor  ( l b l t o n )  

Truck Unloading 
Car Unloading 
Car Loading 

0.83 
0.76 
0.30 

0.64 
1.30 
0 . 2 7  

5 3  



T a b l e  5. TRUCK UNLOADING, EMISSION FACTORS BY G R A I N  TYPE 
( LB/TON) 

W h y h  

0.081 
0.217 
1.06 
0.73 

Avg. 0.52 

Range 0.081-1.06 

Corn 

0.128 
0.130 
0.234 
0.115 
0.670 
0.70 
0.49 
0.67 
0.42 
0.71 
0.56 
0.80 

- 

0.47 

0.115-0.80 

SB 

1.15 
1.63 
1.85 
2.20 
0.87 
2.06 

- 

1.63 

0.87 -2.20 

Mi lo 

0.280 
1.090 
0.610 
1.23 
0.88 
0.96 
1.60 

~ 

0.95 

0.28-1.60 

A v e r a g e  of all data = 0.83 
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Table 6 .  CAR UNLOADING, EMISSION FACTORS BY GRAIN TYPES 
(LB /TON) 

Wheat Corn 
Hopper Box - Hopper Box 

0.11 0.50 0.77 0.84 
0.88 0.38 

0.65 

- -  - - 
0.11 0.50 0.83 0.62 

Avg. 0.31 0.70 

SB Milo 
Hopper Box Hopper Box 

1.51 0.12 1.42 
0.41 2.08 
0.59 0.26 

0.98 
0.64 

- 1.51 0.37 1.08 

1.51 0.81 

~ - - - 

Average of a l l  data = 0.76 
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Table 7. CAR LOADING, EMISSION FACTORS BY G R A I N  TYPE 
(LB/TON) 

Wheat - Corn - SB Milo 

0.12 
0.15 
0.54 
0.25 
0.15 
0.07 
0.07 
0.07 
0.12 

0.34 0.33 
0.20 0.21 
0.18 0.41 
0.31 0.95 
0.31 0.56 
0.27 0.44 
0.36 0.48 

0.59 
0.31 
0.12 

- - 
Avg. 0.17 0.28 

Range 0.07-0.54 0.18-0.36 

Average of a l l  da ta  = 0.30 

- 
0.44 

0.12-0.95 

0.26 
0.14 
0.24 
0.24 
0.26 
0.32 
0 .41  
0.34 
0.35 
0.35 
0.30 
0.09 
0.02 
0.19 
0.11 
0.08 

0.38 
0.34 
0.36 
0.39 
0.37 
0.39 
0.22 
0.42 
0.39 
0.51 
0.27 
0.21 
0.32 
0.34 
0.34 
0.31 
0.28 

0.29 

0.02-0.51 
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It could be assumed t h a t  both f a c t o r s  should be i n  agreement or t h a t  
t h e  average shor t - te rm f a c t o r s  might be b e t t e r  e s t ima tes  because we could 
b e  c e r t a i n  t h a t  no f i l t e r  pluggage problems, e t c . ,  had occurred,  a s  may 
have been t h e  case f o r  some of t h e  long-term (weekly) da t a .  However, t h e  
amount of short- term da ta  i s  not  s u f f i c i e n t  t o  consider  t h e  average s h o r t -  
term emission f a c t o r s  a s  more v a l i d  than  t h e  long-term f a c t o r s .  Also ,  
because the shor t - te rm d a t a  do i n d i c a t e  a dependence of emissions of g r a i n  
type a s  d iscussed  below, t h e  o v e r a l l  average shor t - te rm emission f a c t o r s  
probably would not  co inc ide  with t h e  average long-term f a c t o r  f o r  each 
opera t ion  un le s s  they were both b a s e d  on t h e  same propor t ions  of each type 
of g ra in .  

E f fec t  of Grain Type 

Truck Unloading - The emission f a c t o r  f o r  each g r a i n  type,  a s  presented  
i n  Table 5 ,  again  i n d i c a t e s  t h a t  t h e  ranges f o r  each g r a i n  type a r e  r a t h e r  
wide. However, t h e  average va lues  do confirm t h e  b e l i e f  t h a t  d i f f e r e n t  
types of g r a i n  e m i t  d i f f e r e n t  amounts of d u s t ,  wi th  soybeans and mi lo  being 
cons iderably  more "dusty" than  corn  and wheat. 
g ra ins  based on the  average of t h e  sho r t - t e rm emission f a c t o r s  i s  a s  
fol lows:  

A rank  order ing  of t h e s e  

Soybeans 1.63 l b / t o n  
Milo 0.95 l b / t o n  
Wheat 0.52 l b / t o n  
Corn 0.47 l b / t o n  

Car Unloading - An at tempt  was made t o  o b t a i n  shor t - te rm emission f a c t o r s  
f o r  each type o f  g r a i n  as i t  was unloaded from boxcars and hopper c a r s ,  
because it  was expected t h a t  boxcar unloading would genera te  more d u s t  than 
hopper c a r  unloading. 
opera t ion  t o  support  d e f i n i t e  conclus ions ,  b u t  more da t a  were obta ined  f o r  
mi lo  (Table 6)  than f o r  t h e  o t h e r  g r a i n s  and i n d i c a t e  t h a t  t h e  average 
emission f a c t o r  f o r  boxcar unloading of  milo i s  about t h r e e  t i m e s  g r e a t e r  
than hopper c a r  unloading of t h i s  g r a i n .  However, t h e  small  amount of 
da t a  cannot be considered conclus ive .  

We were unable  t o  o b t a i n  s u f f i c i e n t  d a t a  f o r  t h i s  

5 7  



Examination of the  d a t a  i n  Table 6 r e l a t i v e  t o  boxcar unloading aga in  
confirms the  dependence of emissions on g r a i n  type:  

Soybeans 1.51 l b f t o n  
Milo 1.08 l b f t o n  
Corn 0.62 l b f t o n  

V.,V 1iI;L"n A r,-. I * . - -  
W * L C d  L 

This l i s t i n g  i s  i n  good agreement wi th  t h e  values  obtained f o r  t ruck  
unloading. 

Car Loading - We were a b l e  t o  o b t a i n  cons iderably  more d a t a  f o r  the  ca r -  
loading  ope ra t ion ,  which c o n s i s t s  p r imar i ly  of hopper c a r  loading (Table 
7) .  Rank o rde r ing  of t h e  g r a i n  types,  based on the  short- term emission 
f a c t o r s ,  aga in  i n d i c a t e s  t h a t  soybeans produce the  most d u s t ,  followed 
by mi lo  and corn ,  which are q u i t e  c l o s e ;  wheat produces the  l e a s t  d u s t .  

Soybeans 0.44 l b f t o n  
Milo 0.29 l b f t o n  
Corn 0.28 l b f t o n  
Wheat 0.17 l b f t o n  

Although the g ra ins  are i n  the same o r d e r  as f o r  c a r  unloading, the 
magnitude of t h e  emission f a c t o r s  f o r  c a r  loading  i s  cons iderably  lower, 
which shows t h a t  t h e  amount of d u s t  c o l l e c t e d  dur ing  car loading i s  lower 
than t h a t  c o l l e c t e d  dur ing  t ruck  o r  boxcar unloading,  a s  might be expected 

E f f e c t  of Grain Qua l i ty  

Short- term emission f a c t o r  d a t a  were a l s o  used in  an at tempt  t o  
determine the  e f f e c t  of g r a i n  q u a l i t y  on t h e  emission f a c t o r s  f o r  each 
type of g ra in .  The shor t - t e rm d a t a  f o r  t ruck  unloading, c a r  unloading, 
and c a r  loading were used f o r  this purpose, b u t  we were not  ab le  t o  ob- 
t a in  information on g r a i n  q u a l i t y  f o r  a l l  of the  shor t - te rm emission 
f a c t o r s .  I n  a d d i t i o n ,  the only information t h a t  was a v a i l a b l e  on g r a i n  

q u a l i t y  was moisture  con ten t  and FM ( f o r e i g n  m a t e r i a l ) .  
t i o n  on g r a i n  q u a l i t y  a s soc ia t ed  wi th  the  shor t - te rm emission f a c t o r s  i s  
presented i n  Tables 8 ,  9, and 10. For those opera t ions  and g ra in  types 
where s u f f i c i e n t  information was a v a i l a b l e ,  a p l o t  of the  emission f a c -  
t o r s  versus moisture  con ten t  and FM was made i n  an a t tempt  t o  d i s c e r n  any 
r e l a t i o n s h i p  between g r a i n  q u a l i t y  (moisture  o r  FM) and the shor t - te rm 
emission f a c t o r s .  

Avai lable  informa- 
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Figures  21,  22, and 23  f o r  t ruck  unloading of corn,  SB and mi lo  do 
not  i n d i c a t e  any r e l a t i o n s h i p  between the  emission f a c t o r  and FM. How- 
eve r ,  Figure 21  for corn  does i n d i c a t e  t h a t  h ighe r  emission f a c t o r s  were 
a s soc ia t ed  with h ighe r  mois ture  conten t .  There appears t o  be a s i m i l a r  
but  less pronounced r e l a t i o n s h i p  f o r  SB and milo (Figures  22 and 23) 
a l though the  number of d a t a  po in t s  i s  n o t  a t  a l l  conclusive.  It i s  some- 
what s u r p r i s i n g  t h a t  t h e  emission f a c t o r  f o r  corn  would inc rease  wi th  
h ighe r  moisture  con ten t ,  and t h i s  i nc rease  should not be considered reli-  
a b l e  wi thout  o t h e r  suppor t ing  da ta .  

Data f o r  c a r  unloading of corn  and mi lo  a r e  shown i n  Figures  2 4  and 
25 ,but  the  spread i n  the  f e w  d a t a  po in t s  a v a i l a b l e  a r e  inconclus ive .  

C a r  loading of milo i s  shown i n  Figure  26.  Although the re  were 
s e v e r a l  d a t a  p o i n t s ,  they a r e  grouped too c l o s e l y  toge the r  t o  show any 
e f f e c t  of moisture  on t h e  emission f a c t o r .  However, the  d a t a  i n d i c a t e  
wide v a r i a t i o n  i n  FM wi thout  e f f e c t  on emission f a c t o r s .  

The only conclusions t h a t  can be made regard ing  t h e  observed e f f e c t  
of moisture  and FM on shor t - te rm emission f a c t o r s  a r e :  (1) Inc reas ing  
mois ture  content  (of corn)  may be a s soc ia t ed  wi th  h igher  emission f a c t o r s ;  
and (2)  The d a t a  do n o t  i n d i c a t e  any dependency of the  emission f a c t o r s  
on FM. 

TOTAL EMISSIONS 

The dus t  weighers were used t o  o b t a i n  long-term and shor t - te rm 
emission f a c t o r  d a t a ,  and to provide d a t a  on t o t a l  p o t e n t i a l  d u s t  e m i s -  
s ions  from the  e l e v a t o r  on weekly, d a i l y ,  and hour ly  bases .  Such in -  
formation i s  of i n t e r e s t  i n  order  t o  a s c e r t a i n  t h e  a c t u a l  quan t i ty  of 
d u s t  ( i . e . ,  pounds) t h a t  may be emi t ted  ove r  these  per iods  of t i m e .  

Cumulative Emission Fac to r s  

T o t a l  dus t  c o l l e c t e d  during each weekly per iod throughout t h i s  s tudy  
was obtained by compiling t h e  information f o r  each of  t h e  seven g ra in -  
handl ing ope ra t ions  ( see  Appendix E). This compilat ion i s  presented i n  
Table 11 and a l s o  shows t h e  amount of g r a i n  unloaded and loaded each week. 
The l a s t  column i n  Table  11 shows t h e  emission f a c t o r  ca l cu la t ed  f o r  t h e  
t o t a l  pounds of dus t  c o l l e c t e d  per  t o n  of throughput where: 

Amount Loaded + Amount Unloaded 
2 Throughput = 

6 2  
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The above d e f i n i t i o n  implies  t h a t  throughput i s  equiva len t  t o  r e c e i p t s  o r  
shipments. That i s ,  over t h e  long term the amount of g r a i n  r ece ived  w i l l  
approach o r  e q u a l  t h e  amount shipped. This,  of  course,  i s  g e n e r a l l y  t r u e  
over long per iods  such as a year  o r  more but ,  as shown i n  Table 11, t h e  
amounts loaded and unloaded may be q u i t e  d i f f e r e n t  over s h o r t  per iods  such 
a s  a week o r  even s e v e r a l  months. 

Eyami.nati.on of t h e  data i n  Tab1.e 11 shows t h a t  t h e  t n t a !  ..eek$ q ~ ~ n + _ i t ; l  
of dus t  c o l l e c t e d  f o r  t h e  seven ope ra t ions  var ied  from 17,484 l b  up t o  
64,490 l b .  
i s  t h a t  i t  shows t h a t  by far  t h e  l a r g e s t  amount of dus t  was c o l l e c t e d  by 
t h e  headnouse d u s t - c o l l e c t i o n  system. This is somewhat unexpected because 
i t  i s  usua l ly  thought t h a t  loading and unloading opera t ions  gene ra t e  t h e  
most dus t .  However, t h e s e  are more i n t e r m i t t e n t  opera t ions  than  t h e  head- 
house opera t ion .  That is ,  g r a i n  i s  always moving through the  headhouse i f  
any opera t ion  i s  being c a r r i e d  out  ( i . e . ,  loading,  unloading, t r a n s f e r r i n g ,  
e t c . ) .  Therefore ,  t h e  headhouse i s  c o l l e c t i n g  dus t  on a more continuous 
b a s i s  than any of the  o t h e r  ope ra t ions ,  and t h e  d a t a  c e r t a i n l y  i n d i c a t e  t h a t ,  
over t h e  long term, it i s  t h e  l a r g e s t  source  of  dus t  w i t h i n  t h e  e l e v a t o r .  

Perhaps t h e  most i n t e r e s t i n g  a spec t  of t h e  d a t a  i n  Table 11 

As mentioned e a r l i e r ,  the  l a s t  column i n  Table 11 i s  t h e  c a l c u l a t e d  
emission f a c t o r  f o r  t o t a l  dus t  c o l l e c t e d  per  t o n  of throughput,  wi th  a 
f i n a l  average v a l u e  of 7.46  l b j t o n .  The purpose i n  ob ta in ing  this  number 
was t o  compare i t  with a hypo the t i ca l  va lue  us ing  t h e  average composite 
emission f a c t o r s  given i n  T a b l e  1. Consider ing t h e  f a c t  t h a t  i t  would b e  
important t o  be a b l e  t o  p r e d i c t  t h e  t o t a l  p o t e n t i a l  dus t  emissions based 
on g r a i n  throughput ,  one can use  the average composite emission f a c t o r  f o r  
t h i s  purpose. For example, i f  1 t on  of g r a i n  were rece ived  (unloaded) and 
s t o r e d ,  and an equal  amount loaded o u t ,  the throughput [ ( r ece iv ing  + 
shipping)/Z] would be 1 ton. 
put  can be p red ic t ed ,  u s ing  t h e  average emission f a c t o r s ,  a s  fo l lows:  

The p o t e n t i a l  dus t  emissions from t h i s  through- 

Receiving 

Truck unloading 
Elevated through headhouse 
Transfer red  onto g a l l e r y  b e l t  

Shipping 

0.64 l b / t o n  
1.49 l b / t o n  
0.11 l b / t o n  

Dropped from b ins  on to  tunnel  
b e l t  1 .40  l b / t o n  

Elevated through headhouse 1.49 l b / t o n  
Loaded i n t o  a ca r  - 0.27 l b / t o n  

T o t a l  5 .40  lL/ ton 
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The value of  5.40 l b  of d u s t  per  t o n  of throughput  i s  a conse rva t ive  va lue  
t h a t  could be used t o  p r e d i c t  p o t e n t i a l  d u s t  emiss ions ,  assuming t h e  g r a i n  
i s  n o t  cleaned or r e l o c a t e d  ( t r a n s f e r r e d )  from one b i n  t o  another .  This  
va lue  i s  smal le r  than  t h e  va lue  of 7.46 l b / t o n  shown on Table  11 because 
t h e  d a t a  i n  Table  11 inc lude  a s s o c i a t e d  c l ean ing  and t r a n s f e r  ope ra t ions ,  
e t c .  

Although t h e  preceding f a c t o r  o f  5.40 l b / t o n  could be used t o  p r e d i c t  
t h e  minimum p o t e n t i a l  dus t  emiss ions ,  it would b e  more a c c u r a t e  t o  use  
cumulative emission f a c t o r s  f o r  s p e c i f i c  e l e v a t o r  func t ions ,  t h a t  can be 
ca l cu la t ed  i n  t h e  'same manner. Therefore ,  such cumulative emission f a c t o r s  
have been computed f o r  unloading (from t r u c k s  o r  c a r s ) ,  loading ( i n t o  c a r s ) ,  
corn c leaning ,  and turn ing .  These are presented  i n  Table  12 and an example 
c a l c u l a t i o n  us ing  t h e  cumulative f a c t o r s  i s  shown i n  Table  13. 

A s  s t a t e d  above, use of t h e  cumulat ive f a c t o r s  i s  a more a c c u r a t e  
method of e s t ima t ing  t o t a l  p o t e n t i a l  emissions from an e l e v a t o r ;  bu t  it 
does r e q u i r e  knowledge of  t h e  q u a n t i t y  of  g r a i n  processed through each 
e l e v a t o r  func t ion ;  i . e . ,  one m u s t  know t h e  amount of g r a i n  unloaded (and 
whether from c a r s  o r  t r u c k s ) ,  t h e  amounts loaded ( t o  c a r s ) ,  t h e  amount 
cleaned (corn)  and t h e  amount tu rned ,  dur ing  t h e  time per iod  of i n t e r e s t  
( e .g . ,  per week o r  p e r  month, e t c . ) .  

Dai ly  Emissions 

During some of our v i s i t s  t o  t h e  e l e v a t o r ,  readings on the  d u s t  
weighers were taken i n  o rde r  t o  assess the  p o t e n t i a l  d u s t  emissions on a 
d a i l y  b a s i s .  A t o t a l  of 11 such d a i l y  per iods  were surveyed i n  t h e  s tudy.  
These d id  n o t  always cover the  ent i re  ope ra t ing  day b u t  d i d  comprise the  
major po r t ion  of an 8-hr working per iod .  As expected,  n o t  a l l  of the 
e l e v a t o r  func t ions  were always i n  s e r v i c e  du r ing  these  per iods .  Also, 
t h e  f i l t e r  systems were sometimes o u t  of s e r v i c e  o n . c e r t a i n  ope ra t ions  
because of d u s t  pluggages o r  o t h e r  problems. 

Data on d u s t  emissions dur ing  t h e  d a i l y  per iods  (Appendix C) show t h e  
q u a n t i t y  of d u s t  c o l l e c t e d  f o r  each system, and the  types of g r a i n  being 
processed. This information i s  summarized i n  Table 14 t o  show the  t o t a l  
d u s t  emissions f o r  each d a i l y  pe r iod ,  excluding those days i n  which the  
headhouse d u s t - c o l l e c t o r  was out  of s e r v i c e .  

Dai ly  p o t e n t i a l  dust-emission d a t a  ir, Appendix C aga in  i n d i c a t e s  
t h a t  the  l a r g e s t  s i n g l e  source  of d u s t  was the  headhouse and the d a t a  
summarized i n  Table 14 i n d i c a t e s  t h a t  t h e  amount of d u s t  c o l l e c t e d  from 
a l l  sources t h a t  were i n  ope ra t ion  ranged from 2,260 l b  up t o  6,134 l b .  
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Table 12. CUWJTATIVE EMISSION FACTORS FOR ESTIMATION OF 
POTENTIAL DUST EMISSIONS FROM k TERMINAL ELEVATOR 

Unloading 

From t rucks  

From c a r s  

( 0 . 6 e i  + 1.498; + 0.11s;) = 1.24 l b / ton  

(1.3&’ + 1.498’ + O.lE/) = 2.90 l b / ton  

Loading 

T o  c a r s  

Cleaning 
(and ca r  loadout) 

corn 

(1.4d‘ + 1.498’ + 0.275’) = 3.16 lb / ton  

(1.40- f/ + 1.448 / + 5.7d’ + 1 . 4 d  + 0.27Sl) = 10.43 l b l t o n  

Turning 

f/ / (1.4& + 1.448 + O.llsi) = 3.00 lb / ton  

~ 

Ind iv idua l  emission f a c t o r s  (from Table 1) : 
- a/ 
- b /  
- c /  
- d /  
- e /  
- f/ 
g/ Headhouse 1.49 lb / ton .  

Truck unloading 0.64 lb/ ton.  
Car unloading 1.30 lb / ton .  
Car loading 0.27 l b i t o n  
Corn c leaning  5.78 l b / ton .  
Gal le ry  b e l t  0.11 lb / ton .  
Tunnel b e l t  1.40 l b / ton .  



Table 13. EXAMPLE CALCULATION 

Example Ca lcu la t ion  

Problem: Ca lcu la t e  t o t a l  p o t e n t i a l  dus t  emissions from a te rmina l  
e l e v a t o r  from t h e  fo l lowing  information:  

A m o u n t  unloaded from t r u c k s  - 160,000 tons /yea r  
A m o u n t  unloaded from cars - 100,000 tons /year  
Amount loaded t o  cars - 200,000 tons /yea r  
(no t u rn ing  o r  c leaning)  

Solu t ion  (us ing  f a c t o r s  i n  Table  12) :  

Truck unloading 160,000 tons /yea r  x (2.24 lb / ton )  = 358,000 l b  dus t  
Car unloading 100,000 tons /yea r  x (2.90 l b / t o n )  = 290,000 l b  dus t  
Car loading 200,000 tons /yea r  x (3.16 l b / ton )  = 632,000 l b  d u s t  

1,280,000 

.'. Tota l  p o t e n t i a l  d u s t  emissions = I 1,280,000 lb /year  1 
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Table 14. SUMMARY OF DAILY POTENTIAL DUST EMISSIONS 

D a t e  P e r i o d  Covered 

8f20f73 9:30 a.m.-3:30 p.m. 

9\24/73 9:00 a.m.-3:30 p.m. 

1 O f  22f 73 1O:OO a.m.-6:00 p.m. 

11 / 26 173 8:30 a.m.-4:30 p.m. 

12/3/73 8:30 a.m.-4:00 p.m. 

12f 10173 8:40 a.m.-3:30 p.m. 

- 
IU t a l  Pu L e u  Ligl 

Dust Emissions (lb) 

2,260 

4,651 

3,627 

6,134 

3,676 

4,172 

74 



Hourlv Emissions 

Data on hour ly  p o t e n t i a l  dus t  emissions were a l s o  obtained during 
t h i s  s tudy (see  Appendix D). Again, a sunnnary of t h e  t o t a l  dus t  co l l ec t ed  
f o r  those  I -hr  per iods i s  presented i n  Table  15, exc luding  those i n  which 
t h e  headhouse dus t  c o l l e c t o r  was o u t  of s e r v i c e .  

A s  expected, t h e  hour ly  q u a n t i t i e s  of  d u s t  c o l l e c t e d  show wide v a r i -  
a b i l i t y ,  ranging from 105 l b  up t o  2,960 l b .  T h i s  a t  l e a s t  p a r t i a l l y  r e -  
f l e c t s  t h e  f a c t  t h a t  i n  any p a r t i c u l a r  hour ly  per iod ,  s e v e r a l  systems may 
not be i n  use ,  and t h e  r a t e  a t  which g r a i n  i s  being processed covers a 
broad range. However, the l a r g e s t  va lues  shown i n  Table  15 occurred d u r -  
ing  December, when cold weather was causing improper ope ra t ion  of s e v e r a l  
of t h e  f i l t e r  systems. The r e p r e s e n t a t i v e n e s s  of t h e s e  l a t t e r  va lues  may 
be suspect .  On t h e  o t h e r  hand, t h e  va lues  i n  Table  15 do not inc lude  
emissions from t h e  new house s e c t i o n  of t h e  e l e v a t o r ,  where no dus t  weighers 
were i n s t a l l e d .  I n  s e v e r a l  i n s t a n c e s  t h e  d a t a  do n o t  inc lude  d u s t  generated 
from c e r t a i n  opera t ions  where t h e  f i l t e r s  were plugged o r  otherwise inopera-  
t i v e .  Therefore ,  even though t h e  t o t a l  amount of d u s t  c o l l e c t e d  over each 
hourly per iod covers a broad range,  it probably does t y p i f y  t h e  cha rac t e r -  
i s t i c s  of p o t e n t i a l  dus t  emissions from t h i s  te rmina l  e l e v a t o r  opera t ion .  
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Table 15. SUMMARY OF HOURLY POTENTIAL DUST EMISSIONS 

Date 

8/13/73 

8120173 

8/20/73 

91 24/73 

11/26/73 

11/26/73 

12/3/73 

12/3/73 

12/10/73 

12/10/73 

12/17/73 

121281 73 

12/28/73 

Per iod  Covered 

1:OO-2:00 p.m. 

1:30-2:30 p.m. 

2:30-3:30 p.m. 

1:OO-2:00 p.m.  

8:30-9:30 a.m. 

1:45-2:45 p . m .  

1:OO-2:00 p . m .  

2:OO-3:00 p.m. 

10:OO-11:OO a . m .  

1:OO-2:00 p.m. 

2:OO-3:00 p.m. 

10:30-11:30 a.m.  

2:OO-3:00 p.m. 
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Total P o t e n t i a l  
Dust Emissions (lb) 

373 

371 

228 

629 

1,157 

1,054 

304 

879 

105 

879 

1,421 

2,960 

2,697 



FINAL NOTES 

With t h e  p o s s i b l e  except ion  of hopper-car loading and boxcar unload- 
ing ,  t h e  d u s t - a s p i r a t i o n  systems a t  t h i s  e l e v a t o r  when ope ra t ing  proper ly  
gene ra l ly  provide good c o n t r o l  of dus t  emissions.  However, t h e  f a b r i c  
f i l t e r  systems experience problems t h a t  s e r i o u s l y  hamper t h e i r  e f f e c t i v e  
on - l ine  time. Most such problems a r e  caused by dus t  plugging i n  t h e  dus t  
hopper or t a i l - l i n e  below t h e  f i l t e r ,  or by malfunct ion of t h e  c leaning  
a i r  pu l se  va lves ,  e s p e c i a l l y  during cold weather when mois ture  can f r e e z e  
i n  t h e  h igh-pressure  c leaning  a i r  l i n e s  or pu l se  va lves .  

We the re fo re  r e c m e n d  t h a t  d u s t  hoppers  below t h e  f i l t e r  b a g s  be 
designed t o  minknize plugging, us ing  screw conveyors or o t h e r  means; 
avoiding u s e  of te t rahedron-shaped hoppers.  

We a l s o  s t r o n g l y  r e c m e n d  t h a t  s p e c i a l  a t t e n t i o n  be given t o  p r e -  
vent ing  t h e  p o s s i b i l i t y  of mois ture  f r e e z i n g  i n  t h e  pu l se  va lves  and a i r  
l i n e s .  

Because t h e  d a t a  obtained i n  t h i s  s tudy  r ep resen t  t e s t i n g  a t  on ly  
one te rmina l  e l e v a t o r  handl ing  four  types  of g r a i n ,  comparative d a t a  
should be obtained a t  o t h e r  e l e v a t o r s ,  inc luding  those  t h a t  p rocess  only 
one or two types of g ra in .  

I f  a d d i t i o n a l  t e s t i n g  i s  conducted a t  o t h e r  e l e v a t o r s ,  more ex tens ive  
shor t - te rm test d a t a  shouid be obta ined  t o  determine emission f a c t o r s  as a 
func t ion  of g r a i n  q u a l i t y  a s  w e l l  a s  g r a i n  type.  

F i n a l l y ,  i t  must be emphasized t h a t  a l l  t h e  d a t a  and r e s u l t s  r epor t ed  
i n  t h i s  s tudy were based on amounts of dus t  c o l l e c t e d ,  which i s  not  neces- 
s a r i l y  equiva len t  t o  t h e  amount generated.  Although some of t h e  r e s u l t s  
have been repor ted  as  ”emission f a c t o r s , ”  t h e  use of t h i s  term i s  not  abso- 
l u t e l y  c o n s i s t e n t  wi th  t h e  u sua l  meaning t h a t  denotes amount generated.  
The d i f f e r e n c e  i n  t h e s e  meanings i s  r e l a t e d  t o  t h e  capture  e f f i c i e n c y  of 
t h e  enc losure  or hooding systems t h a t  c o l l e c t  t h e  dus t  as i t  i s  generated 
by t h e  source.  
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Many of t h e  d u s t  sources  t h a t  were the s u b j e c t  of t h i s  s t u d y  were 
f u g i t i v e  type sources  and some d u s t  does escape  cap tu re ,  no tab ly  the c a r  
loading  and unloading opera t ions .  The f i l t e r  systems can c o l l e c t  only 
t h a t  po r t ion  of t h e  generated d u s t  that  i s  captured  by the  a s p i r a t i o n  o r  
hooding systems, assuming t h a t  the  c o l l e c t i o n  e f f i c i e n c y  of the  f a b r i c  
f i l t e r s  i s  g r e a t e r  than 99%. Consequentlv, our r e s u l t s  and repor ted  
"emission f ac to r s "  must be considered conse rva t ive  because they do n o t  
inc lude  any d u s t  t h a t  escaped capture .  I f  any a d d i t i o n a l  t e s t i n g  of t h i s  
i s  conducted, i t  would, of course,  provide more accu ra t e  r e s u l t s  i f  t h e  
t o t a l  amount of d u s t  generated could be determined,  r a t h e r  than j u s t  t h e  
amount co l l ec t ed .  
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APPENDIX A 

WEIGHER CALIBRATION FACTORS 
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Table A-1. CALIBRATIONS - TRUCK UNLOADING 

Number of Total Weight of Calibration Factor 
- Date Counts Dust Collected (lb) Mark 1-1/2/ 

6 / 2 9 / 1 3  50 30.43 

8 / 2 0 / 7 3  65 36.80 

9 / 1 0 / 7 3  4 5  28.50 

1 0 / 2 9 / 7 3  77 58.69 

1 2 / 3 / 7 3  55 56.56 

0.609 

0.566 

0.633 

0.762 

1.028 

- a/ Mark number refers  to  posit ion of counteweight.  
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Table A-2. CALIBRATIONS - CAR UNLOADI>!G 

Date 

6/19/73 

7130173 
7130173 

8/13/73 

10/1/73 

11/19/73 

12/10/73 

12/17/73 

Number of Total Weight of Calibration Factor w count 
Counts Dust Collected (lb) Mark 1-1/25/ Mark 2551 Mark 3a/ 

13 40.50 3.11b/ 

8 20.12 2.52 
22 35.69 1.62 

54 88.31 1.63 

40 

24 

9 

25 

66.06 

36.30 

8.81 0.98 

25.69 1.03 

1.65 

1.51 

- a/ Mark number refers to position of counterweight. 
- b/ First calibration factor was much larger than succeeding factors de- 

termined. We suspect that reason f o r  this was buildup of dust in 
weigher housings, prior to modifications to the bottom of weighers. 
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Table A-3. CALIBRATIONS - CAR LOADING 

- 
Number of  Tota l  Weight of Ca l ib ra t ion  Factor  (c:!nt) 

Mark - Date Counts D u s t  Col lec ted  ( l b )  - 
6/19/73 18 

7130173 2 1  

8 /6 /73  9 

8/27/73 30 

10/1/73 22 

111 12/73 20 

12/10/73 7 

41.69 

32.44 

13.44 

44.06 

31.69 

33.06 

10.38 

2.32k/ 

1.54 

1.49 

1.47 

1.44 

1.65 

1.48 

- a /  Mark number r e f e r s  t o  p o s i t i o n  of counterweight .  
- b /  F i r s t  c a l i b r a t i o n  f a c t o r  w a s  much l a r g e r  than succeeding f a c t o r s .  We 

suggest  t h a t  reason f o r  t h i s  w a s  bui ldup of dus t  i n  weigher housings,  
p r i o r  t o  modi f ica t ions  t o  the  bottoms of  weighers. 
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Table A-4. CALIBRATIONS - CORN CLEANER 

Total Weight of Calibration Factor Number of 
Date Counts Dust Collected (lb) Mark 2 5 1  

8/6/73 13 14.94 1.15 

9lliii3 19 14.20 0.75 

9/24/73 51 45.06 0.88 

12 /10/ 73 12 9.56 0.80 

- a/ Mark number refers to position of counterweight. 
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Table A-5. CALIBRATIONS - GALLERY BELT 

Number of  Total Weight of Calibration Factor 
Date Counts Dust Collected (1bJ Mark 1 / 2 1  

6 / 2 9 / 7 3  8 4.5 0.562 

1 2 / 3 / 7 3  2 1.12 0.562 

a/ Mark number refers  to posit ion of  counterweight. 
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Table A-6. CALIBRATIONS - TUNNEL BELT 

Number of Total Weight of Calibration Factor 
Date Counts Dust Collected (lbl Mark 251 - 

7/23/73 48 62.60 1.30 

8/6/73 21 24.19 1.15 

9 / 4 / 7 3  12 13.56 1.13 

10/8/73 36 26.05 0.73 

lOl22173 57 33.06 0.58 

111261 73 6 3.88 0.65 

12117l 73 15 14.12 0.94 
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TABLE A-7. CALIBRATIONS - HEADHOUSE 

Date 

7/9/73 

7/30/73 
7/30/73 

91241 73 
9/24/73 

10/29/73 

11/5/73 

11/26/73 

1 2 / 2 1 /  73 

- 
Number of 

Counts 

32 

33 
25 

131 
54 

20  

94 

113 

15 

To ta l  Weight of 
D u s t  Col lec ted  ( l b l  

54.08 

17.44 
39.94 

54.20 
81.62 

22.12 

84.12 

89.75 

14.81 

1.69 

0.53 
1.60 

0.41 
1.51 

1.11 

0.895b/ 

0.794 

0.987 

- a /  
- b /  

Mark number refers  t o  p o s i t i o n  of counterweight.  
Ca l ib ra t ion  f a c t o r  i s  lower because d e f l e c t o r  p l a t e  pos i t i on  w a s  

changed t o  minimize p o s s i b i l i t y  of plug-up problems. 
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APPENDIX B 

WEEKLY EMISSION FACTOR DATA 
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truck 
Unlo.dinp 

0.547 

0.678 

0.656 

0.602 

0.554 

0.556 

0.597 

0.567 

0.826 

0.662 

0.671 

0.835 

0.541 

0.249 

0.607 

0.883 

0.771 

0.625 

0.564 

0.829 

0.638 

0.864 

0.395 

1.26 

0.252 

C.rL/ C.& 

0.310 0.263 

Cs I la.&/ 
Bell 

0.014 

0.032 

0.035 

0.126 

0.059 

0.110 

0.l52 

0.088 

0.010 

T"n"el:/ - Belt  - 
Not c a l -  0.801 

cu1.c.d 

2.80 1.349 

2 .80  1.425 

3.75 I. 188 

1.89 1.000 

8.18 0.930 

1.09 O W T  col lecior 
nor operating 

1.76 Dust callrcror 
not  0per.ting 

2.08 0"lf ~ o l l e c t o r  

YceX of 

7/9 /73  

7/16/71 

7/23/71 

7/30/73 

8 /6 /73  

8/11/73 

8/20/73 

8/27/73 

0.440 0.174 

0.437 0.230 

0.3b3 0.116 

0.284 0.185 

1.61 0.173 

0.922 0.lU 

12.95 

4.10 

7.U 

5.68 

Filter plugged 

F i l t er  p lug ied  

ousr c o l l e c t o r  0.213 
not operaring 

mr.c c o l l e c t o r  0.245 
"or op*r.ring 

1.89 0.120 

9 l i l 7 3  

9/10/73 

Not used 
" O t  operaring 

1.6S3 2.76 

9/17/73 

9/24/73 

10/1/71 

1017 and 
10/15/73 

10/22/73 

10/29/71 

11/5/71 

l l l I 2 l 7 3  

l l / l 9 1 7 3  

l l / 2 6 / 7 3  

12/3/73 

l2 / l0 /73  

12/17/73 t o  
12 12 1/73 

l2/21/73 t o  
12/28/73 

IZI28/73 to 
1/7/14 

1.44 0.379 

1.94 0.168 

1.01 0.282 

0.983 0.272 

6.96 

8.82 

4.47 

5.07 

0.052 4.26 

0.100 11.49 

0.084 3.80 

0.030 8.04 

0.048 8.17 

0.093 2.21  

3.029 

1.903 

1.4b4 

1.678 

4.41 

6.40 

0.925 0.201 

D".t COI1LEI.I 0.191 
not operating 

i /  O.ll0 

A/ 0.118 

0.715 0.357 

0.400 

1.60 0.285 

4.51 0.479 

3.80 0.723 

1.469 

0.982 

4.93 

2.15 

r/ 
8.13 

4.01 

_. 
1.79 

1.602 

I.410 

1.W. 

1.939 

2.748 

3.771 

3.514 

0.085 

0.099 4.01 

0.165 1.83 

0.041 2.18 

O.lb1 1.41 

0.164 6.96 

0.137 15.1 

2.76 0.158 5.11 0.239 1.81 5.067 

2 . U  0.100 8.68 3.169 



. 

Table 8-2. UEERLY QUANUTIES OF DUST COLLECTED AND GRAINS PROCESSED 
(Truck Unloading) 

Week 
Jf - 

7!9/73 

7/16/73 

7/23/73 

7/30/73 

8/6/13 

8/13/73 

8/20/73 

8/27/73 

9/4/73 

9/10/73 

9/17/73 

9/24/73 

10/1/73 

1017 and 
10115l73 

10122/73 

10/29/73 

11/5/73 

11/12/73 

11/19/73 

11/26/73 

12/3/73 

12/10/73 

12/17/73 to 
12/21/73 

12/21/73 t o  
12/28/73 

12/28/73 to 
1/7/74 

Dull t 
Col lecred 

(lb) 

2.240 

2,338 

2.362 

2,616 

2,006 

2,446 

2.534 

2.135 

1,648 

1,593 

1,556 

628 

693 

3.178 

5,994 

7.980 

7,359 

4,756 

2,435 

2.740 

1,304 

2,168 

5 64 

1.398 
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Calculated 
Grains Processed (1.000 lb) Emission Faccar 

- C o r n -  SB (lblron) 

2,115 5,848 

1.382 5.027 

813 6,115 

788 7,432 

539 6,119 

1,354 6.358 

782 7.065 

1,105 5,429 

482 3.152 

1.878 2,135 

2,965 2.452 

513 605 

321 1.124 

1,666 4.217 

211 1,310 

160 5,429 

542 7.394 

293 7.735 

435 5,826 

237 5,030 

378 2,255 

383 3,125 

356 1.854 

314 1,459 

303 190 

89 

141 79 8,183 

400 90 6.899 

217 52 7,197 

275 198 8,693 

304 281 7.243 

313 777 8,802 

74 568 8,489 

29 968 7.531 

0 355 3,989 

0 947 4,960 

15 1,174 6.606 

187 200 753 

144 971 2.560 

11,188 8,458 25,529 

12.915 5,319 19,761- 

7.315 5,165' 18.069 

6.089 5.061 19,086 

3.184 4,010 15.222 

853 1.522 8,636 

7 09 630 6,606 

888 567 4,088 

775 734 5,017 

252 399 2.861 

192 253 2,218 

48 196 737 

0.547 

0.678 

0.656 

0.602 

0.554 

0.556 

0.597 

0.567 

0.826 

0.642 

0.471 

0.835 

0.541 

0.249 

0.607 

0.883 

0.771 

0.625 

0.564 

0.829 

0.638 

0.864 

0.395 

1.26 

0.252 



Table 8-3 .  WEEKLY QUbHTITIES OF DUST COLlECIED Mm GRAINS PUOCESSED 
(Car Unloadlngt/) 

Ucek 
of 

7/9/73 

7/16/73 

7/23/73 

7/30/73 

8/b/73 

8/13/73 

8120173 

8/27/73 

9/4/73 

9/10/73 

9/17/73 

9/24/73 

- 

1011/73 

1017 and 
10/15/73 

10/22/73 

10129173 

11/5173 

11112/73 

11/19/73 

11/26/73 

12/3/73 

12110173 

12/17/73 to 
12/21/73 

12/21/73 t o  
12/28/73 

12/28/73 to 
117174 

D".t 
Collected Craln. Proccsmed (1.000 lb) 

Hi10 1or.1 

2,970 14,454 4,476 0 233 19,143 

2,646 10,448 1,2W 0 360 12,012 

2,931 10,710 2.062 0 645 13,417 

1,029 4,326 524 0 813 5,663 

1,004 2,272 0 0 4,804 7,076 

2.383 1.298 318 0 1.306 2,922 

898 285 0 0 1,667 1.952 

- -  (lb) Yhe.r Corn - SB 

h a t  collector system not operable. 

h a t  collector down parr of the reek .  

Calculated 
Emiasron Factor 

(Iblron) 

0.310 

0.44c 

0 . 4 3 7  

0.363 

0.284 

1.43 

0.922 

4. 124 

3.664 

2.623 

2,775 

7,638 

4 287 

- b l  
- b/ 
- b/ 

3,363 

- c l  

4.346 

8.534 

4.385 

1.357 

5.196 

1,314 

3.261 

1.343 

1,799 

1.334 

209 

309 

95 

247 

0 

0 

335 

22k 

273 

223 

474 

275 0 2,775 4.364 1.89 

47 5 0 1.385 5,103 1.44 

112 0 1.252 2,707 1.94 

315 0 3,392 5,506 1.01 

1,326 0 13,296 15,956 0.983 

0 

735 

1.533 

3.079 

4.290 

4.317 

1.112 

2.258 

1,289 

2.645 

2.467 

1.872 

1.159 

6.100 

3,875 

975 

7,767 

5,731 

4.338 

5.531 

3.954 

1.058 

98 

330 

9.265 

9,420 

8.433 

10,729 

9,403 

11,475 

5,420 

3,787 

0.925 

- b /  

- b/ 
- b l  

0.715 

- C I  

1.60 

4 .51  

1.387 0 646 2.306 3.80 

640 0 121 984 2.76 

3.441 0 345 4,240 2.44 

- a /  
- b/ 
- e /  

Car unloading dust collecror system also serve& one of che legs. 
Duet  collector Out of service a11 or part of week; fan m r o r  repairs .  
Covnrcr w i r e  broken on weigher.  
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Table 0-4. USEKLY QUANTITIES OF DUST COLLECTED AND GRAINS PROCESSED 
(Car Loading) 

DUSf 

Wcek Collected 
--.!.EL ai 

i/9!73 

7/16/73 

7/23/73 

7/30/73 

6 , 6 1 7 3  

8;13/73 

8120173 

8/27/73 

9/4/73 

9/10/73 

9/17/73 

9/24/73 

10/1/73 

1017 and 
10/15/73 

10/22/73 

10/?9/73 

11/5/73 

11/12/73 

11/19/73 

11/26/73 

12/3/73 

12/10/73 

12/17/73 t o  
12/21/73 

12/21/73 to 
12/28/73 

12/28/73 t o  

1/7/74 

1,04b 

1,037 

604 

438 

836 

681 

1,195 

950 

1,254 

1.576 

1,124 

1.276 

989 

1,945 

1,054 

1,220 

575 

1,663 

2,005 

2.006 

2,l‘Q 

1,357 

854 

821 

839 

Grain Processed (1.000 lb) 
58 - Whesc CDrn - 

0 7,085 300 560 7,945 

0 5,450 370 6,085 11,905 

495 4,204 180 380 5,259 

5,145 1,280 0 0 6,425 

6.310 1,995 540 190 9,035 

5,410 1,520 360 570 7.860 

0 380 12,960 8,425 4,155 

4.595 3.642 525 168 8,930 

2,942 4.500 0 2,800 10,242 

3.090 6,760 0 0 9.850 

160 5.779 0 0 5,939 

510 5.293 0 1,120 6,923 

1.230 2,983 0 2,800 7,013 

4,980 3,084 720 5,540 14.324 

6,850 

2,000 

2.920 

0 

1,000 

1,400 

1,600 

0 

924 

1.684 

3,725 

3.343 

479 

2.225 

6.038 

168 

1,440 

900 

2,355 

1,440 

0 

1,080 

900 

.2,340 

1,290 

3,788 

8,214 

5.663 

9,261 

5.338 

6,467 

3,158 

10.504 

8,372 

17,214 

10.446 

11.240 

10,043 

15,005 

5,666 

819 890 540 112 2,361 

0 3.752 180 6,435 10,367 

1.120 7.330 1,820 6.449 16,719 

9 1  

Celcuiarrd 
Emission Factor 

(lb/ton) 

0.263 

0.171. 

0.230 

0.116 

0.185 

0.173 

0.184 

0.213 

0.245 

0.320 

0.379 

0,368 

0.282 

0.272 

0,201 

0.291 

0. i10 

0.318 

0.357 

0.400 

0.285 

0.479 

0.723 

0.158 

0,100 



Table 8-5.  YEEKLY QUANTITIES OF DUST COLILCIED AND GRAIN5 PROCESSED 
(Cleaner) 

D".t 

<?I ( l b )  
Week Col lec ted  
- 

7/9 /73  

7/16/71 

7/23/73 

7130173 

8 / 6 / 7 3  

8 /13/73  

8/20/73 

8/27/73 

9 / 4 / 7 3  

9110173 

9/17/73 

9 /24/71  

10/1/73 

10/7 /71  end 
10/15/71 

10/22/71 

10/29/73 

1 1 / 5 / 7 3  

11/12/73 

11/19/73 

11/26/73 

12/3/71 

12/10/73 

12/17/73 t o  
12/21/73 

12/21/73 co 
12/28/73 

12/28/73 t o  
1/7/74 

3.016 

1,135 

564 

358 

511 

833 

1.645 

1.524 

1,065 

278 

480 

5L2 

4 34 

198 

610 

1,017 

0 

109 

1.221 

1.432 

Grain Procemnad (1.000 l b )  
SB 

F l l t e r  Plugged - No Data 
ni l0  - * C o r n  - 

0 467 0 0 b61 

0 5s 0 0 554 

0 152 0 0 152 

0 127 0 0 127 

F i l t e r  Plugged - No Data 

Filter Plugged - No Data 

F i l t e r  P1ugg.d - No Data 
Cleaner Not U*od 

0 369 0 0 369 

0 239 0 0 239 

0 373 0 0 173 

0 682 0 0 682 

0 42 1 0 0 42 1 

0 126 0 0 126 

0 151 0 0 151 

0 220 0 0 220 

0 371 0 0 171 

0 - .I 0 0 - e l  

0 149 0 0 149 

0 5 15 0 0 515 

0 0 0 0 0 

12.95 

L.10 

7.42 

5 .68  

2.76 

6.96 

8.82 

4.47 

5.07 

4.41 

6.40 

4.93 

2.35 

- a/ 

8.11 

4.01 

_ _  

0 122 0 0 122 1.79 

0 478 0 0 478 5.11 

0 329 0 0 129 8.68 

a /  No &iLsion f a c t o r  c a l c u l a t e d  bec.u.e unable t o  determine q u a n t i t y  of grain - 
c leaned .  
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Table 6-6. WEEKLY Q1UNTITIES OF DUST COLLECIFD AM1 GRAINS PKOCESSEO 
(G.llcry B . 1 4  

- 
i I 9 i 7 3  

7 /10/73  

7/23/73 

7 /30/73  

E/6 /73  

8 /13/73  

8,20173 

8i27173 

9:4/73 

9i10173 

9 /17/71  

9/24/73 

10/1 /73  

10/7 /73  LO 
10/15/73 

10/22/73 

10/29/73 

1 1 / 5 / i 3  

11/12/73 

11/19/73 

11/26/73 

12/3/73 

12/10/73 

12/17/73 t o  
12/21/73 

12/21/71 LO 

12/28/73 

12/28/73 LO 

1/7/74 

DYsr 
Col lecred  

( I b l  

82 

17 

b6 

I42 

91 

440 

367 

202 

25 

0 

153 

250 

199 

148 

445 

171 

263 

461 

405 

176 

192 

388 

370 

90 

- b /  

Grain Proceaeed (1,000 l b )  
= C o r n  - SB - M i l 0  

4 ,692 199 0 0 4,891 

938 0 0 120 1,058 

3,203 0 0 540 3.743 

0 1,011 2,246 

0 0 0 3,082 3,082 

0 7,386 0 590 7,976 

0 4,272 0 563 4,835 

0 4.150 0 473 4.593 

0 0 0 4,760 4.760 

0 0 0 0 0 

1,080 0 0 4 ,760  5.8LO 

94 1.141 

129 4.872 0 0 5,001 

0 4,760 0 0 4,760 

1,440 

0 

3,360 

0 

660 

0 

0 

0 

0 

0 

3,640 

0 

0 

4.928 

5.600 

0 

504 

672 

0 

10,200 

0 

1.598 

3bO 

0 

0 

0 

385 

8,422 

4 ,706  

324 

4 ,620  

2,983 

0 

7.931 

560 

3,690 

9.862 

18.546 

3,684 

6.218 

8,931 

5,600 

7.931 

1,064 

4.747 

Calcula ted  
Emirr ion Factor 

(Ibltonl 

0.034 

0.032 

0.035 

0.126 

0.059 

0.110 

0.152 

0.088 

0.010 

_ _  
0.052 

0.100 

0.084 

0.030 

0.048 

0.093 

0.085 

0.099 

0.145 

0.044 

0.361 

0.164 

72 0 1,800 322 2,154 0,337 

183 310 0 261 754 0.239 

- b /  0 0 0 1,680 1,680 

- SI  The g a l l e r y  b e l t  dulit c o l l e e r o r  eerve~ only one hood w h ~ n  grain is fed onto 

- b l  NO emission fLCLor c a l c u l a t e d  because of low d u s t  veighi due LO Lou pressure 
the b e l t .  

in cleaning air tank. 
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Table 8-7. WEEKLY QUANTITIES OF DUST COL 
(Tunnel 8 e l t ) i  

CTED AND GRAINS PROCESSED 4“ 

D”.t 

(lb) 
week Collected 
of 

7/9/73 

7/16/73 

- 

7/23/73 

7130173 

8/61?) 

8/13/73 

0 /20/7 3 

8/27/73 

9/4/73 

9/10/13 

9/17/73 

9/24/73 

10/1/73 

1017 and 
10/15/73 

10/22/73 

10/?9/73 

11/5/73 

11/12/73 

11/19/73 

11/26/73 

12/3/73 

12/10/73 

12/17/73 t o  

12/21/73 

12/21/73 LO 

12/28/73 

12/28/73 co 

1/7/74 

2.685 

3,995 

1,889 

2 * 244 

1.509 

3,031 

2.326 

4,535 

3,800 

3,696 

3,109 

5.363 

3,295 

4.452 

3.405 

2,210 

- b/ 
3,879 

3,253 

2 ~ 904 

3,042 

7,905 

2.498 

4,167 

2,791 

*est 

116 

663 

1,068 

101 

1,560 

171 

- 

3.938 

1,634 

524 

150 

1,080 

0 

600 

0 

0 

0 

0 

0 

0 

0 

520 

0 

246 

0 

60 

0 

162 

78 

1,094 

0 

0 

0 

3,175 

0 

0 

381 

701 

407 

0 

0 

200 

100 

224 

0 

0 

514 

0 

0 

450 

70 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

936 

0 

0 

0 

28 142 

2,027 2,852 

285 1,431 

a 1.195 

38 1.598 

570 7L1 

342 4,280 

358 5.167 

3,136 3,660 

0 150 

0 1.461 

336 1,037 

727 1.734 

1.108 1.108 

813 813 

1.798 1.998 

2,737 2.837 

1,699 1.923 

3,560 3,560 

2,669 2,669 

3,205 4,239 

2,250 3.186 

84 330 

4.167 4,b17 

7,487 7,617 

ca 1 C Y  1s red!/ 
Emission Facloi  

r I b /  ton) 

S I  N D ~  Caiculared-  

2,8011 

2.64dl 

3 .75*1  

1.89” 

a /  8.18- 

1.09 

1.76 

2.08 

Not C#lculated?/ 

4.26 

11.49 

2.80 

8.04 

8.31 

2.21 

- b l  

4.03 

1.83 

2.18 

1.43 

4.96 

1.81 

a /  T l ~ c  cmirrinn factor values may be h i g h  and show large variation because 
dust is continually collected from one leg, even thotlgh little or go 

arsio may he m o w 6  rhrouylr Lhe runnel belt. 

- 

i/ 
51 

llu emirelon f a c t o r  could be calculated because fllter “(18 plugged. 
Emission fac tor  not celculeted because fan wall out of service for p a r t  of week 
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Table 6-6. WEEKLY QUANTITIES OF DUST COLLECTED AND GRAINS PROCESSED 
(Headhouse) 

Week 
of 

7/9/73 

7/16/73 

7/23/73 

7/30/ 73 

8/6/73 

8/13/73 

8120173  

8/27/73 

9/4/73 

9/10/73 

9/17/13 

9/24/73 

- 

10/1/73 

1017 and 
10/15/73 

10/22/ 13 

10/29/73 

11/5/73 

11/12/73, 

11/19/73 

11/26/73 

12/3/73 

12/10/73 

Dust 
Collected 

(lb) 
Grain Processed (1,000 lb) 

Milo Total 

15,b27 19,067 18,501 L41 872 38,881 

24,649 11,004 12,226 770 6,535 36.535 

20,287 14.378 12,628 397 1,077 28,480 

16,246 15,073 10,996 275 1.011 27,355 

11.680 9,121 8,114 844 5.275 23.354 

14,142 10,212 16,865 673 2.653 30,403 

Dust collection syatsm not operating. 

h m t  collection aystsm not operating. 

Dust collection syatem MC operating. 

- -  SB - meat - Corn - 

21,894 7,662 

43,453 11,186 

16.039 2,366 

16,639 3,950 

53,150 9,492 

40,347 7.276 

20,813 8.409 

39.162 3,557 

31,821 1.284 

27,579 1,435 

33,346 1,637 

37,167 3,213 

44,138 607 

12/17/73 to 
12/21/73 24,063 1,448 

12/21/73 to 
12/28/73 42,323 537 

12/28/73 to 
1/7/74 38.623 1,897 

15.106 0 3,722 26,490 

9.940 15 7,543 28.692 

11,398 187 2.908 16.859 

10,069 144 8.563 22,726 

8,995 11.908 32.944 63,339 

6,045 25,844 

8.160 10.860 

12,752 11,811 

19.309 6,856 

16,695 2,012 

11,684 7,889 

10.485 5,663 

9,471 4,090 

15.776 54,941 

14.964 42,393 

20.749 48,869 

17,724 45,173 

15,577 35,719 

13,186 34,396 

7,692 27,053 

9,206 23,374 

6,259 2,592 3,397 13,696 

8.035 372 7,761 16,705 

11,941 1.868 8,670 24,376 

95 

calculatei 
Emission Factor 

(lb/CO") 

0.804 

1.349 

1.425 

1.188 

1,000 

0.930 

_ _  
- _  
-- 
1.653 

3.029 

1.903 

1.464 

1.678 

1.469 

0.982 

1.602 

1.410 

1.544 

1.939 

2.748 

3.777 

3.514 

5.067 

3.169 



Table C - 1 .  DAILY EMISSION DATA 

Date: 8/13/73 

Dust Collected - ( lb)  
9:30a.m.- 1:00 p.m.- 
1 : O O p . m .  3:OO p . m .  T y D e  of  Grains Processed 

Truck unloading 114.7 55.5 Mostly corn,  some wheat 

Car unloading 208.6 252.7 Mostly milo,  some wheat 

Car loading Not opera t ing  _ -  
Corn cleaner  Plugged - -  

Gallery b e l t  36.4 1.1 Milo 

Tunnel b e l t  Not opera t ing  -- 

Headhouses 961.6 363.2 Corn, milo and wheat 



Table C-2. DAILY EMISSION DATA 

Date:  8/20/73 

Dust Co l l ec ted  - (lb) 
9:30 a . m . -  1 : 3 0  p.m.- 

1:30  p.m. 3:30 p.m.  Twe of Grain Processed 

Truck unloading 

Car unloading 

Car loading 

Corn c leaner  

Gal lery  b e l t  

Tunnel b e l t  

Headhouse 

204 .1  

207 .0  

6 5 . 6  

Plugged 

8 7 . 9  

150 .6  

8 4 3 . 2  

110 .6  Mostly corn, some wheat, 
soybean, mi lo  

1 3 3 . 7  Mostly mi lo ,  some wheat 

2 9 . 8  Wheat 

1.1 Milo 

5 5 . 2  Wheat 

3 7 4 . 4  Corn, mi lo  and wheat 
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Table C-3. DAILY EMISSION DATA 

Date: 8/27/73 

Truck unloading 

Car unloading 

Car loading 

Corn cleaner 

Gallery b e l t  

Tunnel b e l t  

Headhouse 

Dust Collected - (lb) 
9:00 a.m. - 3:30 p.m. 

347 

Not in  operat ion 

123 

Plugged 

Not i n  operat ion 

176 

Dust c o l l e c t o r  not 
operat ing 

Type of Grains Processed 

Mostly corn 

Corn and wheat 

Wheat 
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Table C-4. DAILY EMISSIOK DATA 

Truck unloading. 

Car unloading 

Car loading 

Corn c l eane r  

Gal lery b e l t  

Tunnel b e l t  

Headhouse 

Date: 9/10/73 

D u s t  Collected (Ib) 
9:00 a.m. - 4 : O O  u.m.- Wpes of Grain Processed . a1 

412.7 Mostly corn, some wheat 
and milo 

19.6 No c a r s  unloaded 

470.4 Milo and corn 

Not i n  ope ra t ion  

Not i n  ope ra t ion  

497.2 No g r a i n  moved on t h e  b e l t  

Dust c o l l e c t o r  ou t  of s e r v i c e  

~~ _____ 

- a /  Mid-day q u a n t i t i e s  of d u s t  c o l l e c t e d  were not  determined. 
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Table C-5 .  DAILY EMISSION DATA 

Truck unloading 

Car unloading 

Car loading 

Corn c l eane r  

Gal lery be l t  

Tunnel b e l t  

Headhouse 

Date: 9/24/73 

Dust Col lec ted  ( l b )  
9:00 a.m.- 1:00 p.m.-  
1:00 p.m.  3:30 o.m. 

164.0 34.0 

130.4 353.7 

296.9 0 

151.4 0 

Not i n  ope ra t ion  

Not i n  ope ra t ion  

3,061 460 

Type of Grain Processed 

Corn, wheat and milo 

Wheat and milo 

Corn only 

Corn only 

Corn, wheat and m i l o  
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Table C-6.  DAILY EMISSION DATA 

Date: 10122173 

a t  Dust Col lected (1b)- 
1O:OO a.m. - 6:00 p . m .  Type of Grain Processed 

- 
.rrucic unioaaing 4 1 b  Milo, soybean, and corn 

Car unloading Not i n  opera t ion  

Car loading 153 Wheat and milo 

Corn c leaner  Not i n  opera t ion  

Gal lery b e l t  Not i n  opera t ion  

Tunnel b e l t  6 4 4  

Headhouse 2,414 

Wheat and milo 

Milo, soybean, and corn 

&I Not a b l e  t o  o b t a i n  mid-day readings.  
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1 
5 
1 
3 
1 
3 
1 
1 
1 
i 
1 
7 
J 
I 
1 
I 
1 
I 
I 

Table C-7 .  DAILY EMISSION DATA 

Truck unloading 

Car unloading 

Car loading 

Corn c leaner  

Gal lery b e l t  

Tunnel b e l t  

Headhouse 

Date: 10/29/73 

Dust Col lected ( l b )  
8:15 a . m . -  1 :30 p.m.- 
1:30 p.m. 5:15 P.m. 

494 356 

978 38 1 

69 56 

Not i n  opera t ion  

Not in opera t ion  

758 2 

Type of Grain Processed 

Milo, soybean, and corn 

Milo and soybean (hoppers 
and boxcars) 

Wheat--mostly hopper cars 

No g r a i n  moved on tunnel  
b e l t ,  d u s t  c o l l e c t e d  
from l e g  

No readings because of  low c leaning  
a i r  p res su re  on f i l t e r .  
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Tabls  C-8. DAILY EMISSION DATA 

Date: 11/26/73 

Dust Col lected (lb) 
8:30 a.m.- 1:45 p.m.- 
1:45 p.m. 4:30 p.m. 

Truck unloading 37 6 141 

Car unloading 36 338 

Car loading 

Corn c leaner  

Gal le ry  b e l t  

Tunnel b e l t  

668 

149 

139 

5 

Not i n  opera t ion  

315 5 34 

Headhouse 4,240 ( t o t a l )  

t 
c 
I: 
1 
r 

Type of Grain Processed I 

Corn, mi lo ,  SB, wheat 

Milo,  corn 

Milo 

Corn 

_ _  

Milo 

c 
r 
II 

Corn, m i l n ,  vheat, SB 

II 
[I 

I: 
I 

c 
r- 
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- 1 
3 
3 
4 
3 
3 

i i 

Table C-9. DAILY EMISSION DATA 

Date: 12 /3 /73  

Dust Col lec ted  (lb) 
8:25 a.m.- 1:00 p.m.- 
1:00 p.m. 4:OO p.m. Type of  Grain Processed 

Truck unloading 283 156 Corn, milo,  SB 

Car unloading No readings  - c o u n t e w i r e  broken on weigher 

Car loading 

Corn c leaner  

Gal lery b e l t  

Tunnel b e l t  

Headhouse 

Not i n  ope ra t ion  

Not i n  ope ra t ion  

64 24 Milo 

Not i n  ope ra t ion  

1,634 1,515 Milo, corn,  SB 



I 
L 

Table C-10. DAILY EHISSION DATA 

Date: 12/10/73 

Dust Collected (lb) 
8 : 4 0  a.m.- 1:OO p.m.- 
1:00 p.m. 3:30 p.m. 

Truck unloading “451 N A d  

Car unloading NASI 

Car loading 154 7 5  

Corn cleaner N A d  

Gallery belt 34 0 

Tunnel belt 34 1 

Headhouse 1,894 1,980 

Type of Grains Processed 

Corn, SB, wheat and milo 

Corn and milo 

Milo and corn 

Corn 

Milo and wheat 

Milo 

Milo, wheat, Corn and SB 

- a/ Filter not operating properly; low cleaning air pressure. 

L r 

i 
i 

i 
L 

I. 
i 

I -  
1. 
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Table C-11. DAILY EMISSION DATA 

Truck .unloading 

Car unloading 

Car loading 

Corn cleaner 

Gallery belt 

Tunnel belt 

Headhouse 

Date: 12/17/73 

Dust Collected (lb) 
8:30 a.m.- 12:OO - 
12:oo 4 : O O  p.m. 

N A d  516 

0 836 

440 0 

0 0 

0 40 

45 0 

WZ’ 2,677 

Tvpe of Grains Processed 

Corn, wheat, milo and SB 

Corn 

SB 

Not in OF 

Milo 

SB 

ratio 1 

Corn, milo, SB and wheat 

~~ 

- a/ Filter not operating properly; lord cleaning air pressure. 
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Table D - 1 .  HOURLY EMISSION DATA 

Date: 8\13/73 

Dust Col lected - ( lb )  
1 :00  p . m .  - 2 :OO p . m .  Type o f  Grain Processed 

Truck unloading 37.0 Corn 

Car unloading 153.2 Milo 

Car loading Not i n  ope ra t ion  

Corn c l eane r  Plugged 

Gal lery b e l t  Not in o p e r a t i o n  

Tunnel b e l t  Not i n  o p e r a t i o n  

Headhous e 182.4 Corn, milo,  and wheat 
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Table D-2. HOURLY EMISSION DATA 

Date: 0/20/73 

Truck unloading 

Car unloading 

Car load ing  

Corn c l e a n e r  

G a l l e r y  b e l t  

Tunnel b e l t  

Headhouse 

Dust C o l l e c t e d  - ( l b )  
1 : 3 0  p.m. - 2:30  p.m. 

6 7 . 8  

Not i n  o p e r a t i o n  

2 5 . 3  

Not i n  o p e r a t i o n  

Not i n  operat ion  

3 6 . 8  

241 .6  

Type of  Grain Processed 

Mostly corn 

Wheat on ly  

Wheat on ly  

Corn and wheat 
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Truck unloading 

Car unloading 

Car loading 

Corn cleaner  

Gal lery b e l t  

Tunnel b e l t  

Table D-3. HOURLY EMISSION DATA 

Date: 8/20/73 

Dust Col lected - ( l b )  
2:30 p . m .  - 3:30 P.D.  

42.8 

133.7 

Type o f  Grain Processed 

Mostly corn 

Milo 

Headtouse 

Not i n  o p e r a t i o n  

Not i n  ope ra t ion  

Not i n  ope ra t ion  

18 .4  

132.8 

No g r a i n  processed, bu t  ge t -  
t i n g  dus t  from e l e v a t o r  l e g  

Corn and milo 
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Table D-4 .  HOURLY EMISSION DATA 

Truck unloading 

Car unloading 

Car loading 

Corn c l eane r  

Gal lery b e l t  

Tunnel b e l t  

Headhouse 

Date: 9/10/73 

Dust Col lected ( l b )  
, . Y Y  a.m. - L u : " u  a.m. - iype  of Grain Processed n.nn 1_~.-.?. . 

86.3 Mostly corn 

Not i n  ope ra t ion  

50.0 Milo only,  hopper c a r s  

Not i n  ope ra t ion  

Not i n  opera t ion  

56.5 No g r a i n  moved on b e l t  

Dust c o l l e c t o r  ou t  o f  s e r v i c e  
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Table D-5. HOURLY EMISSION DATA 

Truck unloading 

Car unloading 

Car loading 

Corn cleaner 

Gallery b e l t  

Tunnel b e l t  

Headhouse 

Date: 91 241 7 3  

Dust Collected (lb) 
1:OO p . m .  - 2:OO p.m. Type o f  Grain Processed 

1 2  Corn and milo 

194 Milo and wheat 

Not i n  operation 

Not i n  operation 

Not i n  operation 

51 

37 2 

No grain moved on b e l t  

Corn, milo and wheat 
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Table D-6 .  HOURLY EMISSION DATA 

Date: 10/29/73 

Truck unloading 

Car unloading 

Car loading 

Corn c leaner  

Gal le ry  b e l t  

Tunnel b e l t  

Headhouse 

Dust Col lected (lb) 
1:30 P.m. - 2:30 p.m. Type of Grain Processed 

137 Soybean and milo 

97 Milo (hoppers and boxcars) 

33 Wheat (hopper cars )  

Not i n  opera t ion  

Not i n  opera t ion  

1 No g r a i n  moved on b e l t  

No readings  because of IC? c leaning  
a i r  p res su re  on f i l t e r  
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Table D-7 .  HOURLY EMISSION DATA 

Date: 111 26/73 

Truck unloading 

Dust Co l l ec t ed  ( l b )  
8 : 3 0  a . m .  - 9:30 a . m .  Tvpe of Grain Processed 

85 Milo, corn ,  wheat 

Car unloading Not i n  ope ra t ion  

Car loading 205 

Corn c l eane r  Not i n  o p e r a t i o n  

Gal le ry  b e l t  

Tunnel b e l t  

Not i n  ope ra t ion  

129 

Headhouse 7 38 

M i  lo 

M i l o  

Corn, wheat, milo 
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Table D-8. HOURLY EMISSION DATA 

Date: 1 1 / 2 6 / 7 3  

Dust Col lected ( l b )  
1:45  p.m. - 2 : 4 5  p .m.  TyDe of Grain Processed 

Truck unloading 68 SB, corn, wheat 

Car unloading Not i n  ope ra t ion  

Car loading 109 Milo 

Corn c leaner  4 Corn 

Gal le ry  b e l t  Not i n  ope ra t ion  

Tunnel b e l t  Not i n  o p e r a t i o n  

Xeaadhou s e 873 SB, corn,  w'mac, milo 
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Table D - 9 .  HOUKiY EMISSION DATA 

Date: 12/3/73 

Truck unloading 

Car unloading 

Car loading 

Corn c leaner  

Gal le ry  b e l t  

Tunnel b e l t  

Headhouse 

Dust Col lec ted  (lb) 
1:00 p.m. - 2:OO p.m. 

29 

Tvpe of Grain Processed 

Milo, corn 

Counter-wire broken on weigher 

Nat i n  opera t ion  

Not  in opera t ion  

Not in opera t ion  

Not i n  opera t ion  

275 Milo, corn 
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Table D-10. HOURLY EMISSION DATA 

Date: 12 /3 /73  

Dust Col lec ted  ( l b )  
2 :OO p.m. - 3:OO p.m. 

Truck unloading 56 

Car unloading Counter-wire broken on w e i g h e r  

Car loading Not i n  ope ra t ion  

Corn c leaner  

Gal le ry  b e l t  

Tunnel b e l t  

Headhouse 

Not i n  ope ra t ion  

22 

?lot i n  opera t ion  

801 

118 

Tvpe of Grain Processed 

Milo, corn 

Milo 

Milo,  corn 



Table D-11. HOURLY EMISSION DATA 

Date: 12/10/73 

Dus t  Collected (lb) 
1O:OO a.m. - 11:OO a.m. 

Truck unloading N A d  

Car unloading 

Car loading 

Corn cleaner 

Gallery belt 

Tunnel belt 

Headhouse 

0 

34 

0 

0 

NAZI 

71 

Type of Grain processed 

Corn, SB, wheat, and milo 

Not in operation 

Milo  

Not in operation 

Not in operation 

Milo 

Milo, corn, SB and wheat 

- a/ Filter no t  operating properly; low cleaning air pressure. 
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Table D-12. HOURLY EMISSION DATA 

Truck unloading 

Car unloading 

Car loading 

Corn cleaner 

Gallery belt 

Tunnel belt 

Headhouse 

Date: 12/10/73 

Dust Collected (Ib) 
1:OO p.m. - 2:OO p.m. Type of Grain Processed 

Corn, SB, wheat and milo 

_-  
Corn 

Corn 

Eot  in operation 

Not in operation 

Corn, SE, wheat and milo 

51 Filter not operating properly; low cleaning air pressure. 
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Table D-13. HOURLY EMISSION 9ATA 

Date: 12/17/73 

Dust Collected (lb) 
11:OO a.m. - 12:OO Type of Grains Processed 

Truck unloading e/ Corn, milo and wheat 

Car un1oadir.g 0 Not in operation 

Car loading 59 SB 

Corn cleaner 0 Not in operation 

Gallery belt 

Tunnel belt 

0 

25 

Headhouse Ne/ 

Not in operation 

SB 

- a/ Filter not operating properly; low cleaning air pressure. 
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Table D-14. HOURLY EMISSION DATA 

Truck unloading 

Car unloading 

Car loading 

Corn cleaner 

Gallery belt 

Tunnel belt 

Headhouse 

Date: 12/17/73 

Du5t Collected (lb) 
2:OO p.m. - 3:OO p.m. 

125 

162 

0 

0 

0 

0 

1,134 

TyDe of Grain Processed 

Corn, wheat, milo and SB 

Corn 

Not in operation 

Not in operation 

Not in operation 

Not in operation 

Corn, wheat, milo and SB 
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Truck unloading 

Car unloading 

Car loading 

Corn cleaner  

Ga l l e ry  b e l t  

Tunnel b e l t  

Headhouse 

Table D - 1 5 .  HOURLY EMISSION DATA 

Date: 12/28/73 

Dust C o l l e c t e d  ( l b )  
10:30 a . m .  - 11:30 a.m.  

43 

0 

157 

0 

0 

, 526 

2,234 

Type  of Grains Processed 

Corn and milo 

Not i n  o p e r a t i o n  

M i  l o  

Not i n  o p e r a t i o n  

Not i n  o p e r a t i o n  

Milo 

Milo and corn 
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Table 5-16. HOURLY EMISSION DATA 

Date: 12 /28 /73  

Truck unloading 

Car unloading 

Car loading 

Corn c l e a n e r  

G a l l e r y  b e l t  

Tunnel b e l t  

10 

0 

NAZI 

0 

0 

219 

Headhouse 

- a /  F i l t e r  

2,468 

n3t opera t iong  p rope r ly ;  1 ow 

124 

Corn 

Not i n  ope ra t ion  

M i  l o  

Nor i n  ope ra t ion  

Not i n  ope ra t ion  

Milo 

Corn and milo 

c l e a n i n g  a i r  pressure.  
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Midwest Research I n s t i t u t e  
425 Volker Boulevard 68-02-0228,Task No. 24 

A program was conducted a t  a terminal  e l e v a t o r  i n  Kansas Ci ty  t o  ob ta in  information or 
f i l t e r  systems a s soc ia t ed  wi th  s p e c i f i c  the q u a n t i t y  of d u s t  c o l l e c t e d  by each of seven 

opera t ions  i n  the  e l e v a t o r .  

weighers i n s t a l l e d  on the  dus t  chutes  from each f i l t e r  t o  cont inuously monitor t h e  amou~ 
of d u s t  being discharged.  Readings were taken on t h e  mechanical weighers once each week 
and the  amount of each type of g r a i n  processed by the seven grain-handl ing ope ra t ions  wa 
obtained from the  e l e v a t o r  ope ra t ing  records  f o r  t h e  corresponding weekly per iod .  Long- 
term (weekly) composite emission f a c t o r s  were c a l c u l a t e d  f o r  each opera t ion .  

I n  a d d i t i o n  t o  determining long-term emission f a c t o r s ,  the weighers were a l s o  used t o  
obta in  shor t - te rm emission d a t a  s o  t h a t  emission f a c t o r s  could be c a l c u l a t e d  according 
t o  g r a i n  type and g r a i n  q u a l i t y ,  and t o  c h a r a c t e r i z e  the  t o t a l  p o t e n t i a l  d u s t  emissions 
from the e l e v a t o r  on a weekly, d a i l y ,  and hour ly  b a s i s .  Average emission f a c t o r s  were 
used t o  compute cumulative emission f a c t o r s  t h a t  can be used t o  p r o j e c t  p o t e n t i a l  d u s t  
emissions from a te rmina l  e l e v a t o r  on the b a s i s  of the  amount of  g r a i n  handled. 

Determination of t h e  amount of dus t  c o l l e c t e d  by each system was made by mechanical 
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