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PREFACE 

Midwest Research I n s t i t u t e  has  c a r r i e d  o u t  a s tudy f o r  t h e  Div i s ion  
of S t a t i o n a r y  Source Enforcement, Environmental P r o t e c t i o n  Agency, t o  review 
p r e s e n t l y  e x i s t i n g  compliance monitor ing programs a s  they r e l a t e  t o  g r a i n  
e l e v a t o r s  and t o  develop a l t e r n a t i v e  s t r a t e g i e s  f o r  monitor ing t h i s  i ndus t ry .  

This  r e p o r t  p r e s e n t s  t h e  r e s u l t s  of t h e  s tudy  inc lud ing  c h a r a c t e r i s -  

1-1 . 
' t i c s  o f  the  g r a i n  e l e v a t o r  i ndus t ry ,  and emissions t h e r e o f ,  S I P  review, and 

the  development and d i scuss ion  o f  a more s t reaml ined  enforcement s t r a t e g y .  I 
M r .  V. Ramanathan, Associate  Chemical Engineer,  Energy Systems Sec t ion ,  

served as  t h e  P r o j e c t  Leader, and M r .  D .  Wallace, Assoc ia te  Environmental is t ,  
con t r ibu ted  s i g n i f i c a n t l y  t o  t h e  task.  The a s s i s t a n c e  provided by D r .  K. P .  
Ananth and M r .  P. Goman and t h e  va luab le  guidance o f f e r e d  by t h e  Task Manager, 
Mr. Robert L. King, throughout the  p r o j e c t  a r e  g r a t e f u l l y  acknowledged. 

1 (&proved for: 
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I' 
M. P. Schrag, D i r e c t o r  c Environmental Systems Depar 
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SECTION 1 

INTRODUCTION 

BACKGROUND 

1. This  s tudy  was conducted t o  e v a l u a t e  the  problems a s s o c i a t e d  wi th  con- 
p l i a n c e  monitor ing of g r a i n  e l e v a t o r s  and t o  examine a l t e r n a t e  i n s p e c t i o n  
and monitor ing s t r a t e g i e s  t h a t  s t a t e  and l o c a l  agencies  might u t i l i z e  i n  
ef l forcing compliance i n ' g r a i n  e l e v a t o r s .  The p a r t i c u l a r  o b j e c t i v e s  of the  
program were to :  ( a )  c h a r a c t e r i z e  t h e  i n d u s t r y  with r e s p e c t  t o  number and 
l o c a t i o n  of f a c i l i t i e s ,  emissions p o t e n t i a l ,  and emissions c o n t r o l  tech-  
nology, ( b )  review c u r r e n t  s t a t u s  of  compliance monitor ing,  and ( c )  recom- 
mend a l t e r n a t e  monitor ing s t r a t e g i e s  which could p o t e n t i a l l y  reduce t h e  
resource  requirements  f o r  t h e  i n s p e c t i o n  o f  g r a i n  e l e v a t o r s .  

Although the  s tudy  i s  d i r e c t e d  s p e c i f i c a l l y  a t  compliance monitor ing a t  
g r a i n  e l e v a t o r s ,  i t  i s  a n t i c i p a t e d  t h a t  the  development process  and monitor ing 

\ s t r a t e g i e s  would be a p i l o t  model f o r  s i m i l a r  source c a t e g o r i e s .  

New ,Source Performance Standards (NSPS) f o r  new, modif ied,  and recon- 
s t r u c t e d  g r a i n  e l e v a t o r s  have been promulgated under t h e  a u t h o r i t y  of Sec- 
t i o n  111 of  t h e  Clean A i r  A c t l '  The promulgated NSPS apply only to  those  
l a r g e  g r a i n  e l e v a t o r s  with s t o r a g e  c a p a c i t y  g r e a t e r  than 2.5 m i l l i o n  bushe ls  
and which began c o n s t r u c t i o n  o r  mod i f i ca t ion  a f t e r  August 3 ,  1978. Less 
than 5% of t h e  approximately 10,000 e l e v a t o r s  ope ra t ing  i n  t h e  U.S. f a l l  
under t h e  above s i z e  c l a s s i f i c a t i o n s .  The remaining f a c i l i t i e s  a r e  r egu la t ed  
by s t a t e  and l o c a l  agencies .  

Enforcement of r e g u l a t i o n s  i s  a l a r g e  burden t o  s ta te  and l o c a l  agencies .  
Fac tors  such as t h e  l a r g e  v a r i a t i o n  i n  t h e  s i z e s  of  i n d i v i d u a l  f a c i l i t i e s  
and widespread geographica l  d i s p e r s i o n  have made development and conduct of 
a monitor ing s t r a t e g y  d i f f i c u l t .  The f u g i t i v e  and i n t e r m i t t e n t  n a t u r e  of 
g r a i n  e l e v a t o r  emissions and r e s t r i c t i o n s  imposed by some s t a t e  l e g i s l a t u r e s  
have l e d  t o  d i f f i c u l t i e s  i n  apply ing  r e g u l a t i o n s  t o  g r a i n  e l e v a t o r s .  

1 



.An a d d i t i o n a l  f a c t o r  t h a t  imposes a burden on t h e  s t a t e  enforcement and 
monitor ing personnel  f rom t h e  s t andpo in t  of  manpower and schedul ing l imi t a -  
t i o n s  i s  t h e  c y c l i c  n a t u r e  of  g r a i n  product ion .  Grain e l e v a t o r s  handle  peak 
loads  dur ing  h a r v e s t  season,  which l a s t s  on ly  f o r  a p e r i o d  of  about  3 t o  
Ir weeks. I n s p e c t i n g  a l l  t h e  g r a i n  e l e v a t o r s  i n  the  s t a t e  when they a r e  op- 
e r a t i n g  a t  t h e i r  c a p a c i t y  l e v e l  imposes a burden on manpower and c o s t  r equ i r e -  
ments bo th  f o r  t h e  i n s p e c t i o n  crew of  t h e  r e g u l a t o r y  agency and t h e  e l e v a t o r  
opera t o r .  

I 

3 Another concern r e s u l t s  from t h e  r e c e n t  explos ions  i n  g r a i n  e l e v a t o r s  
and the r e s u l t a n t  l o s s  of l i v e s  and p r o p e r t y .  
e r a t e d  cons ide rab le  concern wi th  r e s p e c t  t o  any ope ra t ion  where g r a i n  d u s t  
i s  gene ra t ed  and, i n  p a r t i c u l a r ,  conta ined .  The explos ions  have l e d  f e d e r a l ,  
s t a t e ,  and l o c a l  r e g u l a t o r y  agencies  t o  review t h e  dus t  c o n t r o l  measures. 

These explos ions  have gen- 

I 

The above f a c t o r s  have prompted t h e  EPA-DSSE t o  i s s u e  t h e  s u b j e c t  t a sk  
assignment f o r  a comprehensive review of  f e d e r a l ,  s t a t e ,  and l o c a l  agency 
enforcement a c t i v i t i e s  wi th  r e spec t  t o  g r a i n  e l e v a t o r s  and develop a l t e r n a -  
t i v e  compliance monitor ing s t r a t e g i e s .  

SCOPE AND APPKOACH 1 A g r a i n  e l e v a t o r  can be de f ined  a s  a f a c i l i t y  which s t o r e s  g r a i n  and 
se rves  a s  a c o l l e c t i o n  and t r a n s f e r  p o i n t .  For  the  purpose of t h i s  s tudy,  
g r a i n  e l e v a t o r s  of a l l  s i z e s  a r e  included--ranging from small  count ry  
e l e v a t o r s  t o  fa rmers '  co-opera t ive  e l e v a t o r s  t o  l a r g e  c i t y  t e rmina l  and 
expor t  t e rmina l  e l e v a t o r s .  The ope ra t ions  cons ide red  inc lude  only  g r a i n  
r ece iv ing ,  s t o r a g e ,  shipment,  and, i n  some c a s e s ,  g r a i n  s c a l p i n g  and drying.  
For example, a seed p l a n t ,  which n o t  on ly  s t o r e s  and handles  g r a i n ,  bu t  
a l s o  c l eans ,  s o r t s ,  and t r e a t s  i t  f o r  making seed,  was n o t  considered.  A l s o  
excluded a r e  feed  m i l l s ,  g r a i d r i c e  m i l l i n g  p l a n t s ,  and f l o u r  m i l l s ,  even 
though t h e i r  ope ra t ions  inc lude  s t o r a g e  and t r a n s f e r .  

The geographic  a r e a  cons idered  t h e o r e t i c a l l y  inc ludes  t h e  e n t i r e  United 
S t a t e s .  The c h a r a c t e r i z a t i o n  of  i n d u s t r y  and development o f  a l t e r n a t i v e  s t r a -  
tegy a r e  a p p l i c a b l e  t o  a l l  g r a i n  e l e v a t o r s  i n  g e n e r a l ,  i r r e s p e c t i v e  of geogra- 
ph ic  loca t ion .  A s  f o r  t h e  review of SIP'S, i n  o r d e r  t o  o b t a i n  a broad c ross -  
s e c t i o n  of  s t a t e  r e g u l a t i o n s ,  t h e  s t a t e  having t h e  most g r a i n  e l e v a t o r s  i n  
each of  n ine  EPA r eg ions  was s e l e c t e d  f o r  review. Region I was not  inc luded  
s i n c e  i t  h a s  very  few g r a i n  e l eva to r s .  In Region V I 1  the  r e g u l a t i o n s  were 
reviewed f o r  Nebraska and Iowa, i n  a d d i t i o n  t o  Kansas, because of t h e  l a r g e  
number of e l e v a t o r s  i n  t h e s e  s t a t e s .  

The program was d iv ided  into f o u r  major phases .  The f i r s t  phase in-  
volved c o l l e c t i o n  of  in format ion  from l i t e r a t u r e ,  i n d u s t r y ,  and government 
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agency sources  t o  c h a r a c t e r i z e  t h e  g r a i n  e l e v a t o r  i n d u s t r y ,  d u s t  emissions 
from e l e v a t o r  ope ra t ions ,  and t h e i r  d u s t  c o n t r o l  a spec t s .  The second phase 
focused on a comprehensive review o f  t h e  SIP'S of  the  s e l e c t e d  s t a t e s ,  in -  
c luding t h e i r  c u r r e n t  enforcement s t r a t e g y  and compliance monitor ing pro- 
grams. The t h i r d  phase of  t h e  s tudy was t h e  development of  an a l t e r n a t i v e  
s t r a t e g y  f o r  enforcement and f o r  moni tor ing  t h e  g r a i n  e l e v a t o r s  f o r  com- 
p l i a n c e  w i t h  t h e  a p p l i c a b l e  emission r egu la t ions .  The f o u r t h  phase,  which 
was accomplished under a s e p a r a t e  t a s k ,  was a f i e l d  e v a l u a t i o n  and subsequent 
r e v i s i o n  of t h e  monitoring s t r a t e g y .  

ORGANIZATION OF THE REPORT 

The r e p o r t  i s  organized i n t o  two major components. The body of the  re-  
p o r t  i s  a concise  p r e s e n t a t i o n  of t h e  r e s u l t s  and f ind ings  having a d i r e c t  
impact on the  compliance monitor ing s t r a t e g y .  The appendices  p r e s e n t  de- 
t a i l e d  information on va r ious  a s p e c t s  of  the g r a i n  e l e v a t o r s  i n d u s t r y  and 
compliance monitor ing of  g r a i n  e l e v a t o r s .  

The body of the  r e p o r t  inc ludes :  a sumnary of t h e  o v e r a l l  program (Sec t ion  
2 ) ;  conclusions and recornendat ions  o f  t h e  s tudy  (Sec t ion  3 ) ;  a b r i e f  survey 
of g r a i n  e l e v a t o r  emissions and emissions c o n t r o l  technology (Sec t ion  4 ) ;  
an a n a l y s i s  of c u r r e n t  r e g u l a t o r y  and enforcement p r a c t i c e s  (Sec t ion  5) ;  
and an a l t e r n a t i v e  enforcement and compliance monitoring s t r a t e g y .  

The appendices con ta in  a d e s c r i p t i o n  of  the  i n d u s t r y  s t r u c t u r e  and g r a i n  
e l e v a t o r  ope ra t ions  (Appendix A); a d e t a i l e d  a n a l y s i s  of g r a i n  e l e v a t o r  ' emissions (Appendix B); d e s c r i p t i o n s  of g r a i n  e l e v a t o r  c o n t r o l  techniques 
(@,pendix - C); a summary of t h e  r e g u l a t o r y  and enforcement approaches oE t h e  
11 s t a t e s  surveyed during t h e  s tudy  (Appendix D); a d e t a i l e d  d e s c r i p t i o n  of 
t h e  development and f i e l d  eva lua t ion  of  an a l t e r n a t i v e  i n s p e c t i o n  and monitor- 
ing s t r a t e g y  (Appendix E); and a g l o s s a r y  of i ndus t ry  terms (Appendix F). 
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SECTION 2 

SUMMARY 

THE GRAIN ELEVATOR INDUSTRY 

The g r a i n  e l e v a t o r  i n d u s t r y  comprises those  f a c i l i t i e s  involved i n  the  
cond i t ion ing ,  t r a n s f e r ,  and s to rage  of g r a i n s  and o t h e r  a g r i c u l t u r a l  p roducts  
a s  they a r e  passed from t h e  farmer t o  t h e  f i n a l  p rocess ing  o r  expor t ing  
f a c i l i t i e s .  These f a c i l i t i e s  c o n s i s t  of  country,  subtermina l ,  and te rmina l  
e l e v a t o r s .  For purposes  of  t h i s  s tudy  farm e l e v a t o r s ,  t hose  e l e v a t o r s  han- 
d l ing  g r a i n  s t r i c t l y  €o r  on-€arm use ,  and e l e v a t o r  ope ra t ions  a t  p rocess ing  
f a c i l i t i e s  a r e  not  def ined  a s  p a r t  of the  i n d u s t r y .  \ 

i Country e l e v a t o r s  r e c e i v e  g r a i n  from t h e  farmer and sh ip  t o  subterminal  
o r  te rmina l  e l eva to r s .  Subterminal e l e v a t o r s  r ece ive  g r a i n  from both farmers ,! 
and country e l e v a t o r s  and sh ip  t o  te rmina l  e l e v a t o r s  o r  d i r e c t l y  t o  p rocesso r s )  
The te rmina l  e l e v a t o r s  r e c e i v e  g r a i n  from coun t ry  and te rmina l  e l e v a t o r s  
and e i t h e r  expor t  t h e  g r a i n  o r  sh ip  t h e  g r a i n  t o  p rocesso r s .  

.Data from t h e  U.S. Department of A g r i c u l t u r e  (USDA), Nat iona l  Grain and 
Feed Assoc ia t ion  (NGFA), and t h e  U.S. EPA were examined t o  determine t h e  num- 
b e r  and s i z e  of g r a i n  e l e v a t o r s .  It w a s  found t h a t  no p r e c i s e  count of e l e -  
v a t o r s  is a v a i l a b l e .  Using t h e  b e s t  d a t a  from USDA and NGFA t h e  number of 
g r a i n  e l e v a t o r s  i s  es t imated  t o  be about  9,000 d i s t r i b u t e d  as fo l lows:  

Country - 8,210 

Subterminal and te rmina l  - 540 

While these  e l e v a t o r s  a r e  d i s t r i b u t e d  widely wi th  each r eg ion  having a t  
l e a s t  one e l e v a t o r ,  90% of  t hese  e l e v a t o r s  a r e  loca t ed  i n  Regions V,  V I ,  
V I I ,  and V I I I .  No one of t h e s e  r eg ions  c o n t a i n s  more than  40% of the  g r a i n  
e l e v a t o r s .  
more than  one reg ion .  

G R A I N  ELEVATOR EMlSSIONS AND EMISSIONS CONTROL 

It i s  apparent  t h a t  g r a i n  e l e v a t o r  compliance i s  of concern i n  

Each cf  t h e  cond i t ion ing  >nd t r a n s f e r  o p e r a t i o n s  i n  a g r a i n  e l e v a t o r  i s  
a p o t e n t i a l  source o f  p a r t i c u l a t e  emissions.  Avai lab le  emissions d a t a  were 



I 

II 
a surveyed t o  develop emission f a c t o r s  f o r  each major ope ra t ion .  The b e s t  

The emission f a c t o r s  a r e  i n  u n i t s  of pounds of d u s t  p e r  t on  of g r a i n  processed  
through the  ope ra t ion .  
f o r  country e l e v a t o r s  i f  they d i f f e r  from te rmina l  e l e v a t o r s .  

average" emission f a c t o r  and range of emiss ion  f a c t o r s  a r e  presented  below. I, 

The numbers i n  pa ren theses  r e p r e s e n t  emission f a c t o r s  

Best  
LOW "average" - 

Grain unloading ( r e c e i v i n g )  
Grain loading (sh ipping)  
Conveying t o  b i n s  

( g a l l e r y  b e l t /  t r i p p e r )  
Removal from b ins  

( tunnel  b e l t )  
Headhouse ( l e g s )  
I n t e r n a l  tu rn ing  
Cleaning 
Drying 

1.0 0.8 
0.64 0.25 

1.0 0.11 

1.40 1 .o 
1.50 0.5 
3.90 (2.9) 1.61 (1.5) 
5.8 5.0 
5.5 4.0 

3.5 
1.26 

2.5 

2.0 
2.5 
7.0 ( 4 . 5 )  
7 .O 
8.0 

Two observa t ions  a r e  o f  p a r t i c u l a r  i n t e r e s t  with r e s p e c t  t o  these  da t a .  
F i r s t ,  the  magnitude of t h e  emissions a r e  an i n d i c a t i o n  of a p o t e n t i a l l y  
s i g n i f i c a n t  impact of t h e  g r a i n  e l e v a t o r  emissions on ambient a i r  q u a l i t y .  
Second, t h e  wide range of t h e  emissions d a t a  limits t h e  r e l i a b i l i t y  of t h e  
a p p l i c a t i o n  of t h e  emission' f a c t o r s  t o  s p e c i f i c  g r a i n  e l e v a t o r s .  

One o t h e r  f a c e t  of g r a i n  e l e v a t o r  emiss ions  of p a r t i c u l a r  i n t e r e s t  i s  t h e  
r e l a t i o n s h i p  of mass emissions c o n c e n t r a t i o n s  t o  opac i ty .  Limited d a t a  from 
c o n t r o l  device  exhaust  t e s t s  i n d i c a t e  t h a t  emissions wi th  20% o p a c i t y  are 
equiva len t  t o  a mass concen t r a t ion  of 0.025 g r / s c f .  I f  t h e s e  d a t a  can b e  
confirmed, they w i l l  have a s i g n i f i c a n t  impact on enforcement s t r a t e g y ,  i n  
t h a t  a v i s i b l e  emissions r e g u l a t i o n  of 20% is as s t r i n g e n t  a s  most mass emis- 
s ion  r e g u l a t i o n s .  

Almost a l l  sources  of g r a i n  e l e v a t o r  emissions a r e  " fug i t ive"  sources ,  
i .e . ,  sources  f o r  which t h e  emissions e n t e r  t h e  atmosphere d i r e c t l y  o r  through 
bu i ld ing  openings r a t h e r  than  through wel l  def ined  ductwork. 
these  emissions r e q u i r e s  an e f f i c i e n t  cap tu re  system t o  con ta in  t h e  d u s t  
connected t o  an a i r  p o l l u t i o n  c o n t r o l  dev ice  such a s  a cyclone o r  f a b r i c  
f i l t e r .  Adequate c o n t r o l  systems a r e  a v a i l a b l e  f o r  each of the  g r a i n  e l e v a t o r  
ope ra t ions  and have been i n s t a l l e d  on most moderate t o  l a r g e  s i z e  g r a i n  
e l e v a t o r s .  

The c o n t r o l  o f  

The f a c t  t h a t  e l e v a t o r s  have i n s t a l l e d  c o n t r o l  systems does not  mean 
t h a t  t h e  emissions problem has  been so lved .  Data i n d i c a t e  t h a t  t h e  malfunc- 
t i o n  o f ' c o n t r o l  equipment, p a r t i c u l a r l y  f a b r i c  f i l t e r s ,  due t o  improper 
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o p e r a t i o n  and maintenance i s  a s i g n i f i c a n t  c o n t r o l  problem i n  t h e  g r a i n  e l e -  
v a t o r  i n d u s t r y .  Using c o n t a c t s  with personnel  from the  e l e v a t o r  i ndus t ry ,  
a i r  p o l l u t i o n  c o n t r o l  agencies ,  and c o n t r o l  equipment vendors,  we were un- 
a b l e  t o  l o c a t e  any s u b s t a n t i v e  da t a  on p o s s i b l e  causes  and s o l u t i o n s  t o  
these  mal func t ion  problems. This  a r e a  appears  to  be a cand ida te  f o r  f u r t h e r  
r e sea rch  e f f o r t s .  

ANALYSIS OF STATE IMPLEMENTATION PLANS 
. .  

S t a t e  a i r  p o l l u t i o n  laws from 11 select states were reviewed t o  iden- 
t i f y  those  a p p l i c a b l e  t o  g r a i n  e l e v a t o r s .  S t a t e  and l o c a l  o f f i c i a l s  were 
then  con tac t ed  t o  i d e n t i f y  t h e  enforcement s t r a t e g i e s  a c t u a l l y  u t i l i z e d  by 
t h e  agencies .  

The responses  from t h e  c o n t a c t s  w i th  s ta te  and l o c a l  agencies  i n d i c a t e  
t h a t  t h e  primary enforcement t o o l  i s  t h e  v i s i b l e  emissions r e g u l a t i o n  (used 
by 10 of t h e  11 states con tac t ed ) .  Other r e g u l a t i o n s  f r e q u e n t l y  used a r e  
f u g i t i v e  d u s t  p r o h i b i t i o n s  o r  gene ra l  nu isance  r e g u l a t i o n s .  Although most 
states had some type  of mass emission r e g u l a t i o n  ( e i t h e r  process  weight o r  
c o n c e n t r a t i o n ) ,  only one of t h e  11 s t a t e s  appears  t o  r e g u l a r l y  en fo rce  a 
process  weight r e g u l a t i o n .  Based on t h e s e  r e sponses ,  any a l t e r n a t i v e  monitor- 
i ng  s t r a t e g y  should c e r t a i n l y  inc lude  p r o v i s i o n s  f o r  u t i l i z i n g  v i s i b l e  emis- 
s i o n s  and f u g i t i v e  d u s t  r e g u l a t i o n s .  F u r t h e r  methods development and educa- 
t i o n  a r e  needed b e f o r e  mass emissions r e g u l a t i o n s  can be used on a r e g u l a r  
b a s i s .  

Grain e l e v a t o r  r e g u l a t i o n s  f o r  t h e  S t a t e  of I l l i n o i s  a r e  of p a r t i c u l a r  
i n t e r e s t .  
t i o n s  w i t h i n  t h e  e l e v a t o r .  Control  dev ice  e f f i c i e n c y  is s p e c i f i e d  f o r  t h e  
captured  emissions based on e l e v a t o r  s i z e  and a t ta inment  s t a t u s  of t h e  eleva-  
t o r  l o c a t i o n .  A housekeeping c h e c k l i s t  and documentation of proper  ope ra t ion  
and maintenance procedures  are a l s o  r e q u i r e d .  These r e g u l a t i o n s  should be 
examined c a r e f u l l y  i n  developing a r e g u l a t o r y  model f o r  c o n t r o l  of g r a i n  e l e -  
v a t o r s .  The housekeeping and opera t ion  and maintenance (OGM) c h e c k l i s t s  may 
be a va luab le  enforcement t o o l  i n  states w i t h  housekeeping and/or  mal func t ion  
r e g u l a t i o n s .  

DEVELOPMENT OF A COMPLIANCE MONITORING STRATEGY 

These r e g u l a t i o n s  r e q u i r e  a s p i r a t i o n  on a l l  g r a i n  handl ing opera- 

The development of t h e  compliance monitor ing s t r a t e g y  w a s  accomplished 
i n  t h r e e  . s tages .  F i r s t ,  t e n t a t i v e  i n s p e c t i o n  formats  and a h y p o t h e t i c a l  com- 
p l i a n c e  monitor ing s t r a t e g y  were developed. The i n s p e c t i o n  format and strat-  
egy were then  examined through f i e l d  e v a l u a t i o n  a t  38 g r a i n  e l e v a t o r s  i n  t h e  
S t a t e  of Nebraska. F i n a l l y  t h e  r e s u l t s  of t h e  f i e l d  eva lua t ion  were analyzed 
and p r i n c i p l e s  f o r  a l t e r n a t i v e  enforcement/compliance monitor ing s t r a t e g i e s  
were developed. 
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Information from c o n t a c t s  w i th  c o n t r o l  agency personnel  and MRI per-  
sonnel u t i l i z e d  i n  t h e  f i e l d  eva lua t ion  as we l l  a s  t h e  s t a t i s t i c a l  a n a l y s i s  
of the  f i e l d  e v a l u a t i o n  data were used as inpu t  i n  developing t h e  fo l lowing  
p r i n c i p l e s  f o r  an enforcementlcompliance monitor ing s t r a t e g y :  

1. The f i r s t  s t e p  i n  developing an enforcement s t r a t e g y  i s  t o  determine:  
( a )  f a c i l i t i e s  s u b j e c t  t o  r e g u l a t i o n ;  (b) ope ra t ions  w i t h i n  t h e  f a c i l i t i e s  
s u b j e c t  t o  r e g u l a t i o n ;  and (c )  r e g u l a t i o n s  t o  be  u t i l i z e d .  It  is s t r o n g l y  
suggested t h a t  v i s i b l e  emissions or f u g i t i v e  d u s t  r e g u l a t i o n s  n o t  b e  enforced 
a g a i n s t  uncont ro l led  sou rces ;  t h i s  could  l ead  t o  uneven enforcement.  

2 .  A s  a c o r o l l a r y  t o  t h e  above p r i n c i p l e ,  before  i n s p e c t i o n s  begin con- 
t r o l  requirement c r i t e r i a  should be developed t o  determine which o p e r a t i o n s  i n  
which e l e v a t o r s  should be c o n t r o l l e d .  These c r i t e r i a  should n o t  be based on 
v i s i b l e  emissions noted dur ing  i n s p e c t i o n s .  Some p o s s i b l e  c r i t e r i a  a r e  e leva-  
t o r  s i z e  and e l e v a t o r  l o c a t i o n  wi th  r e s p e c t  t o  popula t ion  or ambient a t ta inment .  

3 .  Only c o n t r o l l e d  sources  should be in spec ted  regard ing  v i o l a t i o n  of 
s tandards.  Uncontrol led sources  should be examined p e r i o d i c a l l y  t o  i d e n t i f y  
any changes i n  s t a t u s  regard ing  c o n t r o l  requirement  c r i t e r i a .  

. .. 

4 .  Eleva to r s  should be in spec ted  us ing  a l e v e l  of i n s p e c t i o n  concept .  
Three l e v e l s  of i n s p e c t i o n  a r e  proposed. Level I i s  an e x t e r n a l  i n s p e c t i o n  
of v i s i b l e  emissions from c o n t r o l  device  exhaus ts  and f u g i t i v e  emissions 
from c o n t r o l l e d  ope ra t ions ,  Level I1 i s  an i n t e r n a l  i n s p e c t i o n  i n  which 
v i s i b l e  emissions a r e  checked, c o n t r o l  equipment i s  determined o p e r a t i o n a l ,  
cap tu re  a t  c o n t r o l l e d  ope ra t ions  i s  v i s u a l l y  determined, and housekeeping 
p r a c t i c e s  a r e  examined. Level I11 c o n s i s t s  of a d e t a i l e d  examination ( inc lud-  
ing i n t e r n a l  i n s p e c t i o n )  o f  c o n t r o l  equipment and exhaust  systems and/or  
emissions t e s t i n g  a t  c o n t r o l  device o u t l e t s .  

5 .  Inspec t ions  are done s y s t e m a t i c a l l y  s t a r t i n g  wi th  Level I and r e s u l t  
i n  step-by-step e l i m i n a t i o n  of monitor ing of sources  a t  h igher  l e v e l s  i f  com- 
p l i ance  is determined. 

6 .  Levels I1 and I11 should never  be used a t  country or subterminal  
e l e v a t o r s  during h a r v e s t  season. 

These p r i n c i p l e s  were then  used t o  develop a model i n s p e c t i o n  s t r a t e g y .  
I t  i s  suggested t h a t  t hese  p r i n c i p l e s  can  be used by s t a t e  and l o c a l  agencies  
t o  develop a n  enforcementlcompliance moni tor ing  scheme t h a t  can b e s t  u t i l i z e  
t h e i r  l i m i t e d  resources .  
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SECTION 3 

CONCLUSIONS AND RECOMMENDATIONS 

The major  conc lus ions  der ived  from t h i s  i n v e s t i g a t i o n  and a s s o c i a t e d  
recornendat ions  a r e  a s  follows. 

1. c u r r e n t  d a t a  on number, s i z e ,  and l o c a t i o n  o f  e l e v a t o r s  do not  pro- 
v i d e  a s u f f i c i e n t  d a t a  base  f o r  enforcement purposes.  There i s  a need f o r  
a conc i se  and sys t ema t i c  i nven to ry  o f  a l l  g r a i n  e l e v a t o r s  i nc lud ing  t h e i r  
c a p a c i t y  and throughput.  (This  i s  c u r r e n t l y  be ing  addressed  on another  EPA 
program.) 

2. E x i s t i n g  emissions d a t a  are scarce and i n c o n s i s t e n t  w i t h  r e g a r d  
t o  t h e  method of  measurement. I f  p rocess  weight  r e g u l a t i o n s  a r e  t o  be u t i l -  
i z e d  i n  moni tor ing  g r a i n  e l e v a t o r s ,  an i n t e n s i v e  e f f o r t  i s  needed t o  charac-  
t e r i z e  emissions from va r ious  e l e v a t o r  ope ra t ions .  

3. Observa t ions  du r ing  the f i e l d  e v a l u a t i o n s  i n d i c a t e  t h a t  "continued 
compliance" i s  more c r i t i ca l  i n  g r a i n  e l e v a t o r s  then  " i n i t i a l  compliance." 
That  i s ,  a f t e r  t h e  i r i s t a l l a t i o n  of t h e  c o n t r o l  equipment, proper  ope ra t ion  
and maintenance ( O M )  p f  the equipment appears  t o  be  a cormnon problem i n  
? r a i n  e l e v a t o r s .  Convincing t h e  g r a i n  e leva torb i 'o f  ' t h e  r e a l  b e n e f i t s  of d u s t  
c o n t r o l  and educa t ing  them on t h e  O&M p r a c t i c e s  f o r  t h e  c o n t r o l  equipment 
i s  impera t ive  t o  an e f f e c t i v e  monitoring and enforcement s t r a t egy .  

6 .  T\" L L c  I LIsvsIJ -.--, - of Inspec t ion  concept has  p c t e i l t i a l  f o r  a p p l i c a t i o n  ti) 

g r a i n  e l e v a t o r s .  Shor t  term v i s u a l  i n s p e c t i o n s  (Level I) o f t e n  provide suf -  
f i c i e n t  d a t a  t o  ana lyze  compliance s t a t u s  wi th  r e s p e c t  t o  v i s i b l e  emissions 
r e g u l a t i o n s ,  whi le  more d e t a i l e d  i n s p e c t i o n s  (Levels  I1 and 111) provide addi-  
t i o n a l  in format ion  on performance of c o n t r o l  systems.  

5 .  V i s i b l e  emissions v i o l a t i o n s  a t  uncon t ro l l ed  loading  and unloading 
o p e r a t i o n s  a r e  a r e s u l t  of f a c t o r s  such as amount of dus t  i n  t h e  g r a i n  and 
wind speed and d i r e c t i o n .  As such, any uncon t ro l l ed  e l e v a t o r  has  t h e  poten- 
t i a l  t o  v i o l a t e  v i s i b l e  emissions r e g u l a t i o n s .  S ince  such v i o l a t i o n s  a r e  ran- 
dom occurrances ,  s h o r t  term observa t ions  of e i t h e r  compliance o r  noncompliance 
are not  a good i n d i c a t o r  of t h e ' a c t u a l  compliance s t a t u s  of an uncon t ro l l ed  
source .  

a 
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6. Observat ions during the . f i e l d  e v a l u a t i o n  i n d i c a t e  t h a t  r e g u l a t i o n s  
such a s  p r o h i b i t i o n  o f  excess ive  ma l func t ions ,  housekeeping p r a c t i c e s ,  and 
requirements  f o r  proper  ope ra t ion  o f  c o n t r o l  equipment i n  a d d i t i o n  t o  o p a c i t y  
r e g u l a t i o n s  a r e  an a i d  t o  enforcement o f  cont inuous compliance. 

7. A def ined  enforcement s t r a t e g y  which i n d i c a t e s  t h e  c o n t r o l  l e v e l s  
t o  be  requi red  on e l e v a t o r  ope ra t ions  i s  a p r e r e q u i s i t e  t o  an e f f i c i e n t  moni- 
t o r i n g  s t r a t egy .  This  i n d i c a t e s  t h a t  some type  of equipment r e g u l a t i o n  i s  
p r e f e r r e d  f o r  g r a i n  e l eva to r s .  A good example of  such a r e g u l a t i o n  i s  t h e  
S t a t e  of I l l i n o i s  Rule 203.9 ( s e e  s e c t i o n  5). 
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SECTION 4 

G R A I N  ELEVATOR EMISSIONS AND EMISSIONS CONTROL 

Gra in  e l e v a t o r s  of  a l l  s i z e s  con ta in  a number of  sources  which emit par -  
t i c u l a t e  m a t t e r  t o  t h e  atmosphere e i t h e r  d i r e c t l y  o r  through doors,  windows, 
o r  duc ts .  A b a s i c  understanding of t h e s e  sou rces ,  emissions q u a n t i t i e s  and 
c h a r a c t e r i s t i c s ,  and emiss ions  c o n t r o l  i s  a p r e r e q u i s i t e  t o  developing 
a l t e r n a t i v e  enforcementlcomp1iance s t r a t e g i e s .  

Emissions from g r a i n  e l e v a t o r s  r e s u l t  f rom t h e  v a r i o u s  handl ing  and 
t r a n s f e r  opera t ions .  These emissions a r e  a r e s u l t  o f  t h e  l i b e r a t i o n  of  f i e l d  
d u s t  and chaf f  c a r r i e d  i n  w i t h  t h e  g r a i n  and f i n e  g r a i n  d u s t  caused by abra- 
s i o n  du r ing  handl ing .  The main p a r t i c u l a t e  emiss ions  sources  i n  g r a i n  eleva-  
t o r s  are: 

1. Grain unloading 

2 .  Grain  t r a n s f e r  p o i n t s  i nc lud ing  

( a )  
(b)  g r a i n  t r a n s f e r  t o  boots  
( c )  t r a n s f e r  t o  g a l l e r y  b e l t  
(d)  g a l l e r y  b e l t  t r i p p e r s  

b i n  d i scha rge  onto tunne l  b e l t s  

3. E leva to r  l e g s  

4 .  Grain c l eac ing  

5. Grain dry ing  

6 .  Garner and s c a l e  b i n s  

7 .  Grain  loading  

8. Bin ven t s  

For  t hose  r eade r s  not  f a m i l i a r  wi th  g r a i n  e l e v a t o r s ,  d e s c r i p t i o n s  of  
t h e s e  ope ra t ions  a r e  inc luded  i n  Appendix A. The remainder of t h i s  s e c t i o n  
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w i l l  p r e sen t  a b r i e f  sumnary of emission f a c t o r s ,  a d i s c u s s i o n  of o t h e r  
emissions c h a r a c t e r i s t i c s  impacting on enforcement s t r a t e g i e s ,  and a review 
of g r a i n  e l e v a t o r  emissions c o n t r o l  p r a c t i c e s .  

G R A I N  ELEVATOR EMISSION FACTORS 

Most g r a i n  e l e v a t o r  emissions sources  a r e  c l a s s i f i e d  as " f u g i t i v e "  
emissions sources .  F u g i t i v e  sources  a r e  those which, i n  the absence of  a i r  
p o l l u t i o n  c o n t r o l  systems, emit  t o  t h e  atmosphere d i r e c t l y  o r  through doors  
and windows r a t h e r  than  through wel l  de f ined  ductwork. Since such sources  
a r e  d i E f i c u l t  t o  t e s t ,  emissions d a t a  from g r a i n  e l e v a t o r s  a r e  scarce .  

Avai lab le  emissions da t a  have been genera ted  by t h r e e  b a s i c  methods. 
Early emission f a c t o r s  were es t imated  by experienced e l e v a t o r  ope ra to r s  based 
on m a t e r i a l  ba lances ,  o r  trshrinks.~l&!/ 
e r a t e d  from a 6-month s tudy  o f  weekly weights  of  f a b r i c  f i l t e r  ca t ch  a t  a 
te rmina l  e l e v a t o r  .GI 

5-11/ tests i n  d u c t s  upstream from a c o n t r o l  dev ice  a t  c o n t r o l l e d  sources.- 
The r e s u l t s  of  t hese  s t u d i e s  a r e  shown i n  Table 1. 

Ear ly  experimental  numbers were gen- 

More r e c e n t  d a t a  were generated by performing emissions 

The d a t a  i n  Table  1 a r e  l i m i t e d  i n  t h a t  they a r e  dependent upon t h e  e f -  
f i c i e n c y  of t h e  hooding o r  take-off  system i n  cap tu r ing  the  d u s t .  
through t h e  system i s  too low, cap tu re  w i l l  be  i n e f f i c i e n t  and t h e  emission 
f a c t o r  gene ra t ed  w i l l  be too low. On t h e  o t h e r  hand, i f  the  cap tu re  v e l o c i t y  
i s  too h igh ,  t h e  system w i l l  induce p a r t i c l e s  from the  p r o c e s s  stream t h a t  
might otherwise remain i n  t h e  g r a i n ,  r e s u l t i n g  i n  excess ive ly  high emissions.  

I f  t h e  f low 

Even wi th  t h e s e  l i m i t a t i o n s ,  two obse rva t ions  can be made t h a t  a r e  o f  
p a r t i c u l a r  s i g n i f i c a n c e  when developing monitor ing s t r a t e g i e s .  F i r s t  t h e  d a t a  
show a wide range i n  emission f a c t o r s .  These may be a r e s u l t  of v a r i a t i o n s  
such a s  d i f f e r e n c e s  i n  t e s t  method o r  d i f f e r e n c e s  i n  e f f i c i e n c y  of the cap tu re  
system. However, t h e  d i f f e r e n c e s  may simply r e f l e c t  a wide range i n  emissions 
from g r a i n  e l e v a t o r  ope ra t ions .  The l a t t e r  c a s e  i s  supported by da ta  i n  
Reference 4 which show weekly emission f a c t o r s  varying by a f a c t o r  o f  5 o r  more 
f o r  most e l e v a t o r  ope ra t ions .  I f  emissions do i n  f a c t  va ry  ove r  such a wide 
range,  t h e  use  of average  emission f a c t o r s  t o  enforce  p rocess  weight v io l a -  
t i o n s  a t  a s p e c i f i c  e l e v a t o r  i s  a ques t ionab le  t o o l .  

The d a t a  i n  Table  1 a l s o  show a v a r i a t i o n  i n  emission f a c t o r s  based on 
g r a i n  type.  These d a t a  a r e  s u b s t a n t i a t e d  by shor t - te rm t e s t  d a t a  i n  Reference 
4 ,  but  da t a  a r e  i n s u f f i c i e n t  t o  q u a n t i f y  these  d i f f e rences .  However, t h e  
ex i s t ence  of t hese  d i f f e r e n c e s  aga in  l i m i t s  the  use  o f  average emission fac-  
t o r s  a s  an enforkement t o o l  f o r  p rocess  weight r egu la t ions .  

A more d e t a i l e d  a n a l y s i s  of g r a i n  e l e v a t o r  emission f a c t o r s  i s  p resen ted  
i n  Appendix B. 
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EMISSIONS CHARACTERISTICS 

Two c h a r a c t e r i s t i c s  of g r a i n  e l e v a t o r  emissions a r e  of p a r t i c u l a r  i n t e r e s t  
with r e spec t  t o  enforcement s t r a t e g i e s :  ( a )  p a r t i c l e  s i z e  and (b)  t h e  r e l a -  
t i onsh ip  of mass emissions t o  opac i ty .  Most of t h e  p a r t i c u l a t e  emission 
i s  composed o f  p a r t i c l e s  50 pm o r  smaller i n  s i z e . /  
t h e  a i r  i n  t h e  i n t e r i o r  of g r a i n  e l e v a t o r s  c o n s i s t s  most ly  of  h igh ly  d i spe r sed  
p a r t i c l e s  measuring 5 p m i n  diameter.  A p a r t i c l e  s i z e  d i s t r i b u t i o n  f o r  g r a i n  
dus t  emissions i s  shown i n  Table 2 2 /  One source sampling s tudy  r e p o r t s  a 
marked d i f f e r e n c e  i n  t h e  weight p e r c e n t  of minus 10 pm p a r t i c u l a t e s  be- 
tween g r a i n  c l e a n e r  exhausts  and r e c e i v i n g  p i t  e x h a u s t s s /  The r e s u l t s  a r e  
presented  i n  F igure  1. Grain c l e a n e r  exhaus ts  g e n e r a l l y  conta ined  less than  
10% by weight minus 10 pm p a r t i c l e s ,  whi le  r ece iv ing  p i t  exhaus ts  were found 
t o  exceed 50% by weight minus 10 pm p a r t i c l e s .  The p a r t i c l e s  i n  t h e  0.1 t o  
1.0 pm s i z e  range c o n s t i t u t e d  only about  1% of t o t a l  p a r t i c u l a t e s  emi t t ed  
from g r a i n  c l e a n e r s  b u t  more than 15% o f  t h e  p a r t i c u l a t e s  emi t t ed  from 
rece iv ing  hoppers.  This  f i n d i n g  i s  of p a r t i c u l a r  s i g n i f i c a n c e  because it 
has  been well-documented t h a t  p a r t i c l e s  i n  t h i s  s i z e  range have t h e  maximum 

Grain d u s t  suspended i n  

e f f e c t  on plume opacity, 141 

TABLE 2. PARTICULATE S I Z E  DISTRIBUTION OF GRAIN DUST 
FROM TRANSFER O P E R A T I O N S ~ /  

Percent  (%) by weiEht 
P a r t i c l e  s i z e  (pm) Before cyclone A f t e r  cyclone 

0 - 44 6 . 4  58 

44 - 74 19.2 11 

74 - 104 1 7 . 4  10 

104+ 5 7 . 0  21 

Data on mass concen t r a t ion  and o p a c i t y  i n d i c a t e  t h a t  t h e  v i s i b l e  emission 
s tandard  o f  20% opac i ty  i s  more s t r i n g e n t  t h a t  t h e  p a r t i c u l a t e  emission s t a n -  
dard o f  0.1 g r a i n s  p e r  SCF, f o r  both g r a i n  c l e a n e r s  and r e c e i v i n g  p i t s  con- 
t r o l  device exhausts .  S u f f i c i e n t  d a t a  a r e  n o t  a v a i l a b l e  t o  e s t a b l i s h  s t a t i s t i -  
c a l l y  r e l i a b l e  c o r r e l a t i o n s  between g r a i n  loading and opac i ty .  I n  gene ra l ,  
however, i t  i s  r epor t ed  t h a t  p a r t i c u l a t e  concen t r a t ions  of 0.1 g r a i n s  p e r  SCF 
o r  g r e a t e r  from t h e  con t ro l  device exhaust  r e s u l t e d  i n  v i s i b l e  plumes in 
excess of 50% opa ic ty  from rece iv ing  p i t s  and 40% opac i ty  from g r a i n  c l eane r s .  
In orde r  t o  meet a v i s i b l e  emission s t anda rd  of 20% opac i ty ,  mass concentra-  
t i o n s  of l e s s  than 0.025 g r a i n s  p e r  SCF would be r e q u i r e d g /  More da t a  a r e  
needed t o  s u b s t a n t i a t e  this r e l a t i o n s h i p .  
r e g u l a t i o n  of  20% is more s t r i n g e n t  than  most mass concen t r a t ion  r egu la t ions .  
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EMISSIONS CONTROL IN GRAIN ELEVATORS 

Regulatory c o n t r o l  of  atmospheric emiss ions  from any i n d u s t r i a l  p rocess  
r e q u i r e s  t h r e e  s t eps :  ( a )  t e c h n i c a l l y  and economically f e a s i b l e  measures 
which reduce emissions from t h e  p rocess  t o  acceptab le  l e v e l s  must be devel-  
oped; (b) t h e s e  measures m u s t  be  implemented on those  sources  which, o n  t h e  
b a s i s  of  e i t h e r  s i z e  o r  l oca t ion ,  a r e  cons ide red  t o  be major emissions prob- 
lems; and ( c )  t h e  source  must  cont inue  t o  ope ra t e  and ma in ta in  p rocess  and 
con t ro l  equipment i n  o rde r  t o  s u s t a i n  accep tab le  l e v e l s  of  emissions.  

Control  techniques f o r  g r a i n  e l e v a t o r  emissions sources  a r e  a v a i l a b l e  and 
have been widely implemented. They a r e  descr ibed  i n  d e t a i l  i n  Appendix C. 
However, during t h e  f i e l d  eva lua t ion  p o r t i o n  of t h e  s tudy,  s i g n i f i c a n t  prob- 
lems were noted i n  proper  ope ra t ion ' and  maintenance of t h e  c o n t r o l  equipment. 
The ex i s t ence  of t hese  problems has  been s u b s t a n t i a t e d  i n  conve r sa t ions  with 
i n d u s t r y  and agency personnel .  The paragraphs  below d e s c r i b e  problems o f t e n  
encountered w i t h  g r a i n  e l e v a t o r  c o n t r o l  equipment. 

Excess emissions from g r a i n  e l e v a t o r s  with c o n t r o l  equipment may r e s u l t  
from problems i n  t h e  c a p t u r e  system, p a r t i c u l a t e  c leaning  device ,  or some 
combination o f  these .  However, problems i n  a p rope r ly  designed c a p t u r e  s y s -  
tem can g e n e r a l l y  be e a s i l y  i d e n t i f i e d  and c o r r e c t e d  (i.e., improper damper 
s e t t i n g s  o r  h o l e s  worn i n  t h e  duc t ing )  and s o  w i l l  not  be  descr ibed  i n  d e t a i l .  

Opera t iona l  problems i n  mechanical c o l l e c t o r s  (cyclones)  can a l s o  be 
i d e n t i f i e d  and co r rec t ed  r e l a t i v e l y  e a s i l y .  The e f f i c i e n c y  of a cyclone i s  
dependent on t h e  des ign  parameters of the cyclone and t h e  v e l o c i t y  of t h e  gas  
s t ream through t h e  cyclone.  A r e d u c t i o n  i n  t h e  gas  v e l o c i t y  w i l l  r e s u l t  i n  
decreased e f f i c i e n c y .  Any f a c t o r  which causes  a n  inc reased  p res su re  drop 
through t h e  c o n t r o l  system (such a s  plugging i n  t h e  cyc lone ,  improper damper 
s e t t i n g s  i n  t h e  ductwork, o r  plugging i n  t h e  ductwork) w i l l  l ead  t o  decreased 
flow through t h e  cyclone and a drop i n  cyc lone  e f f i c i e n c y .  A s p e c i f i c  
i n s t ance  can be  i d e n t i f i e d  i n  T a b l e  B-8, Appendix B .  One p a r t i c u l a r  cyclone 
had a p r e s s u r e  drop of 1 7  i n  H 2 0  and a f low of h a l f  t h e  des ign  flow. The 
e f f i c i e n c y  of t h e  cyclone was only  4 7 . 5 % .  P e r i o d i c  checks of cyclone p r e s -  
s u r e  drop,  exhaust  f an  c u r r e n t ,  the  c o n d i t i o n  of cyclone walls and f an  b l ades ,  
and t h e  exhaust r a t e  a t  pickup po in t s  w i l l  p rovide  i n d i c a t o r s  of any problems 
t h a t  might reduce e f f i c i e n c y .  

One o t h e r  problem w i t h  cyclone o p e r a t i o n  t h a t  o f t e n  occurs  i s  leakag.2 of 
a i r  i n t o  t h e  cyclone from t h e  d u s t  d i s c h a r g e .  The i n l e t  and o u t l e t  f lows a t  
Eleva tor  C ,  Table  B-8 ,  Appendix B i n d i c a t e  ex tens ive  leakage  through t h e  dus t  
d i scharge .  For a l l  t h r e e  cyclones e f f i c i e n c y  w a s  l e s s  than  60%. Thus, d u s t  
d i scharge  mechanisms should be checked r e g u l a r l y  t o  c o n t r o l  leakage.  

The major c o n t r i b u t o r  t o  noncompliance of c o n t r o l l e d  g r a i n  e l e v a t o r s  
i s  the  mal func t ion  of f a b r i c  f i l t e rs .  This  may r e s u l t  from t o r n  bags which 
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cause  excess  emissions from t h e  c o n t r o l  d e v i c e  o u t l e t  o r  plugging of t h e  bags 
which cause  excess  emissions a t  t h e  source .  The fol lowing paragraphs d i s c u s s  
problems s p e c i f i c a l l y  a s s o c i a t e d  wi th  f a b r i c  f i l t e r s  i n  g r a i n  e l e v a t o r s .  

Based on c o n t a c t s  w i t h  i n d u s t r y  pe r sonne l ,  environmental  c o n t r o l  o f f i -  
c i a l s ,  and equipment vendors ,  i t  appears  t h a t  t h e r e  has  been no sys t ema t i c  
s tudy  of problems a s s o c i a t e d  wi th  baghouse o p e r a t i o n s  i n  g r a i n  e l e v a t o r s .  
However, s e v e r a l  sources  i n d i c a t e d  t h a t  problems do exis t ,  and t h e r e  is some 
evidence t h a t  ope ra t ing  problems may r e s u l t  i n  s i g n i f i c a n t  per iods  i n  which 
t h e  c o n t r o l  equipment i s  s h u t  down o r  o p e r a t i n g  i n e f f i c i e n t l y .  

A l i s t i n g  of  t h e  problems i d e n t i f i e d  by persons  having exper ience  with 
g r a i n  e l e v a t o r  c o n t r o l s  i s  p re sen ted  below. These problems a r e  based on 
s p e c i f i c  exper iences  o f  t h e s e  i n d i v i d u a l s  and no documentation i s  a v a i l a b l e  
on t h e  magnitude of  t h e  problems on an indus t ry-wide  b a s i s .  

1. Personnel  with t h e  Nat iona l  Grain and  Feed Assoc ia t ion  i n d i c a t e d  
t h a t  bag b l ind ing  can be a problem i n  a r e a s  of  high humidity,  e s p e c i a l l y  
i n  t h e  South. This  can be overcome by us ing  an a i r  hea t ing  system with the  
baghouse. 

2 .  This  same bag b l ind ing  has  been exper ienced  i n  no r the rn  c l ima tes ,  
e s p e c i a l l y  dur ing  t h e  f a l l .  I t  o f t e n  r e s u l t s  from handling r e l a t i v e l y  warm, 
m o i s t  g r a i n  which has  been s t o r e d  i n s i d e  t h e  e l e v a t o r  and exhaus t ing  t h e  
gas s t r eam t o  a c o n t r o l  dev ice  l o c a t e d  i n  a c o o l e r  outdoor atmosphere. 

3. Severa l  persons  i n d i c a t e d  t h a t  d u s t  b r idging  i n  t h e  baghouse hopper 
i s  a major problem. This  had been a t t r i b u t e d  t o  poor des ign  o f  hoppers  and 
improper shutdown procedures .  It was sugges ted  t h a t  systems be designed so 
t h a t  e l e v a t o r  personnel  have easy access  t o  t h e  hopper f o r  i n s p e c t i o n  and 
c leaning .  

4. NaLZuticti0t.t o f  C h r  bag d leaning rurchanisru r e s u l t s  i i i  d u s t  bu i id -  
up on t h e  bags and e v e n t u a l l y  t o  t o t a l  p lugging  of t h e  systems. During pre-  
v ious  e l e v a t o r  v i s i t s ,  MRI personnel  have encountered two causes  oE such 
f a i l u r e .  A t  one e l e v a t o r ,  t h e  p l u s e  j e t  c o n t r o l  pane l  l oca t ed  on top oE an 
outdoor  baghouse was n o t  i n s t a l l e d  i n  a w e a t h e r t i g h t  enclosure.  Accumula- 
t i o n  o f  d u s t  and moi s tu re  i n s i d e  t h e  c o n t r o l  pane l  caused s h o r t i n g  i n  the  
so l eno id  va lves  f o r  t h e  p u l s e  j e t  system. I n  another  case ,  mois ture  i n  the  
compressed a i r  l i n e  r e s u l t e d  i n  l i n e  freeze-up under co ld  win te r  cond i t ions .  

This  l i s t i n g  of problems i s  i n  no way exhaus t ive ,  b u t  i s  inc luded  t o  
i d e n t i f y  t h e  types of problems a s s o c i a t e d  w i t h  baghouse ope ra t ions  i n  g r a i n  
e l e v a t o r s .  Addi t iona l  d a t a  a r e  needed i f  t h e  e f f e c t  of baghouse f a i l u r e s  
on c o n t i n u a l  compliance i s  t o  be determined. No s p e c i f i c  d a t a  a r e  a v a i l a b l e  on 
procedures  used t o  e l i m i n a t e  ope ra t iona l  problems on g r a i n  e l e v a t o r  f a b r i c  
f i l t e r s .  However, gene ra l  baghouse o p e r a t i o n  and maintenance p r a c t i c e s  which 
can be app l i ed  t o  g r a i n  e l e v a t o r s  a r e  p re sen ted  i n  Appendic C. 
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SECTION 5 

ANALYSIS OF STATE IMPLEMENTATION PLAN REGULATIONS 

To provide  background informat ion  f o r  the development of  compliance 
monitoring s t r a t e g i e s  f o r  g r a i n  e l e v a t o r s ,  an a n a l y s i s  of r e g u l a t i o n s  cur-  
r e n t l y  being enforced under  S I P ' S  was conducted. In o r d e r  t o  o b t a i n  a broad 
c ross - sec t ion  o f  s t a t e  r e g u l a t i o n s ,  t h e  s t a t e  i n  each of  n ine  r eg ions  having 
the most g r a i n  e l e v a t o r s  was s e l e c t e d  f o r  review. Region I was found to  have 
too few g r a i n  e l e v a t o r s  f o r  i n c l u s i o n  i n  the s tudy .  I n  Region VI1 the regula-  
t i o n s  were reviewed f o r  Nebraska and Iowa, i n  a d d i t i o n  t o  Kansas, because 
of t h e  l a r g e  number of e l e v a t o r s  i n  t h e s e  s t a t e s .  

F o r  each of  t h e  s t a t e s ,  t h e  Environment Reporter  was surveyed t o  d e t e r -  
mine p o s s i b l e  r e g u l a t i o n s  which might be a p p l i e d  t o  g r a i n  e l e v a t o r s .  Af te r  
t h e  survey was completed,  each s ta te  agency and,some l o c a l  agenc ie s  were con- 
t ac t ed  t o  determine t h e  fo l lowing:  

1. Regulat ions a c t u a l l y  enforced;  

2 .  Size  and l o c a t i o n  of e l e v a t o r s  s u b j e c t  t o  enforcement; 

3. Emissions sources  wi th in  t h e  e l e v a t o r  g e n e r a l l y  monitored f o r  com- 
p l i ance ;  and 

4 .  General d e s c r i p t i o n  of  moni tor ing  a c t i v i t i e s .  

GENERAL STATE AND LOCAL REGULATIONS 

A summary t a b l e  of s ta te  and l o c a l  r e g u l a t i o n s  i d e n t i f i e d  from a review 
of the  Environment Reporter  and cop ie s  of r e g u l a t i o n s  supp l i ed  by  c o n t r o l  
agency personnel  is presented  i n  Appendix D. 
t h e  major f ind ings  of t h e  r egu la to ry  review. 

The paragraphs below o u t l i n e  

The most f r equen t  s t a t e  r e g u l a t i o n s  i d e n t i f i e d  dur ing  t h e  survey which 
might be  app l i ed  t o  g r a i n  e l e v a t o r s  a r e  v i s i b l e  emissions r e g u l a t i o n s  and 
f u g i t i v e  dus t  o r  nuisance r e g u l a t i o n s .  A l l  b u t  one of t h e  11 s t a t e s  surveyed 
had some type of v i s i b l e  emissions r e g u l a t i o n .  (The one s t a t e ,  Texas, i s  
precluded by t h e  r e g u l a t i o n  from apply ing  v i s i b l e  emissions s t anda rds  t o  
a g r i c u l t u r a l l y  r e l a t e d  i n d u s t r i e s . )  

17 



V i s i b l e  emiss ions  can be  c l a s s i f i e d  a s  one of two types ,  s p e c i f i c  opac i ty  
o r  g e n e r a l  l i m i t a t i o n  on f u g i t i v e  emissions.  Nine of t h e  s t a t e s  have s p e c i f i c  
o p a c i t y  r e g u l a t i o n s  r e q u i r i n g  emissions t o  b e  l e s s  than  20% o r  40% opac i ty  
(Ringlemann 1 o r  2 ,  r e s p e c t i v e l y ) .  These r e g u l a t i o n s  a r e  w r i t t e n  f o r  a11 
i n d u s t r i a l  p rocesses  and cou ld  b e  a p p l i e d  t o  any ducted o r  f u g i t i v e  emissions 
source  i n  t h e  g r a i n  e l e v a t o r .  Three s t a t e s  a l s o  have g e n e r a l l y  worded regula-  
t i o n s  which p r o h i b i t  t h e  escape  of v i s i b l e  emiss ions  from handl ing and s t o r -  
age ope ra t ions .  NO maximum a l lowable  opac i ty  i s  a s s o c i a t e d  with these  regula-  
t i o n s .  

A t o t a l  of  seven of  t h e  eleven s t a t e s  have f u g i t i v e  dus t ,  housekeeping, 
o r  nu isance  r e g u l a t i o n s  which could be a p p l i e d  t o  g r a i n  e l e v a t o r s .  As shown 
i n  Table  D - 1 ,  t h e s e  r e g u l a t i o n s  d i f f e r  s i g n i f i c a n t l y  from g e n e r a l  p roh ib i -  
t i o n s  of  emissions beyond t h e  proper ty  l i n e  which cause nuisances  t o  spec i -  
f i e d  a l lowable  increments  t o  ambient concen t r a t ions .  The most wel l -def ined  
housekeeping s t anda rd  i s  f rom I l l i n o i s .  Recommended housekeeping p r a c t i c e s  
i n  I l l i n o i s  a r e  p re sen ted  i n  Table 3. Table 4 shows the  e l e v a t o r  c h e c k l i s t  
p repared  by I l l i n o i s .  

Seven o f  t h e  e leven  s t a t e s  had some type  of  process  weight r egu la t ions .  
Five of t h e s e  s t a t e s  have an i n d u s t r i a l  p rocess  weight s t anda rd  based on 
t h e  equat ions :  

E = 4.10 p 0 - 6 7 ,  p < 30 T / h r  
E = 55.0 p 0 * l 1  - 40, p > 30 T/hr  

E = Emissions l i m i t  ( l b / h r )  
p = Process  weight (T/hr )  

One s t a t e ,  Texas, h a s  a process  weight o f :  

E = 3.12 p0*985, p < 20 T/hr 
E = 3.12 p0.287, p > 20 T/hr 

The l a t t e r  r e g u l a t i o n  i n d i c a t e d  t h a t  a g r i c u l t u r a l l y  r e l a t e d  i n d u s t r i e s  ( in -  
c luding  g r a i n  e l e v a t o r s )  may comply w i t h  t h e  process  weight s t anda rd  o r  may 
u s e  ano the r  method of compliance which is approved by t h e  d i r e c t o r .  
Pennsylvania  has  a source  s p e c i f i c  mass emiss ions  r e g u l a t i o n  based on t h e  
formula. 

F i n a l l y ,  

where: A = 

E =  
F =  
w = 

c 

0.42 A = 0.76E 

Allowable emissions i n  l b / h r  
Emission index = F x 'w  l b / h r  
Process  f a c t o r  in l b / u n i t ,  and 
Product ion o r  charging r a t e  i n  u n i t s l h r  
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TABLE 3 . .  MINIMUM RECOMMENDATIONS FOR HOUSEKEEPING PRACTICES FOR 
GRAIN HANDLING FACILITIES 

AI1 p o l l u t i o n  c o n t r o l  equipment, no m a t t e r  how minor i t  appears ,  i s  sc ien-  
t i f i c a l l y  designed t o  perform properly.  Any abuse of t h i s  equipment d e t e r s  
proper operat ion.  DO NOT ABUSE THIS EQUIPMENT!! Follow maintenance procedures 
recommended by t h e  manufacturer. 

1. Exis t ing  Cyclone Co l l ec to r s  

A. Cyclone(s) should be checked d a i l y  t o  b e  s u r e  they  a r e  ope rab le  
and n o t  plugged. 

They s h a l l  b e  c leaned a s  r e q u i r e d  t o  i n s u r e  proper  opera t ion .  B. 

2. Cleaning and Maintenance 

A. F loors  should b e  kept  s w e p t  and c leaned  from boot  p i t  t o  cupola f l o o r .  
Roof o r  b i n  decks and o t h e r  exposed f l a t  s u r f a c e s  should be kept  
c l e a n  of g r a i n  and d u s t  t h a t  would tend t o  r o t  o r  become a i r b o r n e .  

B.  Cleaning must be handled i n  such  a manner a s  n o t  t o  permit  dus t  t o  
escape t o  t h e  atmosphere. (Example: Dust and g r a i n  s w e l t  up are t o  
be conveyed t o  a source  of d i s p o s a l  and must no t  be s w e p t  o u t  of cu- 
pola  door.  Grain and d u s t  must no t  be shoveled o f f  b i n  deck t o  
ground. ) 

C.  The yard and surrounding open areas inc luding  d i t c h e s ,  cu rbs ,  e t c .  
should be cleaned before  r o t t i n g  occurs .  

D. Continuing maintenance of a f a c i l i t y  should be p r a c t i c e d ,  such a s  
r e p l a c i n g  broken g l a s s  and keeping spou t s  and equipment i n  a d u s t  
t i g h t  cond i t ion  t o  prevent  leakage  of d u s t  and grain.  

3. Receiving S t a t i o n  ( h m p  P i t )  

A. Exis t ing  a s p i r a t i o n  equipment i s  t o  be maintained and operated.  

B. Exis t ing  d u s t  c o n t r o l  dev ices  a r e  t o  be maintained and operated.  

4 .  Loadout Areas 

A .  Sleeves o r  equ iva len t  should be i n s t a l l e d  on a l l  loadout  spou t s .  
These s l e e v e s  a r e  t o  be of s u f f i c i e n t  l eng th  t o  se rve  t h e  purpose f o r  

(cont inued)  
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TABLE 3 .  ( con t inued)  

which they  are i n s t a l l e d ,  i.e., c o n t r o l l i n g  d i r t  and d u s t  from 
a e r a t i o n  of g r a i n  d i scha rg ing  i n t o  r e c e i v i n g  hoppers, t rucks ,  and 
r a i l  cars .  

B. To a i d  i n  e l i m i n a t i n g  t h i s  loadout  cond i t ion ,  i t  i s  recommended 
t h a t ,  where f e a s i b l e ,  choke loading  i s  t o  be used a s  a normal 
o p e r a t i n g  procedure.  

5. Head House Area 

a. The head house s h a l l  be maintained i n  such  a fashion chat no vis i -  
b l e  d u s t  o r  d i r t  i s  allowed t o  escape  t o  t h e  atmosphere. 

6. Proper ty  

The yard and driveway of any f a c i l i t y  should be asphal ted ,  o i l e d ,  o r  
e q u i v a l e n t l y  t r e a t e d  t o  c o n t r o l  dus t .  T h i s  opera t ion  i s  t o  be done a s  
o f t e n  a 5  requi red .  

7. Housekeeping check lists s h a l l  be developed by t h e  manager, and used 
t o  a i d  i n  maintenance and housekeeping, (example a t tached) .  These check- 
l i s t s  w i l l  be s u b j e c t  t o  in spec t ion  by t h e  I l l i n o i s  EPA Surve i l l ance  
Engineer d u r i n g  r o u t i n e  inspec t ion .  
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TABLE 4 .  ELEVATOR CHECKLIST (GUIDE ONLY) 

A. Basement YES NO 

1. Boots pits cleaned. 
2. Floors cleaned. 
3. Walls cleaned. 
4. Aspiration in good working order. 

B. Ground Level YES NO 

1. Floors cleaned. 
2.  Walls cleaned. 
3. Aspiration in good working order. 

C. Head House and/or Tank Top YES NO 

1. Floors cleaned. 
2. Walls cleaned. 
3. Aspiration in good working order. 

D. Equipment YES NO 

1. Cyclones are in good operating condition 
2. Air duct is free of holes. 
3. 

4 .  Spouts are maintained and free of holes. 
5. 

Leg discharges are maintained and free of 
holes. 

Pit doors are free and operable. 

E. Elevator Grounds YES NO 

1. Area is policed and all trash is picked up. - - 
2. Aspiration in good working order. - - 

2 1  



Process  f a c t o r s  (F) were i d e n t i f i e d  f o r  t h r e e  g r a i n  e l e v a t o r  emissions 
sou rces  : 

Loading and unloading 90 l b / t o n  g r a i n  

Grain Screening and Cleaning 300 l b / t o n  g r a i n  

Grain Drying 200 l b / t o n  g r a i n  

The p rocess  weight rates obta ined  from t h e  equa t ion  a r e  p re sen t  i n  Table  
D-1 ,  Appendix D. 

Allowable c o n c e n t r a t i o n s  of p a r t i c u l a t e  i n  exhaust  gases  a r e  l i m i t e d  
by f i v e  of t h e  e leven  s t a t e s .  The r e g u l a t i o n s  range from 0.02 t o  0.1 g r /dsc f  
of  exhaust  gas .  

Three s t a t e s  have c o n t r o l  equipment s t a n d a r d s  which can be  a p p l i e d  t o  
g r a i n  e l e v a t o r s .  Two s t a t e s  have r e g u l a t i o n s  which r e q u i r e  adequate  enc losure  
of  handl ing  ope ra t ions .  I l l i n o i s  has  t h e  most d e t a i l e d  r e g u l a t i o n s  f o r  g r a i n  
e l e v a t o r s .  These r e g u l a t i o n s  r e q u i r e  c a p t u r e  of emissions from a l l  major 
emissions sources  and r e q u i r e  t h a t  t h e s e  be ven ted  t o  removal dev ices  of  
s p e c i f i e d  e f f i c i  ency . 

In summary, each o f  t h e  11 s t a t e s  had a t  l e a s t  two of  t h e  types  of regu- 
l a t i o n s  which might be  a p p l i e d  t o  g r a i n  e l e v a t o r s .  Even though t h e  r e g u l a t i o n s  
v a r i e d  cons ide rab ly  f rom s t a t e  t o  s t a t e ,  t h e  i n i t i a l  survey i n d i c a t e s  t h a t  
t h e r e  i s  enough s i m i l a r i t y  between s t a t e s  t o  j u s t i f y  t h e  i n v e s t i g a t i o n  o f  
p o s s i b l e  uniform compliance monitoring procedures .  The one r e g u l a t i o n  iden- 
t i f i e d  dur ing  t h e  survey which might p r e s e n t  some problem i s  t h e  p r e c l u s i o n  
by Texas r e g u l a t i o n s  from t h e  use  of v i s i b l e  emissions r e g u l a t i o n s  f o r  com- 
p l i a n c e  of a g r i c u l t u r a l l y  r e l a t e d  i n d u s t r i e s .  

I n  a d d i t i o n ,  t h e  r e g u l a t i o n s  a r e  i d e n t i f i e d  a s  e i t h e r  s p e c i f i c  t o  g r a i n  
e l e v a t o r s  o r  g e n e r a l  i n d u s t r i a l  p rocess  r e g u l a t i o n s .  A review of t h e  d a t a  
shows few s t a t e s  have r e g u l a t i o n s  w r i t t e n  s p e c i f i c a l l y  f o r  g r a i n  e l e v a t o r s ,  
b u t  r a t h e r  r e l y  on t h e  a p p l i c a t i o n  o f  g e n e r a l  i n d u s t r i a l  r e g u l a t i o n s  t o  
g r a i n  e l e v a t o r s .  

CURRENT MONITORING PRACTICES 

Af t e r  t h e  r e g u l a t i o n s  were reviewed, s t a t e  and l o c a l  agencies  were con- 
t a c t e d  t o  determine which r e g u l a t i o n s  a r e  g e n e r a l l y  enforced,  t h e  e l e v a t o r s  
and sources  s u b j e c t  t o  compliance monitor ing,  and a gene ra l  d e s c r i p t i o n  
O f  monitor ing a c t i v i t i e s .  The information ob ta ined  from these  c o n t a c t s  i s  
presented  i n  d e t a i l  i n  Table  D-2, Appendix D ,  and is summarized below. 
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I n  a lmost  a l l  s t a t e s  con tac t ed ,  v i s i b l e  emissions o r  o p a c i t y  s t anda rds  
a r e  t h e  primary enforcement t o o l .  The l e v e l  of enforcement of v i s i b l e  regula-  
t i o n s  ranged from a s  complaints  a r e  r e g i s t e r e d  t o  a once p e r  year  i n s p e c t i o n ,  
t o  d a i l y  obse rva t ion  b y . l o c a 1  o f f i c i a l s  (only a t  t e rmina l  and p o r t  e l e v a t o r s ) .  
Even though s e v e r a l  s t a t e s  have concen t r a t ion  o r  process  weight  r e g u l a t i o n s ,  
only North Dakota appears  t o  have r e q u i r e d  compliance t e s t i n g .  I n  North Dakota 
e l e v a t o r s  may show compliance e i t h e r  by t e s t i n g  or by comparison wi th  systems 
a l r eady  i n  p lace .  The only  o t h e r  enforcement t o o l  used by t h e  s t a t e s  con tac t ed  
is an annual  i n s p e c t i o n  wi th  emphasis based somewhat on housekeeping p r a c t i c e s .  
These  may be h igh ly  s t r u c t u r e d  l i s t s  ( a s  I l l i n o i s )  or g e n e r a l  i n s p e c t i o n s  
(Nebraska). I n  gene ra l ,  i t  appears  t h a t  most s t a t e s  t h a t  w e  con tac t ed  do not  
have a well-developed program of  compliance monitor ing f o r  g r a i n  e l e v a t o r s .  

Severa l  s p e c i f i c  monitor ing s t r a t e g i e s  were i d e n t i f i e d  from c o n t a c t s  
with s t a t e  agencies  which deserve  cons ide ra t ion .  These a r e  p re sen ted  below. 

1. I l l i n o i s  has  developed a comprehensive housekeeping c h e c k l i s t .  I t  
was inc luded  i n  Tables  3 and 4 .  

2. Kansas has  a 'p rogram of  s t agge red  annual i n s p e c t i o n s  i n  which an 
i n s p e c t o r  i s  i n  each county once p e r  month. While i n  t h e  a r e a  t o  i n s p e c t  
o t h e r  f a c i l i t i e s ,  t h e  i n s p e c t o r  w i l l  check g r a i n  e l e v a t o r s  f o r  v i s i b l e  e m i s -  
s ions  problems with a d r i v e  by observa t ion .  

3 .  Severa l  states have r e g u l a t i o n s  whereby some l e v e l  of c a p t u r e  ( e i t h e r  
no v i s i b l e  emissions or a c e r t a i n  f a c e  v e l o c i t y  a t  openings) is requ i r ed .  This  
r e g u l a t i o n  may poss ib ly  be combined w i t h  a c o n t r o l  equipment r e g u l a t i o n ,  pro- 
cess weight r e g u l a t i o n ,  or concen t r a t ion  r e g u l a t i o n  t o  i n s u r e  c o n t r o l .  

4 .  C i t i z e n ' s  complaints  were i d e n t i f i e d  by s e v e r a l  pe r sons  a s  e f f e c t i v e  
enforcement t o o l s  wi th  r e s p e c t  t o  coun t ry  e l e v a t o r s .  

CONCLUSIONS 

Based on t h e  above d i s c u s s i o n s ,  s e v e r a l  conclus ions  can be drawn 
with r e s p e c t  t o  t h e  development of compliance monitor ing s t r a t e g i e s .  F i r s t ,  
almost a l l  s t a t e s  (Texas and Iowa be ing  t h e  except ions) ,  use  v i s i b l e  emissions 
a s  t h e  pr imary enforcement too l .  A monitor ing s t r a t e g y  which does not  in -  
c lude t h i s  element w i l l  i n  a l l  p r o b a b i l i t y  be seen by s t a t e  agencies  a s  in -  
adequate.  Some type of  f u g i t i v e  emission o r  nuisance r e g u l a t i o n  i s  a v a i l -  
a b l e  t o  many s t a t e  agencies  and i s  used  a s  an enforcement t o o l  by seve ra l .  
Some thought should be g iven  t o  ways t h a t  such r e g u l a t i o n s  can be used a s  
a p a r t  of g r a i n  e l e v a t o r  i n spec t ions .  F i n a l l y ,  almost a l l  s t a t e s  have some 
type o f  mass emissions s t anda rd  ( e i t h e r  process  weight o r  c o n c e n t r a t i o n ) .  
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However, o n l y  one O f  11 s t a t e s  appeared t o  u s e  t h i s  r e g u l a t i o n  c o n s i s t e n t l y .  
S i n c e  mass emission s t anda rds  a r e  t h e  s t anda rd  most d i r e c t l y  r e l a t e d  t o  t h e  
impact of t h e  source  on ambient a i r  q u a l i t y ,  ways t o  apply these  s t anda rds  
( s h o r t  o f  a c t u a l  emiss ions  t e s t i n g )  should b e  examined. 
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SECTION 6 

DEVELOPMENT OF AN ALTERNATIVE INSPECTION AND MONITORING STRATEGY 

The u l t i m a t e  o b j e c t i v e  of t h i s  s t u d y  was t o  develop a s t r eaml ined  com- 
pl iance-monitor ing s t r a t e g y  f o r  g r a i n  e l e v a t o r s  which would u t i l i z e  t h e  
monitoring resources  i n  a more c o s t  e f f e c t i v e  manner than  t h e  p r e s e n t l y  
e x i s t i n g  programs under va r ious  SIP'S.  Development o f  the compliance moni- 
t o r i n g  s t r a t e g y  was accomplished i n  t h r e e  s tages .  F i r s t  an experimental  
s t r a t e g y ,  inc luding  i n s p e c t i o n  formats ,  was developed us ing  t h e  "Levels of 
Inspec t ion"  concept.  This  exper imenta l  s t r a t e g y  was then  t e s t e d  through 
inspec t ions  a t  38 g r a i n  e l e v a t o r s  i n  the S t a t e  o f  Nebraska. F i n a l l y ,  r e s u l t s  
of t h e  f i e l d  e v a l u a t i o n  were analyzed and an a l t e r n a t i v e  approach t o  g r a i n  
e l e v a t o r  enforcement and compliance moni tor ing  was developed. 

The fol lowing s e c t i o n s  desc r ibe :  ( a )  the i n i t i a l  development and f i e l d  
eva lua t ion  of an a l t e r n a t i v e  compliance monitor ing s t r a t e g y ;  ( b )  a n a l y s i s  
of t h e  r e s u l t s  of  the f i e l d  eva lua t ion ;  and ( c )  a d e s c r i p t i o n  o f  an a l t e r n a -  
t i v e  enforcementlcompliance monitor ing s t r a t e g y .  

DEVELOPMENT AND FIELD EVALUATION OF A COMPLIANCE MONITORING STRATEGY 

The under ly ing  p r i n c i p l e s  of t h e  "Levels of In spec t ion"  concept as  ap- 
p l i e d  to  g r a i n  e l e v a t o r s  a r e  as  fo l lows:  ( a )  the i n s p e c t i o n  e f f o r t s  a r e  
broken down i n t o  t h r e e  l e v e l s ,  which d i f f e r  i n  depth and t ime requirements ,  
( b )  the  va r ious  l e v e l s  of  i n s p e c t i o n  a r e  scheduled a t  d i f f e r e n t  t imes dur ing  
t h e  year ,  t ak ing  i n t o  c o n s i d e r a t i o n  the seasonal  v a r i a t i o n s  i n  t h e  volume 
of a c t i v i t y ,  and ( c )  dec i s ions  concerning t h e  l e v e l  of compliance monitor ing 
a t  a p a r t i c u l a r  e l e v a t o r  a r e  based on t h e  p o t e n t i a l  impact of t h e  emissions 
from t h a t  e l e v a t o r  on ambient a i r  q u a l i t y  and t h e  s t a t u s  of t h e  v i c i n i t y  
of t h e  e l e v a t o r  with r e s p e c t  to  t h e  a t t a inmen t  of ambient p a r t i c u l a t e  s tandards .  

The premises  o u t l i n e d  above were used t o  develop an experimental  in -  
spec t ion  monitor ing s t r a t e g y .  The proposed in spec t ion  of g r a i n  e l e v a t o r s  w a s  
broken down t o  t h r e e  l e v e l s ,  v i z . ,  Level  I ,  Level  11, and Level 111. The 
major c h a r a c t e r i s t i c s  of t h e  proposed i n s p e c t i o n  s t r a t e g y  a r e  i temized below. 
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. "Depth" of i n s p e c t i o n  i n c r e a s e s  from low t o  high i n s p e c t i o n  levels, 
i . e . ,  Level I i n s p e c t i o n  w i l l  be  c u r s o r y  and l e a s t  time consuming, 
Level 11 i n s p e c t i o n  w i l l  involve  t ak ing  a c l o s e r  look a t  i n d i v i d u a l  
emiss ion  p o i n t s ,  e tc . ,  and Level 111 w i l l  r e q u i r e  e l a b o r a t e  examination 
of c o n t r o l  systems.  

. Depending on es t ima ted  t o t a l  p o t e n t i a l  emissions,  g r a i n  e l e v a t o r  
f a c i l i t i e s  can  be grouped i n t o  v a r i o u s  "sever i ty"  l eve l s .  

The above " seve r i ty"  l e v e l s  can t h e n  be matched a g a i n s t  i n spec t ion -  
l e v e l s ,  i.e., low s e v e r i t y  sources  may be  ignored f o r  h ighe r  level 
in spec t ions .  

I n s p e c t i o n  w i l l  be done s y s t e m a t i c a l l y  and w i l l  r e s u l t  i n  step-by- 
s t e p  e l i m i n a t i o n  of  sources  f o r  f u r t h e r  monitor ing a t  h i g h e r  l e v e l s  
based on "compliance" a t  any g iven  l e v e l .  

. 

. 

. Various l e v e l s  o f  i n s p e c t i o n  w i l l  b e  phased o u t  according t o  seasonal  
changes i n  volume of a c t i v i t y ,  viz., h a r v e s t  season and off-season.  
The p o t e n t i a l  b e n e f i t s  r e s u l t i n g  from such phasing o u t  a r e :  e a s i e r  
and more e f f e c t i v e  schedul ing of  i n s p e c t o r ' s  v i s i t s  t o  e l e v a t o r s  
and sav ings  i n  e l e v a t o r  o p e r a t o r ' s  t ime spen t  with t h e  i n s p e c t o r ,  
e s p e c i a l l y  dur ing  t h e  peak season .  

The experimental  s t r a t e g y  was then  t e s t e d  through a f i e l d  eva lua t ion  a t  
e l e v a t o r s  i n  t h e  S t a t e  of Nebraska i n  coope ra t ion  with personnel  from Region 
VI1 and Nebraska Department of Environmental  Resources.  The f i e l d  eva lua t ion  
c o n s i s t e d  of concurren t  Levels I and 11 i n s p e c t i o n s  of 36 g r a i n  e l e v a t o r s  of 
a l l  s i z e s .  In a d d i t i o n  e i g h t  l a r g e r  e l e v a t o r s  were inspec ted  twice, once be- 
f o r e  and once a f te r  h a r v e s t  using Level  111 i n s p e c t i o n  procedures .  The r e s u l t s  
of t h e  f i e l d  e v a l u a t i o n s  were then used t o  f i n a l i z e  an enforcement/compliance 
monitor ing s t r a t e g y .  

D e t a i l s  of  t h e  experimental  i n s p e c t i o n  monitor ing s t r a t e g y  and t h e  f i e l d  
e v a l u a t i o n  methodology a r e  presented  i n  Appendix E. S p e c i f i c  r e s u l t s  of t h e  
f i e l d  i n s p e c t i o n s  were submitted t o  Region V I 1  i n  t h e  form of Surve i l l ance  
Analysis  Reports  and can  be requested through t h e  r eg iona l  o f f i c e .  

ANALYSIS OF THE RESULTS OF THE FIELD EVALUATION 

The pr imary o b j e c t i v e  of the  f i e l d  s t u d y  was an a n a l y s i s  of  t h e  va lue  
o f  t h e  v a r i o u s  l e v e l s  of i n spec t ion  and, based upon t h e  r e s u l t s  of  t h e  
a n a l y s i s ,  r e v i s i o n  o f  t h e  monitor ing s t r a t e g y .  The o r i g i n a l  p ro toco l  c a l l e d  
f o r  a s t a t i s t i c a l  comparison of t h e  c o s t  and b e n e f i t s  of Level I and Level 
I1 i n s p e c t i o n s ,  wi th  c o s t  measured i n  amount of  t i m e  necessary  t o  complete 
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an i n s p e c t i o n  and b e n e f i t s  measured a s  t h e  a b i l i t y  of t h e  i n s p e c t o r  t o  c o r r e c t l y  
a s c e r t a i n  noncompliance. During t h e  c o u r s e  of t h e  f i e l d  i n s p e c t i o n s ,  i t  became 
apparent  that  a l l  c o s t s  and b e n e f i t s  of  t h e  v a r i o u s  l eve l s  of i n s p e c t i o n s  
could not  be s u f f i c i e n t l y  q u a n t i f i e d  t o  be amenable t o  s t a t i s t i c a l  a n a l y s i s .  
Therefore ,  t h e  a n a l y s i s  presented  below combines s u b j e c t i v e  ana lyses  based 
upon i n s p e c t o r  obse rva t ions  w i t h  a s t a t i s t i ca l  a n a l y s i s .  

The remainder o f  t h e  d i s c u s s i o n  i s  d iv ided  i n t o  t h r e e  s e c t i o n s  a s  f o l -  
lows: 

Cost of i n s p e c t i o n s  

Ef fec t iveness  o f  t h e  i n s p e c t i o n  i n  i d e n t i f y i n g  c o n t r o l  
equipment and inc idences  of noncompliance. 

Addi t iona l  b e n e f i t s  of i n spec t ions .  

It should be  noted t h a t  the number of e l e v a t o r s  i n spec ted  us ing  Level 111 
procedures was i n s u f f i c i e n t  t o  inc lude  t h a t  l e v e l  i n  t h e  s t a t i s t i c a l  analy- 
s is .  However, s u b j e c t i v e  judgments concerning c o s t s  and b e n e f i t s  of  Level 
I11 i n s p e c t i o n s  have been included i n  t h e  d iscuss ion .  

Cost of  In spec t ions  

T h e  primary c r i t e r i a  by which i n s p e c t i o n  c o s t s  w e r e  eva lua ted  w a s  the 
amount of  t i m e  necessary  f o r  a s i n g l e  i n s p e c t o r  t o  complete an inspec t ion .  
I n i t i a l l y ,  t h e  t i m e  necessary  t o  complete Level I and Level I1 i n s p e c t i o n s  
was eva lua ted  f o r  36 e l e v a t o r s ;  12 Class A ,  1 2  Class B,  7 Class  C ,  and 5 Class  D 
( see  Appendix E ,  pazes  1 1 2  and 113, f o r  d e f i n i t i o n  of e l e v a t o r  c l a s s e s ) .  

The r e s u l t s  of t h e  a n a l y s i s  i n d i c a t e  t h a t  Level I i n s p e c t i o n s  a r e  s i g -  
n i f i c a n t l y  l e s s  c o s t l y  than  Level 11, and t h e  c o s t  r educ t ion  ( o r  t i m e  re-  
duced) i s  a func t ion  o f  e l e v a t o r  type. For t h e  fou r  e l e v a t o r  c l a s s e s ,  t h e  
times a r e  shown below. 

T i m e  requi red  t o  conduct T i m e  r equ i r ed  t o  conduct 
Level  I inspec t ion  (min) Level 11 i n spec t ion  (min) 
Mean Range - Mean Range Eleva tor  c l a s s  - 

A 7 
B 20 
C 16 
D 29 
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1-12 23 
7-45 32 
5-32 65 
15-39 96 

5-45 
10-64 
40-145 
68-125 



I t  should be noted t h a t  t h e  d i f f e r e n c e  i n  t ime  between Level I and Level I1 
i n s p e c t i o n s  i s  much g r e a t e r  f o r  C las s  C and D e l e v a t o r s .  This  r e s u l t s  p r i -  
m a r i l y  from the f a c t  t h a t  most Class  A and C l a s s  B e l e v a t o r s  had no emission 
c o n t r o l  equipment. Thus, f o r  t hese  c l a s s e s  o f  e l e v a t o r s  the pr imary d i f f e r e n c e  
between Level  I and Level  I1 was t h e  t i m e  r e q u i r e d  t o  o b t a i n  process  d a t a  from 
t h e  e l e v a t o r  o p e r a t o r .  

Each e l e v a t o r  c l a s s  (except  B and C f o r  Level I) posses ses  a unique 
mean i n s p e c t i o n  t ime according t o  a one-way a n a l y s i s  of va r i ance  performed 
on t h e  da ta .  I n d i v i d u a l  i n s p e c t i o n  t imes va ry  by a b o u t ?  18  min (Level I) 
and 2 44 min (Level 11) from t h e  r e s p e c t i v e  means f o r  Level I and Level 11. 
Because of t h i s  wide v a r i a n c e ,  no numerical  e s t i m a t e  of t h e  time d i f f e r e n c e  
between Level I and Level I1 can be made w i t h  any s t a t i s t i c a l  confidence.  
However, i n s p e c t i o n  times f o r  both levels i n c r e a s e  on t h e  average according 
t o  e l e v a t o r  c l a s s ,  and Level I1 i n s p e c t i o n  t ime i s  always g r e a t e r  than  Level 
I i n s p e c t i o n  t i m e .  

Based on obse rva t ions  made by t h e  i n s p e c t o r s ,  t h e  l a c k  of  c o r r e l a t i o n  
between Level I and Level I1 i n spec t ion  t i m e s  i s  reasonable .  The amount of 
time necessary  t o  complete a Level I i n s p e c t i o n  i s  based on e l e v a t o r  s i z e ,  
amount of  a c t i v i t y ,  and ease of access .  In a d d i t i o n  t o  t h e  above f a c t o r s ,  
Level I1 t ime was dependent upon e x t e n t  of c o n t r o l  a p p l i c a t i o n ,  a v a i l a b i l i t y  
of e l e v a t o r  pe r sonne l ,  and wi l l i ngness  of  e l e v a t o r  personnel  t o  a l low p l a n t  
access .  Given t h e  wide v a r i a t i o n  i n  i n s p e c t i o n  t ime r e s u l t i n g  from t h e s e  
f a c t o r s ,  t h e  l ack  o f  c o r r e l a t i o n  i s  n o t  s u r p r i s i n g .  

Another f a c t o r  t h a t  a f f e c t s  the  c o s t  o f  Level I and Level I1 inspec-  
t i o n s  i s  t h e  amount of d r i v i n g  t ime between e l e v a t o r s .  In o r d e r  t o  examine 
t h i s  f a c t o r ,  t h e  number of  Level I i n s p e c t i o n s  t h a t  could reasonably be com- 
p l e t e d  dur ing  a day was examined. F i r s t ,  a r o u t e  was e s t a b l i s h e d  f o r  t h e  
Level I i n s p e c t o r  t h a t  would a l low him t o  i n s p e c t  t h e  s u b j e c t  e l e v a t o r s  i n  
t h e  same ha l f -day  a s  t h e  Level  11 i n spec to r s .  The Level I i n s p e c t o r  w a s  then  
i n s t r u c t e d  t o  per form sd ld i t i cna l  ins:ect ims of 3c.y e l w a t e r  along the r o u t e ;  
During one 6 h r  day, n ine  i n s p e c t i o n s  inc lud ing  two Class  D e l e v a t o r s ,  were 
performed. During another  8 h r  day, 14 i n s p e c t i o n s  (mostly Class  B and C) 
were performed. Other  e l e v a t o r s  were s i g h t e d  during t h e  day b u t  were n o t  
i n spec ted  i n  o r d e r  t o  meet t h e  Level I1 schedule .  Based on these  obse rva t ions ,  
i t  is expected t h a t  a t  l e a s t  1 2  and p o s s i b l y  a s  many a s  15 t o  20 Level I 
i n s p e c t i o n s  can  be  performed i n  a day. Th i s  compares with a maximum of  four  
Level ,  I1 i n s p e c t i o n s  t h a t  could  b e  performed. 

Limited d a t a  a r e  a l s o  a v a i l a b l e  on the c o s t  of Level I11 i n spec t ions .  
An in-depth type i n s p e c t i o n  o f  an e l e v a t o r  f a b r i c  f i l t e r  can  r e q u i r e  a s  l i t t l e  
a s  30 min o r  a s  much a s  3 h r .  The average t ime requirements  during t h e  s tudy  
were 1 h r ,  20 min p e r  f i l t e r .  During t h e  s t u d y  it was observed t h a t  t h e  two 
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man i n s p e c t i o n  teams became more e f f i c i e n t  a f t e r  performing two t o  t h r e e  
e l e v a t o r  i n spec t ions  and t h a t  a second i n s p e c t i o n  a t  t h e  sane f i l t e r  u s u a l l y  
requi red  l e s s  t i m e  than an i n i t i a l  i n spec t ion .  Another f a c t o r  a f f e c t i n g  
in spec t ion  t ime requirements  i s  t h e  a v a i l a b i l i t y  o f  e l e v a t o r  personnel  t o  
a s s i s t  t h e  i n s p e c t i o n  teams i n  ene rg iz ing  o r  de-energizing a f i l t e r  system, 
opening ha tches ,  and locking o u t  e l e c t r i c a l  components. During t h e  s tudy ,  
PEDCo i n s p e c t o r s  were r equ i r ed  t o  w a i t  20  min a t  one e l e v a t o r  and 1 h r  a t  
another  f o r  a p l a n t  maintenance man t o  ass is t  i n  t h e  in spec t ions .  Both of  
these  de l ays  occurred a t  count ry  e l e v a t o r s  dur ing  t h e  h a r v e s t  season. 

An in-depth s t y l e  i n s p e c t i o n  r e q u i r e s  f i e l d  equipment c o s t i n g  between 
$500 and $750. Items requ i r ed  inc lude  p i t o t  tubes,  p o r t a b l e  magnehelic guages, 
a clamp-on ammeter, a phototachometer,  a d i a l  thermometer, p l u s  misce l laneous  
hand too l s .  In spec to r s  should a l s o  c a r r y  proper  s a f e t y  equipment inc lud ing  
hard h a t s ,  e a r  p r o t e c t i o n ,  d u s t  r e s p i r a t o r s ,  and s a f e t y  goggles  and they  
should be  i n s t r u c t e d  i n  s a f e t y  procedures  t o  be  used dur ing  conf ined  e n t r y  
s i t u a t i o n s  and i n  a r e a s  s u b j e c t  t o  d u s t  explos ions .  

One a d d i t i o n a l  c o s t  f a c t o r  is t h e  number of persons r equ i r ed  t o  conduct, 
t h e  i n spec t ion .  Level I i n s p e c t i o n s  can be conducted by only one i n s p e c t o r  
and r e q u i r e  no a s s i s t a n c e  from e l e v a t o r  personnel .  Level I1 i n s p e c t i o n s  can 
a l s o  be performed by one person.  However, f o r  reasons of s a f e t y , ,  i t  i s  neces- 
s a ry  t h a t  t h e  in spec to r  be accompanied by e l e v a t o r  personnel  o r  by another  in -  
spec to r .  Level 111 i n spec t ions  r e q u i r e  two persons t o  conduct t h e  in spec t ion  
and t h e  a s s i s t a n c e  of one e l e v a t o r  o p e r a t o r  t o  ope ra t e  t h e  c o n t r o l  equipment. 

Ef fec t iveness  of In soec t ions  

The comparison o f  t h e  e f f e c t i v e n e s s  of  Level I and Level I1 i n spec t ions  
was judged by two c r i t e r i a :  (1) the a b i l i t y  t o  l o c a t e  and monitor  c o n t r o l  
device exhausts ;  and ( 2 )  t h e  a b i l i t y  t o  a c c u r a t e l y  determine compliance s t a t u s .  
The a b i l i t y  of t h e  i n s p e c t o r  t o  l o c a t e  and monitor  c o n t r o l  device  exhaus ts  
was f i r s t  measured by t h e  number of  c o n t r o l  devices  a t  an e l e v a t o r  and t h e  
number of c o n t r o l  dev ices  i n  use. However, t h e  number of c o n t r o l  devices  
i n  use were found n o t  t o  d i f f e r  s i g n i f i c a n t l y  from a random subse t  of the 
t o t a l  number of c o n t r o l  devices .  The re fo re ,  t h e  measure was reced to  simply 
the  number of c o n t r o l  dev ices  i d e n t i f i e d .  The r e s u l t s  of t h e  a n a l y s i s  a r e  p re -  
sented below. 

There i s  a s i g n i f i c a n t  a s s o c i a t i o n  between Level I and Level I1 f i n d i n g s  
on i d e n t i f y i n g  t h e  number of c o n t r o l  devices .  Level I i n s p e c t i o n s  recorded 
7477 of t h e  c o n t r o l  devices  (63/85) recorded i n  Level 11 inspec t ions ,  wi th  
f i v e  f a l s e  p o s i t i v e s  and 27 f a l s e  nega t ives .  Therefore ,  a Level I i d e n t i f i -  
c a t i o n  provides  a good e s t i m a t e  of t h e  number of c o n t r o l  devices  i n s t a l l e d .  

The number o f  c o n t r o l  devices  i s  dependent on e l e v a t o r  s i z e  so t h a t  
c o s t / b e n e f i t  express ions  were r e l a t e d  t o  e l e v a t o r  c l a s s .  S p e c i f i c a l l y :  
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. For Class A e l e v a t o r s ,  Level I w i l l  i d e n t i f y  50% of t h e  c o n t r o l  de- 
v i c e s  wi th  no f a l s e  p o s i t i v e s .  
d e v i c e s  were i d e n t i f i e d  in  Class  A ,  t h e  r e su l t s  a r e  ques t ionab le . )  

For Class B ,  LeveY'I w i l l  i d e n t i f y  100% of t h e  c o n t r o l  dev ices  wi th  
1 6 %  f a l s e  p o s i t i v e s .  

(Note t h a t  s i n c e  only two c o n t r o l  

. 

For Class C ,  Level  I w i l l  i d e n t i f y  88% of t h e  c o n t r o l  dev ices  with no 
f a l s e  p o s i t i v e s .  

For Class D ,  Level  I w i l l  i d e n t i f y  68% of  t h e  c o n t r o l  devices  wi th  10% 
false p o s i t i v e s .  

The r e s u l t s  p r e s e n t e d  above were supplemented by t h e  fol lowing observa- 
t i o n s  of  i n spec to r s .  F i r s t ,  a s  suggested by t h e  da t a ,  c o n t r o l  equipment i s  
o f t e n  d i f f i c u l t  t o  l o c a t e  i n  Class  D e l e v a t o r s  a s  i t  i s  o f t e n  loca ted  be- 
tween rows of  b i n s  o r  on top o f  dump p i t s  n o t  v i s i b l e  from t h e  p rope r ty  l i ne .  
Second, Level I i n s p e c t o r s  noted t h a t  f o r  a l l  s i z e  e l e v a t o r s ,  t h e  ope ra t ing  
s t a t u s  o f  c o n t r o l  equipment with no v i s i b l e  emissions l o c a t e d  on top of the 
headhouse could  n o t  be  determined. Thus, the Level I i n s p e c t o r  could not  
de te rmine  whether t h e  equipment was o p e r a t i n g  i n  compliance o r  no t  opera t ing .  
Thus Level I i n s p e c t i o n  o f t e n  can only  de te rmine  t h a t  t h e  source i s  "not 
ope ra t ing  o u t  of compliance" r a t h e r  t han  that t h e  source  i s  i n  compliance. 
The a b i l i t y  t o  make such a de te rmina t ion  i s  a b e n e f i t  of Level I1 which can- 
n o t  be  measured s t a t i s t i c a l l y .  

The second e v a l u a t i o n  cr i ter ia  was the a b i l i t y  of  t h e  i n s p e c t i o n  t o  
determine compliance. As i n d i c a t e d  e a r l i e r ,  t h e  l e v e l s  of i n s p e c t i o n  con- 
c e p t  assumes t h a t  any e l e v a t o r  o u t  of  compliance a t  Level I w i l l  be  o u t  of  
compliance a t . L e v e 1  11. Therefore ,  t h e  r e l a t i v e  e f f e c t i v e n e s s  of Level I 
and Level  I1 were examined by s t a t i s t i c a l l y  t e s t i n g  Level I a s  a p r e d i c t o r  
o f  Level 11. Only about  17% (7/36 by Level I, 5/36 by Level 11) of  the e le -  
v a t o r s  w e r e  determined oiit o f  cmpli.anr,e, T h e  p ropor t ion  does not vary si,g- 
n i f i c a n t l y  wi th  e l e v a t o r  c l a s s ,  based on the X2 t e s t .  In o t h e r  words, t h e  
compliance f a c t o r  i s  independent of e l e v a t o r  type. This  s ta tement  m u s t  be 
somewhat tempered by t h e  f a c t  t h a t  the sample s i z e  i s  small  f o r  i d e n t i f y i n g  
any such v a r i a t i o n .  

O f  t h e  seven Level I "pos i t i ves"  and the f i v e  Level I1 "pos i t ives ,"  
on ly  one match ( e l e v a t o r  where both methods ag ree  on o u t  of  compliance) i s  
observed. Th i s  one occurrence can be expected by chance (35136). In o t h e r  
words, t h e  r e s u l t  of  a Level I i n s p e c t i o n  does n o t  p r e d i c t  t h e  outcome of 
a Level II compliance determinat ion.  

Based on t h e  above a n a l y s i s ,  the immediate conclus ion  i s  t h a t  Level 
1 i n s p e c t i o n s  a r e  of  l i t t l e  value i n  p r e d i c t i n g  compliance (assuming t h e  
Level  11. conclus ions  a r e  t h e  "true" i n d i c a t o r ) .  However, a more c a r e f u l  
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a n a l y s i s  of t h e  d a t a  l e a d s  t o  a d i f f e r e n t  conclus ion .  Of t h e  11 c a s e s  of non- 
compliance i d e n t i f i e d  dur ing  Level I and Level  I1 i n s p e c t i o n s ,  a l l  were a re- 
s u l t  of emissions from a n  uncon t ro l l ed  s o u r c e ,  e i t h e r  an e l e v a t o r  wi th  no con- 
t r o l  o r  an uncont ro l led  ope ra t ion  a t  an e l e v a t o r  w i t h  some c o n t r o l .  Thus, a l l  
c o n t r o l l e d  ope ra t ions  were found t o  b e  i n  compliance by both Level  I and Level 
I1 data .  

The informat ion  p resen ted  above l e a d s  t o  a r e v i s i o n  o f  t h e  o r i g i n a l  
conclusion. For c o n t r o l l e d  g r a i n  e l e v a t o r  ope ra t ions ,  the d a t a  ga the red  dur- 
i ng  t h e  f i e l d  program a r e  n o t  s u f f i c i e n t  t o  determine the r e l a t i v e  e f f e c t i v e -  
nes s  of Level I and Level I1 i n s p e c t i o n s  i n  enforc ing  a g a i n s t  opac i ty  vio-  
l a t i o n s .  This  lack  of  d a t a  on c o n t r o l l e d  e l e v a t o r s  r e s u l t e d  i n  p a r t  from 
an i n c o r r e c t  assumption dur ing  t h e  development of t h e  p r o t o c o l  t h a t  a l l  Class  
B and some Class  A e l e v a t o r s  would have some type of  emiss ions  c o n t r o l .  The 
lack  of  d a t a  was a l s o  a r e s u l t  of  t h e  absence of noncompliance f o r  c o n t r o l l e d  
e l e v a t o r  opera t ions .  

For uncont ro l led  sources ,  s e v e r a l  conclus ions  might p o s s i b l y  be reached. 
The f i r s t  i s ,  a s  before ,  t h a t  Level I i n s p e c t i o n s  a r e  of no va lue  i n  p re -  
d i c t i n g  noncompliance ( aga in  assuming Level I1 i d e n t i f i e s  " t rue"  noncompliance). 
However, i f  t h e  d a t a  a r e  analyzed under  t h e  assumption t h a t  both Level I 
and Level I1 c o r r e c t l y  i d e n t i f y  " t rue" noncompliance, a d i f f e r e n t  conclus ion  
i s  reached. The conclusion i s  t h a t  f o r  uncon t ro l l ed  g r a i n  e l e v a t o r  opera- 
t i o n s ,  noncompliance with r e s p e c t  t o  v i s i b l e  emissions,  i s  n o t  a cont inuous 
s t a t u s  b u t  i s  a d i s c r e t e  occurrence,  dependent on a f a c t o r  o r  f a c t o r s  o t h e r  
than  t h e  s p e c i f i c  opera t ion .  

This  conclus ion  i s  supported by i n s p e c t o r  obse rva t ions  and comments 
from e l e v a t o r  and c o n t r o l  agency personnel .  During the i n s p e c t i o n  of one 
e l eva to r ,  a MRI i n s p e c t o r  observed a s e r i e s  of  fou r  t ruck  dumps i n t o  a p i t  
open on a l l  f o u r  s ides .  Opaci ty  ranged from l e s s  than 10% t o  50% with two 
loads  i n  v i o l a t i o n  of  t h e  20% s t anda rd  and two loads  i n  compliance. In ad- 
d i t i o n ,  e l e v a t o r  and c o n t r o l  agency personnel  i d e n t i f y  some g r a i n s  as  being 
d u s t i e r  than  o the r s .  A l l  this appears  t o  i n d i c a t e  t h a t  de te rmina t ion  of  non- 
compliance of  uncont ro l led  sources  based on o p a c i t y  will be a somewhat ran- 
dom s e l e c t i o n  and may o f t e n  be  dependent upon f a c t o r s  o u t s i d e  t h e  e l e v a t o r ' s  
con t ro l .  This  conclus ion  i s  supported by t h e  r e s u l t s  of  Level I and Level 
I1 inspec t ions .  

The above ana lyses  l ead  t o  the fo l lowing  conclus ions :  

. Level I inspec t ions  can be performed in much l e s s  t ime 
than Level I1 i n spec t ions  (with p o s s i b l y  t h r e e  t o  f o u r  
times a s  many inspec t ions  performed on a d a i l y  b a s i s ) .  

. Data a r e  i n s u f f i c i e n t  t o  compare t h e  e f f e c t i v e n e s s  of  
Level I and Level I1 with r e s p e c t  t o  c o n t r o l l e d  opera t ions .  
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. Determinat ion of  v i s i b l e  emissions 
t r o l l e d  sources  (by Level I o r  11) 
i n  a random s e l e c t i o n  o f  e l e v a t o r s  
r e g a r d l e s s  of l e v e l  used. 

compliance of uncon- 
w i l l  probably r e s u l t  
f o r  enforcement a c t i o n ,  

O the r  B e n e f i t s  of  I n s p e c t i o n s  

Observat ions o f  t h e  i n s p e c t o r s  i n d i c a t e  t h a t  Level I1 and Level I11 
i n s p e c t i o n s  have b e n e f i t s  which were n o t  measured a s  p a r t  of  t h e  a n a l y s i s  
performed above. Level  I1 has  two a d d i t i o n a l  advantages over  Level I. F i r s t ,  
a s  i n d i c a t e d  earlier,  access  t o  t h e  c o n t r o l  equipment w i l l  a l low the inspec-  
t o r  t o  de te rmine  i f  t h e  equipment i s  o p e r a t i n g  i n  compliance o r  no t  opera t -  
ing.  If t h e  equipment i s  not opera t ing ,  i t  i s  p o s s i b l e  f o r  the i n s p e c t o r  
t o  r e q u e s t  t h a t  t h e  system be  s t a r t e d  t o  a s c e r t a i n  t h a t  i t  i s  a t  l e a s t  me- 
c h a n i c a l l y  operable .  In l i g h t  of t h e  c o n d i t i o n  of  some of  t h e  equipment in -  
spec ted ,  t h i s  knowledge i s  c e r t a i n l y  b e n e f i c i a l .  

The o t h e r  advantage of Level I1 i s  that  by e n t e r i n g  t h e  e l e v a t o r ,  t h e  
i n s p e c t o r  w i l l  o b t a i n  some informat ion  on o p e r a t i n g  p r a c t i c e s .  Poor house- 
keeping o r  excess ive  d u s t  around v e n t i l a t e d  ope ra t ions  a r e  s i g n s  of p o s s i b l e  
c o n t r o l  problems. An e l e v a t o r  i n  which such  cond i t ions  e x i s t  should be moni- 
t o r e d  c a r e f u l l y .  

One a d d i t i o n a l  obse rva t ion  o f  t h e  Level I1 i n s p e c t o r s  was t h a t  coopera- 
t i o n  was g e n e r a l l y  hard  t o  obtain.  It was f e l t  t h a t  t h i s  was due p r imar i ly  
t o  t h e  h a r v e s t  t i m e  demands on t h e  ope ra to r .  It i s  recomended t h a t  Level 
I1 obse rva t ions  n o t  take  p l a c e  dur ing  ha rves t .  

The b e n e f i t s  o f  Level 111 i n s p e c t i o n s  were n o t  cons idered  a s  a p a r t  
of  t h e  s t a t i s t i c a l  ana lys i s .  However, s e v e r a l  advantages of  t h e  procedure 
were i d e n t i f i e d  by t h e  Level 111 i n s p e c t o r s ,  i nc lud ing  a de te rmina t ion  of 
noncompliance wi th  t h e  mal func t ion  r e g u l a t i o n  which was not  i d e n t i f i e d  by 
Level I and Level I1 inspec t ions .  Other b e n e f i t s  of t h e  Level 111 inspec-  
t i o n s  a r e  desc r ibed  below. 

The in-depth Level 111 procedures  uncovered many f a b r i c  f i l t e r  prob- 
lems t h a t  were n o t  apparent  a f t e r  t h e  Levels  I and I1 procedures  had been 
completed. Seven f i l t e r s  were not  v i s i b l e  from o u t s i d e  t h e  p l a n t  boundaries 
(E leva to r s  1, 2 ,  4 ,  and 8) and consequent ly  could not  be eva lua ted  by Level 
I procedures .  Level 111 i n spec t ions  uncovered f i v e  f a u l t y  d i f f e r e n t i a l  ma- 
nometers which appeared t o  be ope ra t ive  when judged by Level I1 procedures  
(E leva to r s  4 ,  5, 6 ,  and 7 ) .  Fina l ly ,  t h e  Level  111 procedures  uncovered s e r i -  
ous bag b l i n d i n g  and hopper plugging problems a t  one f i l t e r ,  which were not  
apparent  a f t e r  t h e  Level I1 i n spec t ions  (E leva to r  8).  Discovery of t h e  b l ind -  
ing  and plugging problems prompted t h e  management of t h e  e l e v a t o r  t o  i n i -  
t i a t e  e a r l y  r e p a i r s .  These malfunct ions may n o t  have o therwise  been discov-  
e red  u n t i l  t h e  f i l t e r  system had d e t e r i o r a t e d  i n t o  f u r t h e r  d i s r e p a i r .  
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The in-depth i n s p e c t i o n  seems a p p r o p r i a t e  f o r  e s t a b l i s h i n g  b a s e - l i n e  
opera t ing  d a t a  f o r  a p rope r ly  o p e r a t i n g  f i l t e r  system. Measured base - l ine  
va lues  f o r  f an  power usage, f an  r o t a t i o n  speed, p u l s e  a i r  tank p r e s s u r e ,  
o r  d i f f e r e n t i a l  p r e s s u r e  a c r o s s  t h e  f i l t e r  medium can be used f o r  compari- 
son a t  a l a t e r  d a t e  t o  provide  a quick i n d i c a t i o n  of o p e r a t i o n  o r  mainte- 
nance problems i n  t h e  f i l t e r .  The in-depth  i n s p e c t i o n  can  be used t o  docu- 
ment broken o r  miss ing  bags,  b l inded  bags,  plugged hoppers,  or poor bag 
c leaning;  t h e s e  problems o f t e n  c o n t r i b u t e  t o  increased  p rocess  o r  f u g i t i v e  
emissions. F i n a l i y ,  t h e  in-depth i n s p e c t i o n s  w i l l  i n d i c a t e  t h e  o v e r a l l  l e v e l  
of  maintenance performed on a f i l t e r .  Es t imates  of f i l t e r  r e l i a b i l i t y  can  
be made by not ing  t h e  c o n d i t i o n  of  t h e  f i l t e r  and i t s  appurtenances such 
a s  t h e  fan ,  d u s t  conveyors,  and ins t rumenta t ion .  Evidence of poor mainte-  
nance i s  an i n d i c a t i o n  t h a t  t h e  r e l i a b i l i t y  of a f i l t e r  i s  low and t h a t  t h e  
in spec to r  should schedule  f r equen t  v i s i t s  t o  t h e  f a c i l i t y .  

AN ALTERNATIVE APPROACH TU ENFORCEMENT AND COMPLIANCE MONITORING 

The exper imenta l  compliance moni tor ing  s t r a t e g y  was modif ied t o  r e f l e c t  
t h e  informat ion  ob ta ined  from t h e  f i e l d  eva lua t ion .  A s  a r e s u l t  of t h e  d i f -  
f i c u l t i e s  encountered i n  applying the' o r i g i n a l  s t r a t e g y  dur ing  the f i e l d  
in spec t ions ,  it was decided t h a t  a g e n e r a l  enforcement/monitoring approach 
should be developed. I n  a d d i t i o n  i t  was decided t h a t  a gene ra l i zed  approach 
t o  developing an enforcement/compliance monitor ing s t r a t e g y  had g r e a t e r  
va lue  than  developing a d e t a i l e d  s t r a t e g y .  The fol lowing d i s c u s s i o n  o u t l i n e s  
t h e  key elements  of  t h e  approach, t h e  approach i s  then app l i ed  t o  those  
e l e v a t o r s  i n spec ted  dur ing  t h e  f i e l d  eva lua t ion .  

The i n i t i a l  focus of t h e  approach i s  t h e  p recep t  t h a t  a compliance 
monitoring s t r a t e g y  cannot  be developed a p a r t  from an o v e r a l l  enforcement 
s t r a t egy .  The i n s p e c t i o n  of  C las s  A e l e v a t o r s  i n  Nebraska f o r  v i s i b l e  emis- 
s ions  r e g u l a t i o n s  i n  t h e  absence of a commitment t o  c o n t r o l  t h e s e  e l e v a t o r s ,  
even i f  a v i o l a t i o n  occurred ,  i s  an example of  t h e  f a l l a c y  of  i n c o n s i s t e n t  
monitor ing and enforcement s t r a t e g i e s .  Thus, be fo re  a monitor ing s t r a t e g y  
i s  developed, t h e  b a s i c  enforcement approach should be known. 

The two elements of enforcement p o l i c y  which m u s t  p recede  compliance 
s t r a t e g y  development a r e  t h e  c r i t e r i a  upon which compliance i s  determined 
and t h e  d e s i r e d  enforcement response  to a noncompliant source.  Compliance 
c r i t e r i a  inc lude :  

. Regulat ions t o  b e  enforced 

. F a c i l i t i e s  s u b j e c t  t o  enforcement 

. Opera t ions  s u b j e c t  t o  r e g u l a t i o n  
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P o s s i b l e  enforcement r e a c t i o n s  include:  

, Fine  f o r  noncompliance 

. Require a d d i t i o n a l  c o n t r o l  on  noncompliant ope ra t ion  

. P r o h i b i t  source  from ope ra t ion  u n t i l  noncompliant 
problem i s  so lved  

. Allow source  va r i ance  from compliance 

The development of  a s p e c i f i c  enforcement s t r a t e g y  f o r  g r a i n  e l e v a t o r s  i s  
not  w i t h i n  t h e  scope of  t h i s  s tudy .  However, the d a t a  compiled from t h e  lit- 
e r a t u r e  and t h e  f i e l d  eva lua t ion  l ead  t o  s e v e r a l  obse rva t ions  which may be 
u s e f u l  t o  f e d e r a l ,  s ta te ,  and l o c a l  o f f i c i a l s  i n  developing s p e c i f i c  s t r a t e -  
g i e s .  

It i s  q u i t e  l i k e l y  t h a t  any enforcement s t r a t e g y  w i l l  depend heav i ly  on 
v i s i b l e  emissions r e g u l a t i o n s .  Two f a c t o r s  should be given c a r e f u l  cons ider -  
a t i o n  i n  determining t h e  r o l e  of v i s i b l e  emiss ions  r e g u l a t i o n s  i n  t h e  enforce- 
ment s t r a t e g y .  F i r s t ,  d a t a  from t h e  f i e l d  e v a l u a t i o n  i n d i c a t e  t h a t  s h o r t  term 
obse rva t ion  of o p a c i t y  a t  an uncont ro l led  sou rce  i s  not  an i n d i c a t o r  of t h e  
cont inued  compliance s t a t u s  at  that  source .  A l l  uncon t ro l l ed  sou rces  have t h e  
p o t e n t i a l  f o r  i nc idences  of opac i ty  v i o l a t i o n s .  Thus, i t  i s  recommended t h a t  
enforcement of compliance f o r  uncont ro l led  g r a i n  e l e v a t o r  ope ra t ions  not  be 
based on v i s i b l e  emissions r e g u l a t i o n s .  

A second f a c t o r  t o  cons ider  i s  t h e  r e l a t i o n s h i p  between opac i ty  and g r a i n  
loading .  Data from Sec t ion  4 i n d i c a t e  t h a t  a r a i n  loading  of 0.025 g r / s c f  o r  
less is needed t o  a t t a i n  an opac i ty  of 5 20X.- 
t i o n  of 20% more s t r i n g e n t  t han  any of the concen t r a t ion  r e g u l a t i o n s  i d e n t i -  
f i e d .  In a d d i t i o n ,  d a t a  from Appendix B (Tables  B-8, B-9, B-10, and B - 1 1 )  
LILuLLOCS L L L a L  u V J L  ~ ~ ~ r u ~ t r s  up*tac ing  ai: 'S3 t o  477: e f f i c i e n c y  cannot produce 
a concen t r a t ion  of 5 0.025 g r / s c f .  A s  a r e s u l t ,  cyclone o u t l e t s  w i l l  q u i t e  
l i k e l y  v i o l a t e  a 20% v i s i b l e  emissions r e g u l a t i o n .  It i s  appa ren t ,  then,  t h a t  
a 20% o p a c i t y  r e g u l a t i o n  f o r  a l l  sources  w i l l  f o r c e  t h e  use of f a b r i c  f i l t e r s  
on a l l  g r a i n  e l e v a t o r s .  Given t h e  maintenance problems a s s o c i a t e d  wi th  f a b r i c  
f i l t e r s  a t  small e l e v a t o r s  t h a t  were found dur ing  t h e  f i e l d  e v a l u a t i o n ,  t h e  
requirement of f a b r i c  f i l t e r s  a t  a l l  e l e v a t o r s  may not  l e a d  t o  b e s t  cont inuous 
c o n t r o l  of g r a i n  e l e v a t o r  emissions.  

This  makes an opac i ty  regula-  

<..A,--+- *I--* -^-A -... 1 - - -  

Also i n v e s t i g a t e d  dur ing  t h e  s tudy  w a s  t h e  use of emission f a c t o r s  t o  en- 
f o r c e  process  weight r e g u l a t i o n s .  Three b a s i c  problems were encountered.  
F i r s t ,  t h e  range i n  emissions f a c t o r s  i s  so  l a r g e  t h a t  t h e  use  of  an average 
emission f a c t o r  f o r  a p a r t i c u l a r  e l e v a t o r  i s  ques t ionab le .  Second, i f  t h e  
average emission f a c t o r s  a r e  used (about 10 l b  emis s ions / ton  of g r a i n  handled) 
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every uncont ro l led  e l e v a t o r  i s  noncompliant w i th  a l l  p rocess  weight regula-  
t i o n s  i d e n t i f i e d  during t h e  s tudy.  F i n a l l y ,  no f e a s i b l e  method was found t o  
determine c o n t r o l  system e f f i c i e n c y  t o  e n f o r c e  t h e  process  weight r e g u l a t i o n s  
f o r  c o n t r o l l e d  sources .  It does not  appear  t o  b e  f e a s i b l e  t o  en fo rce  process  
weight r e g u l a t i o n s  except  through emiss ions  t e s t i n g  of c o n t r o l l e d  ope ra t ions .  
In a d d i t i o n ,  random a p p l i c a t i o n  of p rocess  weight r e g u l a t i o n s ,  i n  the absence 
of o t h e r  c r i t e r i a ,  t o  f o r c e  i n s t a l l a t i o n  of c o n t r o l  systems w i l l  r e s u l t  i n  
uneven enforcement.  

Given t h e  problems a s s o c i a t e d  wi th  en fo rc ing  opac i ty  and mass emission 
r egu la t ions ,  i t  is suggested t h a t  an i n i t i a l  de te rmina t ion  be made on t h e  de- 
gree  of c o n t r o l  r equ i r ed  f o r  a p a r t i c u l a r  e l e v a t o r .  
should s p e c i f y  t h e  o p e r a t i o n s  t o  be  c o n t r o l l e d  and e x t e n t  of c o n t r o l  requi red .  
The b a s i s  f o r  t h e  de te rmina t ion  may i n c l u d e  such f a c t o r s  as e l e v a t o r  s i z e ,  
e l eva to r  l o c a t i o n ,  t h e  p o t e n t i a l  emiss ions  from v a r i o u s  o p e r a t i o n s  (based on 
emission f a c t o r s ) ,  and t h e  degree of emiss ions  r educ t ion  a n t i c i p a t e d  from t h e  
c o n t r o l  op t ion .  The c r i t e r i a  descr ibed  above can be combined i n  a number of 
d i f f e r e n t  decision-making s c e n a r i o s  t h a t  may be a p p r o p r i a t e  f o r  a p a r t i c u l a r  
j u r i s d i c t i o n .  It i s  important  t h a t  a n  agency develop a d e c i s i o n  scheme t h a t  
can be app l i ed  uniformly ( o r  a t  least on a l o g i c a l  b a s i s )  t o  a l l  g r a i n  eleva-  
t o r s  l o c a t e d  wi th in  t h e  agency 's  j u r i s d i c t i o n .  

Such a de termina t ion  

F ina l ly ,  t h e  r e s u l t s  of t h e  f i e l d  e v a l u a t i o n  i n d i c a t e  t h a t  v i s i b l e  emis- 
s ions  a r e  an adequate  i n i t i a l  i n d i c a t o r  of  compliance f o r  c o n t r o l l e d  opera- 
t i ons .  However, Level I11 inspec t ions  i n d i c a t e  t h a t  o t h e r  enforcement t o o l s  
may be necessary  t o  i n s u r e  proper  cont inuous  func t ioning  of  the c o n t r o l  
equipment. It  i s  suggested t h a t  an enforcement s t r a t e g y  be based on a com- 
b i n a t i o n  of opac i ty  r e g u l a t i o n  and some type  of housekeeping/equipment regu- 
l a t i o n  which would r e g u l a t e  proper  o p e r a t i o n  and maintenance of  c o n t r o l  
equipment. 

A f t e r  t h e  enforcement s t r a t e g y  has  been completed, a compliance moni- 
t o r ing  s t r a t e g y  can be  developed. The r e s u l t s  of t h e  f i e l d  eva lua t ion  in-  
d i c a t e  t h a t  t h e  Levels of  In spec t ion  concept  has  value i n  sav ing  i n s p e c t i o n  
time and providing a reasonable  a n a l y s i s  of compliance. However, t h e  i n i t i a l  
scheme was modified t o  r e f l e c t  t h e  r e s u l t s  of the f i e l d  eva lua t ion .  

A suggested i n s p e c t i o n  m a t r i x  i s  shown i n  Table  5. The m a t r i x  i s  based 
on t h e  fol lowing premises  i n  a d d i t i o n  t o  t h e  b a s i c  p recep t s  descr ibed  e a r l i e r :  

1. Uncontrol led emissions sources  a r e  n o t  monitor ied f o r  compliance with 
Eugi t ive d u s t  and opac i ty  r egu la t ions .  

2 .  Level I1 and Level I11 i n s p e c t i o n s  should never be performed on 
country e l e v a t o r s  during h a r v e s t  season. 
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3. Level I and Level 11 i n s p e c t i o n s  should  o b t a i n  s u f f i c i e n t  d a t a  t o  
a s s u r e  t h a t  t h e  s t a t u s  of t h e  g r a i n  e l e v a t o r  with r e s p e c t  t o  c o n t r o l  re- 
quirement c r i t e r i a  has  n o t  changed. 

It i s  suggested t h a t  t h e  monitoring s t r a t e g y  a l s o  inc lude  a form t o  
b e  mailed i n  annual ly  by ope ra t ions .  This form ( r e f e r r e d  t o  a s  "Level 0") 
would provide  t h e  d a t a  on which c o n t r o l / n o  c o n t r o l  dec i s ions  a r e  based. The 
Level I and Level  I1 i n s p e c t i o n s  can be used t o  check submit ted da t a .  

Based on t h e  above cons ide ra t ions ,  an a l t e r n a t e  i n s p e c t i o n  monitor ing 
s t r a t e g y  was developed f o r  t hose  e l e v a t o r s  i n spec ted  dur ing  t h e  f i e l d  evalua- 
t i on .  T h i s  s t r a t e g y  does n o t  re f lec t  t h e  p r a c t i c e s  of any p a r t i c u l a r  s t a t e  
o r  l o c a l  agency n o r  i s  t h e  s p e c i f i c  s t r a t e g y  n e c e s s a r i l y  recornended p r a c t i c e  
f o r  s t a t e  o r  l o c a l  agencies .  Rather, i t  is inc luded  t o  i l l u s t r a t e  t h e  type  
of d e c i s i o n  making p rocess  that  can  be used i n  t h e  development of  an enforce- 
ment jmonitor ing s t r a t e g y .  

The g e n e r a l  monitor ing s t r a t e g y  f o r  t h e  e l e v a t o r s  i n spec ted  dur ing  t h e  
f i e l d  s tudy  i s  p r e s e n t e d  i n  F igure  2. To develop t h i s  monitor ing s t r a t e g y ,  
t h e  fo l lowing  assumptions were made r ega rd ing  the enforcement s t r a t e g y .  

. A l l  C la s s  A e l e v a t o r s  and those  C las s  B e l e v a t o r s  l oca t ed  
i n  a t t a inmen t  a r e a s  r e q u i r e  no emiss ions  c o n t r o l .  A l l  o t h e r  
e l e v a t o r s  w i l l  require some type  of  emission c o n t r o l .  

. Regulat ions a r e  a v a i l a b l e  which can r e q u i r e  i n s t a l l a t i o n  
and p rope r  o p e r a t i o n  o f  c o n t r o l  equipment. 

. Visual  evidence of excess  d u s t  o r  i n e f f i c i e n t  c a p t u r e  i n  
t h e  v i c i n i t y  o f  c o n t r o l l e d  ope ra t ion  i s  evidence of  improper 
o p e r a t i o n  and a v i o l a t i o n  o f  r e g u l a t i o n s .  

. Sn~irr_eg are required to -;;t.,-,i: "Le-<;: 0" i-f-~- LI urmatiun forms which con- 
t a i n  s u f f i c i e n t  d a t a  t o  c h a r a c t e r i z e  e l e v a t o r s  regard ing  c o n t r o l  re- 
quirements.  
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Figure 2 - Revised compliance monitoring s t r a t egy .  
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INTRODUCTION 

G r a i n  e l e v a t o r s  a r e  involved i n  the t r a n s f e r ,  cond i t ion ing ,  and s t o r a g e  
of  g r a i n s  and o t h e r  a g r i c u l t u r a l  p roducts  ( p r i m a r i l y  soybeans) a s  they a r e  
passed  from t h e  farmer t o  t h e  f i n a l  p rocess ing  o r  expor t ing  f a c i l i t y .  A s  
a r e s u l t  of t h e  d i s p e r s a l  of  a g r i c u l t u r a l  o p e r a t i o n s  throughout t h e  country,  
t h e  g r a i n  e l e v a t o r  i n d u s t r y  p o t e n t i a l l y  impacts  on t h e  ambient a i r  q u a l i t y  
throughput  i n  t h e  United S t a t e s .  

Th i s  s e c t i o n  p r e s e n t s  t h e  background d a t a  on t h e  i n d u s t r y  which can 
be used t o  h e l p  determine t h e  impact of t h e  i n d u s t r y  on va r ious  a r e a s  of 
t h e  count ry .  The f i rs t  subsec t ion  p rov ides  a b r i e f  d e s c r i p t i o n  of t h e  i n -  
d u s t r y  s t r u c t u r e .  The second s e c t i o n  d e s c r i b e s  t h e  o p e r a t i o n s  which can be 
found i n  a t y p i c a l  g r a i n  e l eva to r .  

INDUSTRY STRUCTURE 

The primary func t ion  of  the  g r a i n  e l e v a t o r  i n d u s t r y  i s  t o  a s s i s t  i n  
t h e  movement of  g r a i n  from t h e  farmer t o  t h e  processor  o r  expor te r .  Although 
t h e  o p e r a t i o n s  conducted a t  each g r a i n  e l e v a t o r  a r e  s i m i l a r ,  t h e  e l e v a t o r s  
a r e  d iv ided  i n t o  v a r i o u s  c l a s s i f i c a t i o n s  according t o  t h e i r  s i z e ,  source  
of  g r a i n ,  and d e s t i n a t i o n  of  shipments. The paragraphs below d e s c r i b e  t h e  
c l a s s i f i c a t i o n  system t h a t  i s  used f o r  g r a i n  e l e v a t o r s  and i d e n t i f y  charac- 
t e r i s t i c s  such a s  s i z e ,  l o c a t i o n ,  and number of e l e v a t o r s  a s s o c i a t e d  with 
each c l a s s .  

The U.S. Department of Agr i cu l tu re  i d e n t i f i e s  two c l a s s e s  of e l e v a t o r s ;  
count ry  and t e rmina l ,  on t h e  b a s i s  t h a t  t e r m i n a l  e l e v a t o r s  f u r n i s h  USDA 
o f f i c i a l  weights  under the supe rv i s ion  of  a s t a t e  i n spec to r .  However, the 
g e n e r a l l y  used d e f i n i t i o n s  a r e  n o t  so p r e c i s e .  Country e l e v a t o r s  a r e  def ined  
a s  those  e l e v a t o r s  which rece ive  t h e  bulk  o f  t h e i r  g r a i n  d i r e c t l y  from t h e  
farm. Terminal e l e v a t o r s  a r e  those  which s h i p  g r a i n  d i r e c t l y  t o  a processor  
y L  a,LO _... AI.-4- el- ... zre nf ter?  c i a s s i f i e d  as  e i t h e r  p o r t  
o r  i n l a n d  te rmina ls .  These c l a s s i f i c a t i o n s  methods r e s u l t  i n  a t h i r d  c l a s s  
of e l e v a t o r s ,  subterminals .  These a r e  e l e v a t o r s  which r e c e i v e  t h e  bulk of  
t h e i r  shipments from count ry  e l eva to r s ,  b u t  s t i l l  r e c e i v e  a s i g n i f i c a n t  m o u n t  
of g r a i n  from farms. These e l e v a t o r s  s h i p  g r a i n  t o  t e rmina l  e l e v a t o r s  or 
d i r e c t l y  t o  processors .  It must be noted t h a t  t h e s e  d e f i n i t i o n s  a r e  not  p r e c i s e  
and t h e r e  i s  some ambiguity i n  c l a s s i f y i n g  g r a i n  e l e v a t o r s .  

A- -.-A-+ c h -  ---in Theen 

I n  gene ra l  then,  g r a i n  moves from t h e  farmer t o  a country e l eva to r .  
From t h e r e ,  i t  goes t o  a te rmina l  e l e v a t o r  (poss ib ly  through a subtermina l )  
and i s  then  shipped t o  a processor  or exported.  Typica l  pathways f o r  wheat, 
feed  g r a i n s ,  and soybeans a r e  shown i n  F igures  A - 1  t o  A-3. 
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P r e c i s e  d a t a  a r e  n o t  a v a i l a b l e  on the number, s i z e ,  and l o c a t i o n  o f  
g r a i n  e l e v a t o r s .  The USDA has  c o n t r a c t s  w i t h  many e l e v a t o r s  t o  handle  govern- 
ment and p r i c e  supported g r a i n .  The number an caDacity of  t h e s e  e l e v a t o r s  
on a s t a t e  b a s i s  i s  p resen ted  i n  Table  A-i.- A t o t a l  of 6 , 2 8 7  country e l e -  
v a t o r s  and 381 t e r m i n a l  e l e v a t o r s  a r e  r e p o r t e d  by USDA. However, an e a r l i e r  
s tudy  by M R I  compared t h e  number of count ry  e l e v a t o r s  r e p o r t e d  by USDA t o  
t h o s e  l i s t e d  by S t a t e  f eed  and g r a i n  a s s o c i a t i o n s  f o r  13 of t h e  l a r g e s t  g r a i n  
producing s t a t e s 2 l  The a s s o c i a t i o n s  r e p o r t e d  1.306 t i m e s  a s  many count ry  
e l e v a t o r s  a s  the USDA. Using this m u l t i p l i e r ,  t h e  t o t a l  number of count ry  
e l e v a t o r s  i s  e s t ima ted  t o  be 8,210. A document prepared  by t h e  Nat iona l  Gra in  
and Feed Assoc ia t ion  i n  1977 i n d i c a t e d  t h a t  t h e r e  were 540 t e rmina l  e l e v a t o r s  
d iv ided  i n t o  413 i n l a n d  t e rmina l s ,  45 high  throughput t e rmina l s ,  and 82 p o r t  
t e r m i n a l s g ’  Thus, t h e  t o t a l  number of  e x i s t i n g  g r a i n  e l e v a t o r s  i s  e s t ima ted  
t o  be about 9,000. We a r e  aware t h a t  s t a t e  and l o c a l  agencies  may have more 
a c c u r a t e  e s t i m a t e s  of e l e v a t o r s .  However, such d e t a i l e d  a n a l y s i s  was n o t  
w i th in  t h e  scope of  t h i s  study. Addi t iona l  s t u d i e s  a r e  being conducted by 
EPA t o  o b t a i n  b e t t e r  i d e n t i f i c a t i o n  o f  g r a i n  e l e v a t o r s .  
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Based on t h e  d a t a  i n  Table  A-1,  t h e  average  s t o r a g e  c a p a c i t y  of  count ry  
e l e v a t o r s  i s  about  6 x LO5 bushe l s  and t h e  average c a p a c i t y  of t e rmina l s  
i s  about  4.4 x LO6 bushels .  However, there i s  s i g n i f i c a n t  v a r i a t i o n  i n  capac i ty  
ac ross  t h e  indus t ry .  Reference 2 es t ima ted  t h e  percentage  of count ry  e l e -  
v a t o r s  i n  each s i z e  ca t egory  a s  follows: 

E leva to r  s i z e  
( l o 3  bu) 

’ 0-100 
101-400 
401-600 
601-2,000 

Percen t  o f  
count ry  e l e v a t o r s  

30.8 
45.3 

9.9 
14.0 

‘Terminai e i e v a t o r s  a i s 0  vary in s i z e .  Capac i t i e s  i n  excess  of  50 mi i i i o i i  
bushe l s  have been b u i l t  a t  a s i n g l e  loca t ion .  T h i s  i nc ludes  b ins ,  s t o r a g e  
tanks ,  and s t o r a g e  i n  warehouse type  f a c i l i t i e s  which have been added t o  
t h e  o r i g i n a l  f a c i l i t y .  One f a c i l i t y  has  a t o t a l  o f  18 m i l l i o n  bushe l s  capac i ty  
under  one roof.- 2 1  

Another measure of  “ s i z e “  of  g r a i n  e l e v a t o r s  i s  t h e  annual throughput,  
i.e., t h e  t o t a l  amount of  g r a i n  handled by an e l e v a t o r  dur ing  a year.  The 
r a t i o  of  g r a i n  handled t o  capac i ty  v a r i e s  between e l e v a t o r s  and a t  each e l e -  
v a t o r  from yea r  t o  year .  The v a r i a t i o n  a t  count ry  e l e v a t o r s  i s  p r i m a r i l y  
dependent upon t h e  amount of g r a i n  ha rves t ed  i n  the a r e a  dur ing  t h e  p a r t i c u -  
l a r  year  and upon t h e  a c c e s s i b i l i t y  of sh ipp ing  c a p a c i t y  t o  t h e  e l eva to r .  
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TABLE A-1.16’  XLTIBER AND LOCATION OF GRAIN ELEVATORSL’ 

Country e l e v a t o r s  Terminal e l e v a t o r s  
Capac i ty  Capaci ty  

Location Number (LO3 bu) Number (LO3 bu) 

Region I 
Connecticut 
Maine 
Massachusetts 
New Hampshire 
&ode I s l and  
Vermont 

Region I1 
New J e r s e y  
New York 

Region 111 
Delaware 
lbry land  
Pennsylvania 
Virg in ia  
West V i r g i n i a  

Region I V  
Alabama 
F lo r ida  
Georgia 
Kentucky 
Miss i ss ippi  
North Caro l ina  
South Caro l ina  
Tennessee 

Region V 
I l l i n o i s  
Indiana 
Minnesota 
Michigan 
Ohio 
Wisconsin 

1 

1 
- 
- 
- 
- 
- 
- 
- 
- 
13 
4 
3 
5 
1 - 

202 
18 
5 

52 
17 
24 
30 
26 
30 

1,507 
608 
147 
488 
83 
144 
37 

45 

6,405 7 
2,930 - 
1,046 2 
2,399 2 

30 3 

120 , 450 10 
14,544 - 

2 , 607 - 
21,332 - 
10,945 3 
16,278 3 
22,829 1 
8,300 - 
23,615 3 

957,117 90 
523,189 22 
105,645 6 
186,800 30 
37,983 3 
88,846 22 
14,654 9 

- - 
- 
- 
- 
- 
- 

34,850 

34,850 

22,284 

9,370 
2,621 
10,293 

- 

- 

- 

33,355 - 
- - 
9,787 
15,681 

497 

7,390 

441,018 
122,604 
40,462 
148,279 
12,023 
72,107 
45,540 

- 



TABLE A-1 .XI (Concluded) 

Country e l e v a t o r s  Terminal e l e v a t o r s  
Capac i ty  Capacity 

Location Number ( lo3  bu) Number ( lo3  bu)  

Region V I  
Arkansas 
Louis iana 
New Mexico 
Oklahoma 
Texas 

Region V I 1  
Iowa 
Kansas 
Missouri  
Nebraska 

Region V I 1 1  
Colorado 
Montana 
North Dakota 
South Dakota 
Utah 
Wyoming 

ReSion I X  
Arizona 
C a l i f o r n i a  
Hawaii 
Nevada 

Region X 
Alaska 
Idaho 
Oregon 
Washington 

763 
101 

27 
14 

202 
419 

2,351 
766 
805 
198 
582 

1,161 
92 

516 
314 

3 

218 

18 

43 
13  
30 - 

- 
243 

113 
50 

- 

a3  

682,605 
128,731 

118,826 

22,493 
16,205 

396,350 

1,412,574 
496 , 525 
472,363 

92,494 
351,192 

304,551 

42,719 

77,720 
970 

3, 116 

49,070 
10,106 

55,478 

124,548 

38 , 964 - 

231 , 331 

55,722 
- 

38,511 
137,098 

90 

6 

15 
61 

132 
23 
56 
20 
33 

23 
6 
4 
7 
1 
5 

a 

- 

- 
5 

5 
- 
- 
- 

16 

1 
5 
10 

- 

441,757 
39,917 
39,679 

- 
76,859 

583 , 443 

80,281 
i26,928 

45,877 

288,302 

55,514 
320,720 

13,292 
4,405 

16,226 
2 , 242 
9,712 
- 

20,140 

20,140 
- 
- 
- 

51,180 

732 
14,369 
36,079 

- 

- a/ The e l e v a t o r s  r ep resen ted  i n  t h i s  t a b l e  are those  having Uniform Grain 
S torage  agreements with the  U.S. Department of Agr i cu l tu re .  The number 
of count ry  e l e v a t o r s  repor ted  i s  g e n e r a l l y  low. A b e t t e r  e s t ima te  can 
b e  obta ined  by mul t ip ly ing  t h e  number of country e l e v a t o r s  by a f a c t o r  
of 1.306 ( s e e  t e x t ) .  
according t o  e s t i m a t e s  of Nat iona l  Feed and Grain Dealers  Assoc ia t ion  
shown on p .  43. 

Note t h a t  the  number of te rmina ls  may a l s o  b e  l o w  
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The volume of g r a i n  handled by i n l a n d  t e rmina l s  i s  dependent upon a 
number of  f a c t o r s ,  such a s  q u a n t i t y  of g r a i n  harves ted ,  Commodity C r e d i t  
Corporat ion movements of  g r a i n ,  q u a n t i t y  of  expor t s ,  and market ing channels  
used by g r a i n  merchants and processors .  I n  add i t ion ,  t h e  q u a n t i t i e s  of g r a i n  
handled by a s p e c i f i c  te rmina l  e l e v a t o r  a r e  a f f e c t e d  by t r a n s p o r t a t i o n  and 
l o c a t i o n  f a c t o r s .  Because of favorable  t r a n s p o r t a t i o n  r a t e s ,  g r e a t e r  quant i -  
t i e s  of  g r a i n  a r e  being shipped from i n l a n d  t e rmina l s  by barge. A s  a r e s u l t ,  
t e rmina ls  which a r e  l o c a t e d  on navigable  waterways a r e  handl ing a r e l a t i v e l y  
g r e a t e r  volume of g r a i n  than  t e rmina l s  which have a v a i l a b l e  only  r a i l  and 
t ruck  t r anspor t a t ion .  

Typica l  r a t i o s  of g r a i n  handled t o  s t o r a g e  capac i ty  a r e  shown below:- 151 

Country e l e v a t o r  2.O:l 

In land  te rmina l  1.4:l 

P o r t  t e rmina l  7.6:l 

GRAIN ELEVATOR OPERATIONS 

Country Eleva tors  

The d e f i n i t i o n  of  a count ry  e l e v a t o r  appears  t o  be  somewhat a r b i t r a r y .  
However, f o r  t h e  purposes  of this d i scuss ion ,  a count ry  e l e v a t o r  w i l l  be 
def ined  by t h e  fol lowing c h a r a c t e r i s t i c s :  

1. Receives g r a i n  by t r u c k  only ,  p r i m a r i l y  from farmers. 

2 .  Receiving l eg  handl ing c a p a c i t y  o f  10,000 bu lh r  or l e s s .  

3. The s t o r e d  g r a i n  i s  shipped o u t  by t r u c k  and/or  r a i l .  

Country e l e v a t o r s  range i n  s t o r a g e  c a p a c i t y  from 15,000 bu t o  more than  
2 m i l l i o n  bushels .  These e l e v a t o r s  r e c e i v e  and s t o r e  t h e  g r a i n  wi th  subsequent 
shipment t o  t e rmina l  e l e v a t o r s ,  m i l l s ,  and o t h e r  process ing  p l an t s .  I n  a d d i t i o n  
t o  s to rage ,  the count ry  e l e v a t o r  sometimes inc ludes  f a c i l i t i e s  t o  c l e a n  the 
g r a i n  o r  t o  d ry  i t  o r  both. 

The g r a i n  r ece ived  a t  t h e  count ry  e l e v a t o r  i s  p r imar i ly  r ece ived  f rom 
t h e  farms t h a t  a r e  wi th in  a 10-12 m i l e  r ad ius .  The t rucks  which t r a n s p o r t  
t h e  g r a i n  from t h e  farm t o  the e l e v a t o r  u s u a l l y  range i n  s i z e  from 50-300 
bu w i t h  t h e  average c a p a c i t y  be ing  200 bu. 

The country e l e v a t o r  o f t e n  c o n s i s t s  of  u p r i g h t  conc re t e  b i n s ,  b u t  wooden 
b i n s  and f l a t  s t o r a g e  a r e  a l s o  common. A cut-away diagram of a r e p r e s e n t a t i v e  
u p r i g h t  count ry  e l e v a t o r  i s  shown i n  F igure  A - 4 .  These e l e v a t o r s  a r e  u s u a l l y  
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designed t o  make maximum u s e  of g r a v i t y  flow t o  s impl i fy  t h e  ope ra t ion  and 
minimize t h e  use  of  mechanical equipment. The major p i e c e  of  mechanical equip- 
ment requi red  i s  t h e  bucket  e l e v a t o r ,  o r  "leg," which e l e v a t e s  t h e  g r a i n  
t o  t h e  top of t h e  e l e v a t o r  where i t  i s  d ischarged  i n t o  t h e  d i s t r i b u t o r  head 
and then  d i r e c t e d  t o  t h e  d e s i r e d  b i n  o r  i n t o  t h e  s c a l e  f o r  d i r e c t  load out .  
The s e c t i o n  of  t h e  e l e v a t o r  which per forms these Eonctions i s  r e f e r r e d  t o  
as  t h e  "headhouse." 

The f i r s t  s t e p  i n  handl ing the  g r a i n  a f t e r  it a r r i v e s  a t  t h e  e l e v a t o r  
i s  t o  weigh-in t h e  loaded t ruck.  Af te r  weigh-in,  t h e  t r u c k  i s  d r iven  t o  t h e  
unloading s t a t i o n  which i s  o f t e n  a dr ive- through tunnel  i n  t h e  c e n t e r  of  
t h e  e l e v a t o r  s i m i l a r  t o  t h a t  shown i n  F igu re  A - 4 .  The t r u c k s  a r e  u s u a l l y  
unloaded by l i f t i n g  t h e  f r o n t  end o f  t h e  t r u c k  with an overhead wench system 
or h y d r a u l i c  platform.  Th i s  causes  t h e  g r a i n  t o  flow o u t  t h e  opening i n  the 
back o f  t h e  t r u c k  from which i t  f a l l s  through a g r a t i n g  i n t o  the rece iv ing  
p i t  hopper. Following completion of  t h e  unloading and lowering of  t h e  t ruck ,  
the t r u c k  i s  d r i v e n  back to t h e  s c a l e s  and reweighed t o  determine t h e  q u a n t i t y  
of g r a i n  received.  

The g r a i n  dumped i n t o  t h e  r e c e i v i n g  hopper usua l ly  flows by g r a v i t y  
t o  t h e  bottom o f  t h e  bucket  e l e v a t o r  (i.e., t h e  e l e v a t o r  boot) .  I n  some cases ,  
t h e  g r a i n  i s  t r a n s p o r t e d  from t h e  r e c e i v i n g  hopper t o  t h e  boo t  by means of  
b e l t ,  drag, or screw conveyors. 

The r ece iv ing  l eg ,  averaging 5,000-7,000 bu lh r ,  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 where i t  i s  d ischarged  through t h e  d i s t r i b u t o r  head. 
The d i s t r i b u t o r  head i s  p o s i t i o n e d  t o  d i r e c t  t h e  g r a i n  i n t o  t h e  appropr i -  
a t e  s t o r a g e  b i n s  o r  t o  t h e  c leaning  equipment. Gra in  r ece ived  f rom t h e  farm 
usua l ly  c o n t a i n s  a v a r i e t y  of i m p u r i t i e s  and a c leaning  o p e r a t i o n  i s  some- 
t imes performed p r i o r  t o  sending t h e  g r a i n  t o  s to rage  bins .  Various types 
of  s c reens  and a s p i r a t i o n  systems can be  used t o  c l ean  t h e  gra in .  

To remove t h e  g r a i n  from the s t o r a g e  b i n s  f o r  load ou t ,  it u s u a l l y  f lows 
by g r a v i t y  back t o  t h e  e l e v a t o r  boot and i s  r ee l eva ted  and d ischarged  through 
the  d i s t r i b u t o r .  This  t i m e ,  however, t h e  d i s t r i b u t o r  may d i r e c t  the g r a i n  
i n  any of  t h r e e  p o s s i b l e  ways: 

1. The g r a i n  may be d i r e c t e d  t o  t h e  i n t e r s t i c e  b i n  l o c a t e d  d i r e c t l y  
above t h e  dr ive- through tunnel  and t h e  wa i t ing  t ruck  may be  loaded a t  t h e  
same p o s i t i o n  where unloading t akes  p lace .  

The g r a i n  might a l s o  e n t e r  t h e  d i s t r i b u t o r  and f a l l  d i r e c t l y  through 2.  
t h e  load-out spout  t o  a wai t ing  t ruck  o r  r a i l r o a d  car .  

3 .  The g r a i n  i s  d i r e c t e d  t o  a s c a l e  hopper, ba tch  weighed i n  t h e  s c a l e ,  
and then r e l eased  through a load-out spout  t o  a wai t ing  t r u c k  o r  r a i l r o a d  
c a r .  
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An a l t e r n a t e  method of  loading t h a t  i s  sometimes used i s  d i r e c t  loading 
from i n d i v i d u a l  b i n s  by means of spouts  t h a t  p r o t r u d e  through t h e  wal l s  of  
t h e  b ins .  The usua l  procedure i n  t h i s  c a s e  i s  t o  use  the s c a l e  hopper f o r  
bo th  t r u c k s  and r a i l r o a d  c a r d s  and t h e  i n t e r s t i c e  b i n s  above t h e  dr ive- through 
tunnel  f o r  t rucks .  

The des ign  of  many coun t ry  e l e v a t o r s  i s  s i m i l a r  t o  t h a t  shown i n  Figure 
A - 4 ,  b u t  many o f t e n  inc lude  an annex s t o r a g e  f a c i l i t y .  Th i s  annex may c o n s i s t  
of s e v e r a l  a d d i t i o n a l  b i n s  o r  a " f l a t  s t o r a g e "  tank o r  bu i ld ing .  In e i t h e r  
case ,  both of  t h e s e  u s u a l l y  se rve  only a s  e x t r a  s t o r a g e  capac i ty .  This  con- 
f i g u r a t i o n  r e q u i r e s  i n s t a l l a t i o n  of  a g a l l e r y  b e l t  and " t r i p p e r "  t o  convey 
t h e  g r a i n  from t h e  d i scha rge  of t h e  r e c e i v i n g  l e g  t o  the annex s t o r a g e  b i n s ,  
and a " tunnel  b e l t "  under t h e  b i n s  t o  convey t h e  g r a i n  from t h e  b i n s  back 
t o  t h e  boot  of  t h e  e l e v a t o r  leg.  

C e r t a i n  g r a i n s ,  e s p e c i a l l y  corn,  must be  "dried" be fo re  long-term s t o r -  
age. E leva to r s  t h a t  r e c e i v e  g r a i n  f o r  long-term s t o r a g e  a r e  equipped with 
g r a i n  drying f a c i l i t i e s .  Gra in  d rye r s  g e n e r a l l y  r e q u i r e  the a d d i t i o n  of  a 
second l e g  t o  e l e v a t e  t h e  wet g r a i n  from i n t e r m e d i a t e  s t o r a g e  b i n s  t o  t h e  
top o f  t h e  d rye r ,  and a means of conveying the  d r i e d  g r a i n  from t h e  d rye r  
back t o  t h e  pr imary l e g  f o r  e l e v a t i o n  t o  f i n a l  s torage .  Gra in  d r y e r s  come 
i n  a wide range of  c a p a c i t i e s ,  and t h e  s i z e  i n s t a l l e d  i n  country e l e v a t o r s  
i s  dependent upon t h e  q u a n t i t y  of  w e t  g r a i n  t h a t  i s  expected t o  be  processed. 
A t y p i c a l  i n s t a l l a t i o n  would probably be one d r y e r  wi th  a c a p a c i t y  of  500- 
1,000 bu/hr.  

Terminal E leva to r s  

For t h e  purposes  of  t h i s  d i scuss ion ,  a t e rmina l  e l e v a t o r  i s  assumed t o  
have t h e  fol lowing c h a r a c t e r i s t i c s :  

1. Receives g r a i n  by t ruck  and r a i l  and may inc lude  r ece iv ing  by barge 
: r  , - - - . . - A  "- - -_.. <,.-L,, 
L L  LVCaILSV ".. - LLUwLB-uLe  river. 

2. Receiving l eg  capac i ty  of  35,000 bu /h r  o r  more. 

3. Gra in  shipped by r a i l ,  barge,  or sh ip .  

Terminal e l e v a t o r s  can  be subdivided i n t o  a t  l e a s t  t h e  fol lowing ca t e -  
g o r i e s :  

1. In l and  t e rmina l  e l eva to r - - func t ion ing  a s  a s t o r a g e  or t r a n s f e r  house. 
Some of t h e  r e c e i p t s  o r  shipments may be by barge  i n  a d d i t i o n  t o  r a i l  and 
t ruck.  
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2. Export  t e rmina l  e l eva to r - - loca ted  a t  a seapor t .  Rece ives .g ra in  by 
t ruck  and r a i l  and p o s s i b l y  barge with shipments by ship.  

S torage  c a p a c i t i e s  i n  t e rmina l  e l e v a t o r s  a r e  t y p i c a l l y  i n  m i l l i o n s  of 
bushels .  Capac i t i e s  i n  excess  o f  50 m i l l i o n  bushe ls  have been b u i l t  a t  a 
s i n g l e  loca t ion .  These can  inc lude  b i n s  added t o  an o r i g i n a l  s t r u c t u r e  o r  
s to rage  i n  warehouse-type bui ld ings- -so-ca l led  " f l a t  s torage."  The l a r g e s t  
capac i ty  a t  a s i n g l e  l o c a t i o n  under one headhouse i s  18 m i l l i o n  bushels .  

The pr imary sources  of g r a i n  r ece ived  a t  many t e rmina l  e l e v a t o r s  a r e  
the  count ry  e l eva to r s .  One of  t h e  major func t ions  of t h e  t e rmina l  ope ra t ion  
i s  t o  r ece ive  t h e  d i f f e r i n g  grades  of  g r a i n  from t h e  count ry  e l e v a t o r s  and 
t o  blend t h e s e  grades so they a r e  s u i t a b l e  f o r  shipment from the te rmina l  
t o  t h e  p rocesso r  o r  user .  

Another major func t ion  of  some of t h e  t e rmina l  e l e v a t o r s  i s  t o  r e c e i v e  
g r a i n  from surrounding count ry  e l e v a t o r s  and t o  sh ip  this g r a i n  t o  o t h e r  
te rmina l  e l eva to r s .  These a r e  sometimes r e f e r r e d  t o  a s  "subterminal  e leva-  
t o r s "  and they u s u a l l y  handle  l a r g e  q u a n t i t i e s  of g r a i n  thereby  ga in ing  advan- 
tage  of  lower f r e i g h t  r a t e s  f o r  l a r g e  r a i l  shipments o r  shipment by barge. 
These e l e v a t o r s  may handle  up t o  20 t i m e s  their s t o r a g e  c a p a c i t y  each year. 

The expor t  t e rmina l  e l e v a t o r s  r e c e i v e  much of  t h e i r  g r a i n  from in l and  
te rmina l  e l e v a t o r s ,  and t h e s e  g r a i n s  a r e  blended and loaded i n t o  sh ips  f o r  
export .  

Because of  t h e  l a r g e  s t o r a g e  c a p a c i t y  and high g r a i n  handl ing r a t e s  
i n  te rmina l  e l e v a t o r s ,  b e l t  conveyors a r e  g e n e r a l l y  used t o  move g r a i n  i n  
these  e l eva to r s .  F igure  A-5 i l l u s t r a t e s  a flow diagram f o r  a r e p r e s e n t a t i v e  
te rmina l  e l eva to r .  The s t e p s  i n  t h e  gra in-handl ing  process  a t  a t e rmina l  
e l e v a t o r  a r e  s i m i l a r  t o  those  i n  a count ry  e l eva to r .  The f i r s t  s t e p  i s  t h e  
unloading of  s e m i t r a i l e r  t rucks ,  box o r  hopper r a i l c a r d s ,  and, i n  some cases ,  
barges. The t ruck  unloading system u s u a l l y  c o n s i s t s  of  one o r  two ( o r  more) 
dr ive- through unloading sheds l o c a t e d  a longs ide  t h e  e l eva to r .  The semitrucks 
a r e  d r iven  i n t o  t h e  shed and onto a hydrau l i c  l i f t  p l a t fo rm with the back 
of  the  t r u c k  p o s i t i o n e d  over  t h e  unloading g ra t e .  The h y d r a u l i c  l i f t  i s  then  
r a i s e d  t o  t i l t  t h e  t r u c k  and t h e  g r a i n  flows o u t  t h e  back, through t h e  g r a t e ,  
i n t o  the r ece iv ing  p i t .  The g r a i n  i s  t r a n s p o r t e d  from t h e  r e c e i v i n g  p i t  
o r  hopper by b e l t  conveyor ( o r  i n  some cases ,  by screw o r  drag conveyor) 
t o  one of  t h e  b e l t  conveyors o r  e l e v a t i n g  l e g s  i n  t h e  basement of the e l e -  
va tor .  The t ruck  r e c e i v i n g  hopper may have a capac i ty  of  1,000-1,200 bu 
which i s  s u f f i c i e n t  t o  handle  t h e  l a r g e s t  t rucks .  

Rai l road c a r s  a r e  unloaded by s p o t t i n g  t h e  c a r s  ove r  the g r a t e s  t h a t  
a r e  between t h e  t r a c k s  a longs ide  the e l eva to r .  Sometimes t h e s e  c a r  unlqading 
a reas  a r e  f u l l y  enc losed ,  b u t  more o f t e n  they  c o n s i s t  only of  a roof over  
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t h e  unloading area.  The hopper c a r s  a r e  unloaded by opening t h e  doors  i n  
t h e  bottom of  t h e  c a r  and t h e  g r a i n  flows through the between-track g r a t i n g  
i n t o  t h e  r ece iv ing  hopper. There a r e  two v a r i a t i o n s  i n  t h e  hopper c a r  un- 
loading systems. I n  some cases ,  t h e  r ece iv ing  hopper i s  comparat ively small  
and i t  quick ly  f i l l s  up and blocks t h e  bottom o u t l e t  of  t h e  hopper car .  In 
t h e  l a t t e r  i n s t ance ,  t h e  g r a i n  con t inues  t o  flow o u t  of  t h e  c a r  a t  t h e  r a t e  
which t h e  conveyor beneath t h e  r e c e i v i n g  hopper c a r r i e s  t h e  g r a i n  o u t  o f  
t h e  r ece iv ing  hopper. This  l a t t e r  type  of unloading i s  termed "choke un- 
loading" and can cons iderably  reduce t h e  q u a n t i t y  o f  d u s t  genera ted  dur ing  
unloading i n  comparison t o  t h e  o t h e r  unloading system where a l l  of t h e  g r a i n  
f r e e - f a l l s  i n t o  t h e  r ece iv ing  hopper. 

Boxcars a r e  g e n e r a l l y  unloaded by some method of shovel ing  t h e  g r a i n  
o u t  of  t h e  c a r  door from which i t  f a l l s  through t h e  g r a t i n g  a longs ide  t h e  
t r ack ,  i n t o  t h e  r ece iv ing  hopper. "Power shovels ,"  c o n s i s t i n g  of  a plowboard 
a t tached  t o  a mechanical ly  d r iven  cab le ,  a r e  o f t e n  used f o r  t h i s  purpose. 
A t  some t e rmina l  e l e v a t o r s ,  where a cons ide rab le  number of boxcars a r e  re-  
ceived they may be unloaded by means o f  a mechanical unloader  which clamps 
t h e  c a r  t o  a s e c t i o n  of  t r a c k  and mechanica l ly  r o t a t e s  and t i l t s  t h e  car .  
With this system, t h e  g r a i n  cascades  o u t  of t h e  c a r  door i n t o  a r ece iv ing  
hopper. The g r a i n  i s  t r a n s p o r t e d  from t h e  r ece iv ing  hopper t o  t h e  basement 
of t h e  e l e v a t o r ,  u s u a l l y  by means o f  a b e l t  conveyor. 

Barge unloading, where app l i cab le ,  i s  u s u a l l y  accomplished by a bucket  
e l e v a t o r  (marine l e g )  t h a t  can be lowered i n t o  t h e  ho lds  of t h e  barges. A t  
the  top of  t h e  leg ,  t h e  g r a i n  i s  d ischarged  onto a s e r i e s  of  b e l t  conveyors 
t h a t  c a r r y  t h e  g r a i n  t o  t h e  e l e v a t o r  proper .  Capacity of  t h e  barge unloading 
system a t  a te rmina l  e l e v a t o r  can  range between 18,000-75,000 bu/hr ,  a l though 
the  average i s  25,000-30,000 bu/hr.  

Af te r  t h e  g r a i n  i s  unloaded from c a r s ,  t rucks ,  o r  barges ,  and t r ans -  
por ted  t o  t h e  basenient of  t h e  e l e v a t o r ,  i t  may go d i r e c t l y  t o  t h e  boot  of 
one of t h e  l e g s  o r  i t  may be t r a n s f e r r e d  onto one of t h e  basement conveyors 
t h a t  c a r r y  i t  t o  t h e  boot  of  t h e  leg.  These l egs  have an average capac i ty  
of about  35,000 bu/hr  and a l a r g e  t e r m i n a l  e l e v a t o r  may have up t o  fou r  o r  
more legs .  

A t  t h e  top of t h e  l eg ,  t h e  g r a i n  i s  d ischarged  i n t o  a d i s t r i b u t o r ,  o r  
some system of  movable spouts ,  so t h a t  t h e  g r a i n  may be  d i r e c t e d  onto one 
of t h e  g a l l e r y  b e l t s ,  i n t o  a s c a l e  g a r n e r  f o r  weighing and load out ,  o r  i n t o  
c leaning  equipment. I f  t h e  g r a i n  i s  d i r e c t e d  onto a g a l l e r y  b e l t ,  i t  i s  con- 
veyed ac ross  t h e  top of  b i n s  ( g a l l e r y  a r e a )  t o  a " t r ippe r "  which d i scha rges  
t h e  g r a i n  i n t o  t h e  proper  s t o r a g e  bin.  

The g r a i n  may be withdrawn from one b in ,  o r  from s e v e r a l  b i n s  simul- 
taneously,  by means of  s l i d e  va lves  a t  t h e  bottom of t h e  b ins .  The g r a i n  
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f a l l s  onto a t unne l  b e l t  l ead ing  back t o  t h e  legs .  I f  t h e  g r a i n  is t o  be  
loaded ou t ,  i t  may e n t e r  t h e  leg and be d i scha rged  t o  t h e  s c a l e  ga rne r  o r  
may be d ischarged  d i r e c t l y  i n t o  one of t h e  load-out  spouts  f o r  r a i l c a r s  o r  
t rucks.  I f  i t  i s  t o  be loaded i n t o  a barge  o r  s h i p ,  i t  may by-pass t h e  l e g  
and f a l l  on to  t h e  f i r s t  of  a s e r i e s  of  conveyors t h a t  t r a n s p o r t  i t  t o  t h e  
barge o r  sh ip  loading spouts .  

The loading  of  s e m i t r a i l e r  t r u c k s  a t  t e rmina l  e l e v a t o r s  i s  s i m i l a r  t o  
t h a t  a t  count ry  e l e v a t o r s  except  t h a t  g r a i n  i s  loaded a t  a f a s t e r  r a t e .  The 
loading a r e a  a t  t e rmina l  e l e v a t o r s  i s  o f t e n  p a r t i a l l y  enclosed,  b u t  i t  i s  
u s u a l l y  l e f t  open a t  both ends. 

Hopper c a r  loading i s  accomplished i n  much t h e  same manner as  t r u c k  
loading.  However, boxcar loading i s  a d i f f e r e n t  m a t t e r  because a high velo- 
c i t y  must be  imparted t o  t h e  g r a i n  a s  i t  p a s s e s  through the loading spout  
in o r d e r  t o  throw t h e  g r a i n  t o  each end of t h e  boxcar. 

Barge 
g r a i n  from 
ing  spou t s  
i t s e l f .  

or sh ip  loading ope ra t ions  g e n e r a l l y  r e q u i r e  conveying of t h e  
s t o r a g e  b i n s  t o  s p e c i a l  loading  spouts .  In most cases ,  t h e s e  load- 
a r e  loca t ed  a t  barge  o r  s h i p  p i e r s  some d i s t a n c e  from t h e  e l e v a t o r  
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Grain  handl ing  i n  an e l e v a t o r  i nc ludes  g r a i n  r e c e i p t ,  t r a n s f e r ,  s to rage ,  
i n t e r n a l  t u rn ing ,  and f i n a l  shipment. Some e l e v a t o r s  c l e a n  t h e  incoming g r a i n  
of  f o r e i g n  m a t t e r  (FM) and a l s o  d ry  t h e  g r a i n .  V i r t u a l l y  every o p e r a t i o n  
i n  a n  e l e v a t o r  i s  a source  o f  p a r t i c u l a t e  emissions due t o  t h e  dus ty  n a t u r e  
of g r a i n  a s  w e l l  a s  due t o  t h e  d i r t  p icked up by g r a i n  dur ing  h a r v e s t  and 
t r a n s p o r t .  There i s  a s i g n i f i c a n t  d i f f e r e n c e  between atmospheric emissions 
a r i s i n g  from g r a i n  e l e v a t o r  ope ra t ions  and t h o s e  of o t h e r  i n d u s t r i e s ;  namely 
t h e  m a j o r i t y  o f  emiss ions  a r e  due t o  m a t e r i a l  handl ing r a t h e r  than  m a t e r i a l  
p rocess ing .  Furthermore,  some of t h e  sou rces  a r e  of a " fug i t ive"  type. That 
i s ,  t h e  emissions a r e  those  t h a t  become a i r b o r n e  because o f  i n e f f e c t i v e  o r  
nonex i s t en t  hooding o r  p o l l u t a n t  containment sys tems r a t h e r  t han  those  t h a t  
escape from an a i r  p o l l u t i o n  con t ro l  device.  Another c h a r a c t e r i s t i c  of emis- 
s i o n s  from g r a i n  e l e v a t o r s  i s  t h e  i n t e r m i t t e n t  n a t u r e  of many o f  t h e  s p e c i f i c  
o p e r a t i o n s  and t h e  day- to-day v a r i a b i l i t y  o f  emissions from a s p e c i f i c  opera- 
t ion .  A d i s c u s s i o n  of emiss ion  f a c t o r s  and d u s t  c h a r a c t e r i s t i c s  i s  p resen ted  
below. 

EMISSION FACTORS FOR ELEVATOR OPERATIONS 

Ex i s t ing  d a t a  on d u s t  emissions and corresponding p a r t i c u l a t e  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  a r e  sparse .  The a v a i l a b l e  informat ion  c o n s i s t s  
of g r o s s  e s t ima tes  o r  m a t e r i a l  ba lances  f o r  e l e v a t o r  ope ra t ions  as  a whole, 
o r  were based on a few shor t te rm t e s t s  on c e r t a i n  s p e c i f i c  opera t ions .  A s  
a r e s u l t ,  t h e  a v a i l a b l e  d a t a  a r e  i n c o n s i s t e n t  with r e s p e c t  to  t h e i r  d e t e r -  
mina t ion  procedure and hence the  emission f a c t o r s  vary over  r a t h e r  a wide 
range. Also, p o t e n t i a l l y  c o n t r i b u t i n g  t o  the wide range i n  a v a i l a b l e  d a t a  
a r e  t h e  many p rocess  f a c t o r s  which a f f e c t  t h e  q u a n t i t y  of emissions.  These 
f a c t o r s  i nc lude :  

. Type of  g r a i n  being handled 

. 

. Moisture  c o n t e n t  of  t h e  g r a i n  ( u s u a l l y  10-30%) 

. 

Q u a l i t y  o r  grade  of t h e  g r a i n  

Amount of  f o r e i g n  m a t e r i a l  i n  t h e  g r a i n  ( u s u a l l y  5% o r  l e s s )  

Amount of  mois ture  i n  t h e  g r a i n  a t  t h e  t ime of h a r v e s t  (hardness)  . 
Amount of  d i r t  ha rves t ed  wi th  t h e  g r a i n  

. Degree of  enc losu re  a t  loading  and unloading a r e a s  

. 

. Amount and type  of c o n t r o l  equipment, i f  any. 

Type of  c l ean ing  and conveying 
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Table B-1 p r e s e n t s  a comparison o f  d a t a  from va r ious  l i t e r a t u r e  sources .  
The d a t a  r epor t ed  a r e  based on d i f f e r e n t  methods of de t e rmina t ion  a s  i d e n t i -  
f i e d  by t h e  foo tno te s  of  Table  B-1. Data  from Reference 1 ( i n  t h e  t a b l e )  
r ep resen t  c l o s e s t  approximation t o  d i r e c t  experimental  de te rmina t ion  of  
emissions and a r e  based on t h e  weights  of d u s t  c o l l e c t e d  from f a b r i c  f i l t e r s  
c o n t r o l l i n g  t h e  emissions from the v a r i o u s  i n d i v i d u a l  ope ra t ions .  The emis- 
s ion  f a c t o r s  a r e  composite f o r  t h e  f o u r  most common types  of g r a i n ,  v i z ,  
corn, wheat, mi lo ,  and soybeans. The e f f e c t  of  the g r a i n  type  on long term 
emission f a c t o r s  was found t o  be s t a t i s t i c a l l y  i n s i g n i f i c a n t ,  even though 
it i s  a common b e l i e €  oE e l e v a t o r  o p e r a t o r s  t h a t  soybean and mi lo  e m i t  more 
dus t  than  corn  o r  wheat. The e f f e c t  o f  g r a i n  type  of d u s t  emissions was found 
t o  be somewhat pronounced on a sho r t - t e rm b a s i s ,  i.e., emission f a c t o r s  d e t e r -  
mined when loading/unloading a p a r t i c u l a r  g r a i n  showed d i f f e r e n c e s  between 
g r a i n  types. 

Table  B-2 p r e s e n t s  t h e  b e s t  average va lues  along with t h e  range of  the 
low and high va lues  f o r  emission f a c t o r s  f o r  t h e  i n d i v i d u a l  o p e r a t i o n s  based 
on t h e  a v a i l a b l e  data .  The average emiss ion  f a c t o r s  a r e  approximate va lues  
intended t o  be r e p r e s e n t a t i v e  of a v a r i e t y  of  g r a i n  types  b u t  a c t u a l  emis- 
s i o n  f a c t o r s  f o r  a s p e c i f i c  source  could  be d i f f e r e n t ,  depending on t h e  v a r i -  
ous f a c t o r s  d i scussed  above. 

The emission f a c t o r s  shown i n  Table  B-2 r ep resen t  t h e  amount of dus t  
genera ted  p e r  t o n  o f  g r a i n  processed through each of the des igna ted  opera- 
t i o n s  (F.e., uncon t ro l l ed  emission f a c t o r s ) .  Amounts of g r a i n  processed through 
each of  t h e s e  o p e r a t i o n s  i n  a g iven  e l e v a t o r  a r e  dependent on such f a c t o r s  
a s  t h e  amount of  g r a i n  tu rned  ( i n t e r b i n  t r a n s f e r ) ,  amount dryed,  and amount 
cleaned. Because t h e  amount of  g r a i n  p a s s i n g  through each o p e r a t i o n  i s  o f t e n  
d i f f i c u l t  t o  determine, i t  may be more u s e f u l  t o  express  the emission f a c t o r s  
i n  terms of  t h e  amount of  g r a i n  shipped o r  rece ived .  It may be assumed t h a t  
t h e  amount o f  g r a i n  shipped and r ece ived  a r e  about t h e  same over  t h e  long 
term. h i s s i o n  f a c t o r s  from Table  B-2 have been modif ied accord ingly  and 
a r e  shown i n  Table  B - 3  along with the  appropr i a t e  m u l t i p l i e r  t h a t  was used 
as  r e p r e s e n t a t i v e  of  t y p i c a l  r a t i o s  of throughput a t  each o p e r a t i o n  t o  t h e  
amount of  g r a i n  shipped o r  received.  The r a t i o s  a r e  d i f f e r e n t  f o r  d i f f e r e n t  
types of  e l eva to r s - - t e rmina l  and country--and a r e  based on a survey of  many 
e l e v a t o r s  i n  t h e  U.S. a s  r epor t ed  i n  Reference 2 .  However, ope ra t ing  p r a c t i c e s  
i n  i n d i v i d u a l  e l e v a t o r s  a r e  d i f f e r e n t ,  so t h e s e  r a t i o s ,  l i k e  t h e  b a s i c  emis- 
s i o n  f a c t o r s  themselves,  would be more v a l i d  f o r  a group of  e l e v a t o r s  r a t h e r  
than i n d i v i d u a l  e l eva to r s .  
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TABLE B - 1 -  CONPARISON OF EMISSION FACTOR DATA 

Operation 
Emission f a c t o r ,  l b  d u s t l t o n  g r a i n  processed 
Ref. 1 Ref. 2 R e f .  3 R e f .  4 

Truck unloading 0.64 2.0 1.0 0.8 
Car unloading 1.30 1.0 1 .0  0.7 

Cleaning 5.78 5.0 5.0 6.0 
(Corn only)  

Gal le ry  b e l t  t r a n s f e r  p o i n t  0.11 - - - 

Headhouse 1 .49  0.5 - - 

Car loading  0.27 1 .0  1.0 1.1 

l.&/ b /  Tunnel b e l t  1.40 1 . 4  2.C- 

Note: 
Ref. 1 Gorman, P. G . ,  " P o t e n t i a l  Dust Emissions from a Grain E leva to r  i n  

Kansas C i t y ,  Missouri" ,  f i n a l  r e p o r t  prepared by Midwest Research 
I n s t i t u t e  f o r  EPA, Cont rac t  No. 68-02-0228, Task No. 4 ,  May 1974. 
Best va lues  of t h e  long-term composite emission f a c t o r s  experi-  
menta l ly  determined i n  a t e rmina l  e l e v a t o r .  The va lues  r e p r e s e n t  
the amount of d u s t  c o l l e c t e d  i n  a w e l l  opera ted  f a b r i c  f i l t e r ,  
and 100% c o l l e c t i o n  of d u s t  by t h e  f i l t e r  i s  assumed. 

Ref. 2 Thimsen, D. J. and P. W .  Aften,  "A Proposed Design f o r  Gra in .  
E leva tor  Dust Col lec t ion" ,  3 of t h e  A i r  P o l l u t i o n  Con t ro l  Assn., 
November 1968. Data r ep resen t  b e s t  e s t ima tes  by "experienced 
e l e v a t o r  super in tendents"  f o r  a General M i l l s  R i a l t o  t e rmina l  
e l e v a t o r  i n  South Chicago. 

Compilation of A i r  P o l l u t a n t  Emission F a c t o r s ,  USEPA, A p r i l  1973. 
Values s p e c i f i e d  i n  t h i s  EPA document f o r  t e rmina l  e l e v a t o r s  are 
a t  least p a r t i a l l y  based on those  of Thimsen (Ref. 2 above) .  

Resu l t s  r epor t ed  f o r  a C a r g i l l  Chicago e l e v a t o r  based on c a l c u l a t e d  
m a t e r i a l  ba lances  ("shrink") over  a per iod of 18  yea r .  See 
Ref. 1 above. 

R e f .  3 

R e f .  4 

- a /  Value of 1.5 l b / t o n  was  f o r  t r a n s f e r r i n g  o r  t u rn ing  b ins  f o r  coo l ing  
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 l b / t o n  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  in Reference 4 as " t ransfer r ing ."  
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TABLE B-2. GRUN ELEVATOR EMISSION FACTORS (UNCONTROLUD) 
AVERAGE AND ~ ~ ~ 2 - 1 0  3 1 6 1  

Average emission Range of emission 
rat e, a/ rate,-' a Emission source 

operation lb/ton processed lb/ton processed 

Grain unloading (Receiving) 
Grain loading (Shipping) 
Conveying to bins 
(Gallery belt/tripper) 

Removal from bins 
(Tunnel belt) 

Headhouse '(Legs) 
Internal turning b/ 
Cleaning 
Drying 

1.0 
0.64 

1.0 

1 . 4 0  
1.50 
3 .90 (2 .9 )  
5.8 
5.5 

Low 

0.8 
0.25 

0.11 

1.0 
0.5 
1.61(1.5) 
5.0 
4.0 

High 

3.5 
1.26 

2 . 5  

2 .0  
2.5 
7 . 0  ( 4 . 5 ) .  
7 . 0  
8 . 0  

- a/ Emission factors are in terms of pounds of dust emitted per ton of grain 
processed by each source. 

- b/ A distinction is made between the emission factors for internal turnings 
in terminal elevators and country elevators and the latter are indicated 
in parentheses. Emission factor for internal turnings is computed by 
adding those for tunnel belt, gallery belt/trippers, and headhouse(e.g., 
1.4 + 1.0 + 1.5 = 3 .9 )  for terminal elevators. For country elevators, it 
is the total of tunnel belt and headhouse emission factors (e.g., 1.4 -I- 
1.5 = 2.9). 
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The t o t a l s  a t  t h e  bottom of  t h e  f o u r t h  and s i x t h  columns i n  Table B-3 
r ep resen t  the  t o t a l  p o t e n t i a l  uncon t ro l l ed  emissions (average and range) f o r  
the whole f a c i l i t y  i n  te rmina l  and count ry  e l e v a t o r s .  The v a l u e s  a r e  ex- 
pressed i n  terms of pounds of dus t  per t on  of g r a i n  r ece ived  o r  shipped by t h e  
f a c i l i t y .  These f i g u r e s  when m u l t i p l i e d  by t h e  annual throughput  of g r a i n  g ive  
t h e  p o t e n t i a l  emissions (average and range)  generated by t h e  f a c i l i t y .  A more 
d e t a i l e d  a n a l y s i s  of t h e  emissions d a t a  sources  is presented  below. 

Gra in  e l e v a t o r  emissions d a t a  w e r e  ob ta ined  from f o u r  sources:  ( a )  
a long-term s tudy  of f a b r i c  f i l t e r  c a t c h  a t  Kansas C i ty  te rmina l  e l e v a t o r ;  
(b)  a group of compliance t e s t  r e p o r t s  supp l i ed  by t h e  North Dakota Depart- 
ment o f  Heal th;  ( c )  a s tudy  of  emissions and emissions c o n t r o l  a t  e a s t e r n  
Washington g r a i n  e l e v a t o r s ;  and (d )  emissions t e s t s  conducted upstream from 
a i r  p o l l u t i o n  c o n t r o l  devices  i n  two Kansas g r a i n  e l eva to r s .  The paragraphs 
below summarize t h e  methodology and r e s u l t s  f o r  each of t h e s e  s tud ie s .  

Kansas C i t y  Terminal E leva to r  Study&/ 

One of t h e  e a r l i e s t  a t tempts  t o  exper imenta l ly  develop g r a i n  e l e v a t o r  
emission f a c t o r s  was a 1973 s tudy  by M R I  a t  t h e  Kansas C i t y  Terminal e l eva to r .  
During t h i s  s tudy,  t h e  weight  of  d u s t  c o l l e c t e d  i n  each of seven f a b r i c  f i l -  
t e r s  and t h e  q u a n t i t y  o f  g r a i n  processed  by t h e  ope ra t ions  c o n t r o l l e d  by t h e  
f i l t e r s  were used t o  c a l c u l a t e  emission f a c t o r s .  The sources  f o r  which emis- 
s i o n  f a c t o r s  were ca l cu la t ed .were :  

Truck unloading; 

Car unloading; 

Car loading;  

Corn c l eane r ;  

G a l l e r y  b e l t ;  

Tunnel b e l t ;  and 

Headhouse. 

Determinat ion of  t h e  amount of d u s t  c o l l e c t e d  by each system was made 
by mechanical weighers i n s t a l l e d  on t h e  d u s t  chu te s  from each f i l t e r  t o  con- 
t inuous ly  monitor  t h e  amount of  d u s t  being discharged,  which was equ iva len t  
t o  t h e  amount of  d u s t  being c o l l e c t e d  by t h e  f i l t e r s .  Readings were taken 
on t h e  mechanical weighers once each week over  a six-month pe r iod  and t h e  
amount of each type  of g r a i n  processed by t h e  seven gra in-handl ing  ope ra t ions  
was obta ined  from t h e  e l e v a t o r  ope ra t ing  r eco rds  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 operat ion.  
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In a d d i t i o n  short- term d a t a  were compiled f o r  unloading and loading  oper- 
a t i o n s  t o  determine t h e  e f f e c t s  of g r a i n  type  and g r a i n  q u a l i t y  (amount of  
f o r e i g n  ma t t e r  and mois ture  conten t )  on emiss ions .  These d a t a  were a l s o  com- 
p i l e d  us ing  the  mechanical weighers,  b u t  on ly  t h e  d u s t  c o l l e c t e d  dur ing  a s i n g l e  
loading  (or  unloading) ope ra t ion  was measured. Short-term emissions f a c t o r s  
were c a l c u l a t e d  by g r a i n  type  f o r  each of t h r e e  ope ra t ions :  
c a r  unloading,  and c a r  l oad ing .  

t r u c k  unloading,  

The weekly emission f a c t o r s  f o r  a composite of g r a i n s  processed a r e  sum- 
marized i n  Table  B-4. 
p rocess ing  da ta ,  t h e  fol lowing "best" emission f a c t o r s  were developed. 

Based on t h e  d a t a  i n  the t a b l e  and an a n a l y s i s  of t h e  

Truck unloading 0.64 l b / t o n  

Car unloading 1.30 l b / t o n  

Car loading 0.27 l b / t o n  

Corn c l e a n e r  5.78 l b / t o n  

G a i l e r y  b e l t  0.11 l b l t o n  

Tunnel b e l t  1.40 l b / t o n  

Headhouse 1.49 l b / t o n  

While t h e  q u a l i t y  of t hese  d a t a  appears  q u i t e  good, c o n s i d e r a t i o n  should 
be given t o  t h e  fo l lowing  items be fo re  u t i l i z i n g  t h e  da t a .  F i r s t ,  t h e  d a t a  a r e  
r e p r e s e n t a t i v e  of t h e  q u a n t i t y  of emissions captured from a f u g i t i v e  emissions 
source.  The r e p o r t  i n d i c a t e d  t h a t  t h e  systems appeared t o  be e f f e c t i v e  based 
on v i s u a l  observa t ions .  However, no s p e c i f i c  d a t a  on cap tu re  e f f i c i e n c y  a r e  
a v a i l a b l e .  

In a d d i t i o n  t h e  "best"  emission f a c t o r s  were e s t ima ted  from a wide range 
The short- term d a t a  sugges t  t h a t  t h i s  range r ep resen t s  t h e  r e a l  of da t a .  

v a r i a b i l i t y  of g r a i n  e l e v a t o r  emissions.  Hence t h e  "best"  emission f a c t o r  
i s  probably not  an a c c u r a t e  es t imate  of a c t u a l  short- term emissions from a 
p a r t i c u l a r  ope ra t ion .  

F i n a l l y ,  t h e  emissions f a c t o r s  a r e  r e p r e s e n t a t i v e  of a composite of four  
g r a i n s  (corn,  wheat, soybeans, and mi lo)  processed.  Since t h e  shor t - te rm 
r e s u l t s  descr ibed  below sugges t  d i f f e r e n c e s  i n  m i s s i o n s  by g r a i n  types, 
these  emissions f a c t o r s  may n o t  be r e p r e s e n t a t i v e  of e l e v a t o r s  process ing  
a d i f f e r e n t  mix of  g ra ins .  

Short-term emissions were measured t o  examine t h e  e f f e c t  of g r a i n  type  
and g r a i n  p r o p e r t i e s  on emissions. The d a t a  d i d  not  i n d i c a t e  any r e l a t i o n -  
s h i p s  between emissions and t h e  amount of f o r e i g n  m a t t e r  i n  t h e  g r a i n  o r  a 
we l l  def ined  r e l a t i o n s h i p  between emissions and moisture  conten t .  
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However, t h e  shor t - te rm da ta  
The r e s u l t s  by g r a i n  g r a i n  type. 

d i d  show a dependence of emissions upon 
type f o r  t r u c k  unloading, c a r  unloading, 

~ 

and c a r  loading  a r e  shown i n  Tables B-5, B-6, and B-7,  r e spec t ive ly .  While 
t h e s e  d a t a  a r e  not  s u f f i c i e n t  t o  e s t a b l i s h  g r a i n  s p e c i f i c  emission f a c t o r s ,  
they do i n d i c a t e  a r e l a t i o n s h i p  between g r a i n  type  and emissions.  
be noted, though, t h a t  t h e  g r a i n  s p e c i f i c  emiss ion  f a c t o r s  e x h i b i t  the same 
wide v a r i a t i o n  as  t h e  long-term emission f a c t o r s .  

It  should 

Based on both sho r t -  and long-term emissions measurements, i t  can be  
concluded t h a t  g r a i n  e l e v a t o r  emissions e x h i b i t  wide v a r i a b i l i t y .  This  con- 
c l u s i o n  ho lds  f o r  emissions on a t ruckload  t o  t ruck load  b a s i s  and f o r  long- 
term emissions.  

Gra in  E leva to r  Compliance Test- 
7-10,13/ 

A s  a p a r t  of an ea r l i e r ,MRI  s t u d y ,  r e p o r t s  from f i v e  compliance 
t e s t s  ( f o u r  i n  North Dakota and one i n  Minnesota) were obta ined  from t h e  
North Dakota Department of Environment. These t e s t s  measured emissions from 
c o n t r o l l e d  sources  a t  t h e  i n l e t  and o u t l e t  o f  c o n t r o l  devices ,  g e n e r a l l y  
cyclones.  The t e s t i n g  was done us ing  the ASME Method PTC-27, an o l d e r  i s o -  
k i n e t i c  sampling method which y i e l d s  r e s u l t s  comparable t o  EPA Method 5.  

The r e s u l t s  of  t e s t i n g  a t  f i v e  e l e v a t o r s  a r e  presented  i n  Table  B-8. 
Data i n  Table  B-8 inc lude  g a s  flow r a t e ,  p r e s s u r e  drop ac ross  t h e  c o n t r o l  
device ,  i n l e t  and o u t l e t  p a r t i c u l a t e  c o n c e n t r a t i o n s  and emission r a t e s ,  and 
c o n t r o l  dev ice  e f f i c i e n c y .  S p e c i f i c  comments regard ing  each of t h e  tes ts  
and gene ra l  conclus ions  a r e  presented  i n  t h e  fol lowing paragraphs.  

A t  e l e v a t o r  A a g r a i n  c l e a n e r ,  c l ean ing  dark  Northern s p r i n g  wheat,  w a s  
t e s t e d .  The r e s u l t i n g  i n l e t  emission f a c t o r  w a s  0.185 l b / t o n ,  and t h e  
cyclone e f f i c i e n c y  was measured a t  47.5%. However, t h e  p r e s s u r e  drop ac ross  
t h e  cyc lone .  of 17 i n  H20 i s  extremely high. I n  add i t ion ,  t h e  t e s t  r e p o r t  
L U U I C ~ L C U  YLSLL uIC U S J L ~ L L  L L V ~  of the systerci was 9,530 cf: caxparad t o  t h c  
measured va lue  of 3,300 cfm. 
plugged. 
and dec rease  cyclone e f f i c i e n c y .  
r e s u l t  i n  i n e f f i c i e n t  c a p t u r e  of t h e  emiss ions  a t  t h e  source.  Thus both t h e  
c a l c u l a t e d  emissions f a c t o r  and che cyclone e f f i c i e n c y  a r e  lower than would be 
expected wi th  proper ly  opera ted  and maintained equipment. 

> - 2 1 _ _ - _ 2  &L.- ..L- A _ _ _ . _ _  r ,__. 
These two f a c t o r s  sugges t  t h a t  t h e  system was 

The plugging would cause decreased  a i r  v e l o c i t y  through t h e  cyclone 
In a d d i t i o n  t h e  decreased f low would probably 

The t e s t i n g  a t  e l e v a t o r  B was conducted on a s i n g l e  system se rv ing  t h e  
d i s t r i b u t o r  head, f l o o r  sweeps, boot ,  automatic  s c a l e  f r o n t  p i t ,  back p i t ,  
and legs .  
t o n s / h r  passed through the f r o n t  p i t ,  back p i t ,  and legs .  

During t h e  t e s t  13.5 t o n s / h r  passed  through t h e  d i s t r i b u t o r  and 13.5 
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TABLE B-5 .  TRUCK UNLOADING, EMISSION FACTORS BY GRAIN T Y P E  
( LB /TON) 

SB - Corn - Wheat 

0.081 
0.217 
1.06 
0.73 

A v g .  0.52 

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

1.15 
1.63 
1.85 
2.20 
0.87 
2.06 

- - 
0.47 1.63 

R a n g e  0.081-1.06 0.115 -0.80 0.87-2. 

Mi lo 

0.280 
1.090 
0.610 
1.23 
0.88 
0.96 
1.60 

- 
0.95 

0.28-1.6 

Average o f  all d a t a  = 0.83 
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TABLE B-6.  c a  UNLO~ING, ENISSICIN FACTOE a Y  GUIX TVES 
(LB/TOX) 

Wheat 
H o D p e r a  

0.11 0.50 

- -  
0.11 0.50 

Avg. 0.31 

Corn 
Hopper 

0.77 0.84 

0.65 
0.88 0.38 

- - 
0.83 0.62 

0.70 

SB 
Hopper aox - 

1.51 

- - - 1.51 

1.51 

Mi l o  
Hopper Box 

0.12 1.42 

0.59 0 . 2 6  
0.98 
0.64 

0.41 2.08 

- - 
0.37 1.08 

0.81 

Average of a l l  data  = 0.76 
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TABLE B-7. (XI LOADING, EXISSION FACTORS BS GRAIN TYPE 
(LB/TON) 

W& 

0.12  
0.15 
0.54  
0.25 
0.15 
0.07 
0 .07  
0.07 
0 . 1 2  

- 
Avg. 0.17  

Corn 

0.34 
0 . 2 0  
0.18 
0.31  
0 . 3 1  
0.27 
0.36 

- 

- 
0 .28  

SB 

0 . 3 3  
0 . 2 1  
0 . 4 1  
0.95 
0.56 

, 0 . 4 4  
0 .48  
0.59 
0 . 3 1  
0.12 

- 

- 
0.44 

Milo 

0.26 0 .38  
0.14 0 .34  
0 .24  0 .36  
0 . 2 4  0.39 
0.26 0 .37  
0 .32  0.39 
0 . 4 1  0.22 
0 .34  0.42 
0 .35  0.39 
0 .35  0 . 5 1  
0 .30  0 .27  
0 .09  0.21 
0.02  0.32 
0.19 0.34  
0.11 0.34  
0 . 0 8  0 .31  

0 .28  

0.29 

Range 0.07-0 .54  0 .18-0 .36  0.1'2-0.95 0 .02-0 .5  1 

Average of a l l  d a t a  = 0 .30  



68 



Data a r e  not  s u f f i c i e n t  t o  determine t h e  i n d i v i d u a l  impact of t h e s e  sources .  
The es t imate  emissions a r e  0.14 l b / t o n  f o r  t h e  d i s t r i b u t o r  head and 0.14 l b /  
ton f o r  the  l e g s  and p i t s .  The e f f i c i e n c y  of t h e  cyclone was measured a t  
93.2%. 

Emissions from t h r e e  d i f f e r e n t  cyc lones  were t e s t e d  a t  E leva tor  C. 
Cyclones 1 and 3 served the same g r a i n  c l eane r ,  and cyclone 2 served the 
back p i t ,  l eg ,  and d i s t r i b u t o r  during t h e  t e s t i n g .  The c l e a n e r  emissions 
( t h e  sum of the  i n l e t  va lues  f o r  cyc lones  1 and 3) were measured a t  0.402 l b /  
ton with e f f i c i e n c i e s  of  59.7 and 57.5%. I n l e t  emissions from cyclone 2 were 
measured a t  0.099 l b / t o n  wi th  a c o l l e c t i o n  e f f i c i e n c y  of 31.6%. An important  
observa t ion ,  however, i s  t h a t  the  o u t l e t  flow of a l l  t h r e e  cyclones i s  much 
g r e a t e r  than t h e  i n l e t  flow. The excess  flow i s  probably a r e s u l t  of a i r  leak- 
age i n t o  t h e  cyclone through the d u s t  exhaus t  duct .  This  leakage w i l l  r e s u l t  
i n  i n e f f i c i e n t  cap tu re  and removal e f f i c i e n c y  and hence i n  a low es t ima te  of 
emissions.  

Two d i f f e r e n t  l e g s  were t e s t e d  a t  e l e v a t o r  D. The r e s u l t s  were c o n s i s t e n t  
a t  0.783 l b / t o n  and 0.708 lb / ton .  
than previous  emission f a c t o r s ,  b u t  c e r t a i n l y  wi th in  t h e  range of what might 
be expected g iven  t h e  wide v a r i a t i o n  i n  g r a i n  e l e v a t o r  emissions.  

These emission f a c t o r s  a r e  somewhat h ighe r  

Two d i f f e r e n t  c o n t r o l  systems were t e s t e d  a t  e l e v a t o r  E. On the f i r s t  
system emissions from a wheat c l e a n e r  w e r e  measured a t  0.425 l b / t o n  with a 
cyclone e f f i c i e n c y  of 83.6%. 
and headhouse opera t ions .  Emissions were measured a t  0.485 l b / t o n  with a 
cyclone e f f i c i e n c y  of  83.2%. 

The o t h e r  system c o n t r o l l e d  t h e  dump p i t ,  l egs ,  

In examining these  d a t a  i t  aga in  must be remembered t h a t '  t h e  emission 
f a c t o r s  r e p r e s e n t  cap tured  emissions from f u g i t i v e  sources.  In some of t h e  
t e s t s  descr ibed  above t h e  cap tu re  e f f i c i e n c y  and hence t h e  emission f a c t o r s  
a re  ques t ionable .  The cyclone c o l l e c t i o n  e f f i c i e n c i e s  a r e  a l s o  worthy of 
note.  In t h e  cases  where t h e  cyclones appeared t o  be ope ra t ing  p rope r ly ,  
e f f i c i e n c i e s  i n  t h e  80 t o  95% range were noted. However, i n  those  cases  
where flow d a t a  i n d i c a t e d  obvious problems i n  cyclone ope ra t ion ,  e f f i c i e n c i e s  
f e l l  t o  30 t o  60%. Th i s  would i n d i c a t e  t h a t  p roper  ope ra t ion  of cyclones i s  
important  f o r  cont inuing  compliance. 

Eas te rn  Washington Gra in  E leva to r  Stud\, 

A comprehensive s tudy  of emissions and emissions c o n t r o l  f o r  e a s t e r n  
Washington g r a i n  s to rage  and process ing  f a c i l i t i e s  was conducted by t h e  
Spokane County Air P o l l u t i o n  Control Author i ty  and Washington S t a t e  Depart- 
ment of Ecology. Various g r a i n  handl ing ope ra t ions  i n  g r a i n  e l e v a t o r s  and 
seed p l a n t s  were t e s t e d  f o r  t o t a l  p a r t i c u l a t e  emissions us ing  EPA Method 5 
procedures and f o r  p a r t i c l e  s i z e  us ing  cascade impactors. 
recorded dur ing  t h e  t e s t i n g .  

Opaci ty  was a l s o  
Both cyclones  and f a b r i c  f i l t e r s  were examined. 
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The r e s u l t s  Of t h e  t e s t s  on r ece iv ing  p i t s ,  c leaning  ope ra t ions ,  and 
t r a n s f e r  ope ra t ions  a r e  presented  i n  Tables  B-9, B-10, and B - 1 1 ,  r e s p e c t i v e l y .  
The paragraphs below summarize t h e  f i n d i n g s  of  t h e  s tudy  regard ing  f a c t o r s  
e f f e c t i n g  emiss ions ,  p a r t i c l e  s i z e  of  emiss ions ,  mass emissions compared t o  
o p a c i t y ,  and c o n t r o l  dev ice  e f f i c i ency .  

Mass emissions d a t a  i n d i c a t e  t h a t  r e c e i v i n g  p i t  emissions a r e  dependent 
on g r a i n  type,  q u a n t i t y  of  fo re ign  m a t t e r  i n  t h e  g r a i n ,  and drop he ight .  In 
p a r t i c u l a r ,  the emissions from process ing  of  legumes were s i g n i f i c a n t l y  g r e a t e r  
than  those  f o r  wheat processing.  
r e c e i v i n g  v a r i e d  by more than  an o r d e r  of magnitude from p l a n t  t o  p l an t .  Emis- 
sions from g r a i n  c l ean ing  were found t o  be  dependent on t h e  amount of p re -  
c leaning .  Emissions from primary c leaning ,  a l s o  c a l l e d  sca lp ing ,  were a t  l e a s t  
2 .5  t imes a s  l a r g e  as  emissions from secondary c leaners .  

However, even emissions from on ly  wheat 

Tables B-9, B-10, and B-11  con ta in  the mean p a r t i c l e  diameter  f o r  many 
of the emissions t e s t s .  For r ece iv ing  p i t s  f o u r  of  t h e  f i v e  tests had a mean 
i n l e t  p a r t i c l e  s i z e  of  15 iJm o r  l e s s  ( t h e  s i z e  considered t o  be inha lab le .  
For c l e a n e r s ,  two of  the f i v e  t e s t s  have mean p a r t i c l e  s i z e  of 10 pm o r  less, 
and one of t h e  f i v e  has  a mean p a r t i c l e  s i z e  of 16 pm. 
t i o n s ,  both t e s t s  showed emissions wi th  a mean diameter  of 15 pm o r  less. 
s tudy  found t h a t  g r a i n  c l e a n e r  exhausts  g e n e r a l l y  conta ined  about  10% by 
weight  minus 10 pm p a r t i c l e s ,  and r ece iv ing  p i t  exhausts  conta ined  i n  excess  
of 50% by weight minus 10 pm p a r t i c l e s .  
e l e v a t o r  emissions c o n t a i n  s i g n i f i c a n t  amounts of p a r t i c u l a t e  i n  the minus 
15 km range. 
human r e s p i r a t o r y  system. 

For handl ing  opera- 
The 

The above d a t a  i n d i c a t e  t h a t  g r a i n  

P a r t i c u l a t e s  i n  t h i s  s i z e  range  have t h e  g r e a t e s t  impact on t h e  

The s tudy  a l s o  examined t h e  r e l a t i o n s h i p  between mass concen t r a t ion  and 
opac i ty .  It  was found t h a t  a v i s i b l e  emissions s tandard  of  20% was more 
s t r i n g e n t  than  an emissions s tandard  of 0.1 g r / s c f  f o r  exhausts  from both 
g r a i n  c l e a n e r s  and r ece iv ing  p i t s .  Although d a t a  were not  s u f f i c i e n t  t o  
rlevlp1ep s t a r i s t i c a l l y  r e l i z b l e  c o r r e l s t i o n s  bet::ecn g r z i n  Lozding zx! opacitj . ,  
i t  was g e n e r a l l y  found t h a t  concen t r a t ions  a t  o r  above 0.1 g r / s c f  r e s u l t e d  i n  
v i s i b l e  emissions i n  excess  of 50% from r e c e i v i n g  p i t  c o n t r o l  dev ice  o u t l e t s  
and 40% from g r a i n  c l e a n e r  exhausts.  The d a t a  i n d i c a t e  t h a t  i n  o r d e r  t o  m e e t  
a 20% opac i ty  s t anda rd  a t  c o n t r o l  dev ice  o u t l e t s ,  concen t r a t ions  less than 
0.025 g r / sc f  would be r equ i r ed .  

The d a t a  i n  Tables  B-9, B-10, and B-11 i n d i c a t e  t h a t  t h e  cyclones i n  
e a s t e r n  Washington g e n e r a l l y  had e f f i c i e n c i e s  of a t  l e a s t  95%. 
c e p t i o n  was on a legume c l e a n e r  which had an excep t iona l ly  low i n l e t  g r a i n  
loading. 
achieve o u t l e t  loadings  of l e s s  than  0.025 g r / s c f .  Thus i t  i s  q u i t e  l i k e l y  
t h a t  even w e l l  designed and p rope r ly  ope ra t ed  cyclones w i l l  no t  be a b l e  t o  
c o n s i s t e n t l y  meet a 20% opac i ty  l i m i t .  

The only  ex- 

However, even w i t h  95% e f f i c i e n c i e s  most cyclones were not  a b l e  t o  
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Gra in  E leva to r  Emission Fac to r  Study--?- 5 6 /  

& a p a r t  of a s tudy  t o  develop emiss ion  f a c t o r s  f o r  g r a i n  e l e v a t o r s ,  
emissions t e s t s  were conducted upstream from c o n t r o l  devices  a t  tm e l e v a t o r s  
i n  Kansas. A t  t h e  f i r s t  e l e v a t o r  emission f a c t o r s  were developed f o r  t h e  
t r u c k  dump and t h e  e l e v a t o r  l e g  f o r  each of t h r e e  g r a i n s  (wheat, milo,  and 
soybeans).  A t  the second e l e v a t o r  emission f a c t o r s  were developed f o r  load- 
out ,  t h e  tunnel  b e l t ,  and t h e  b in  ven t  f o r  each of fou r  g r a i n s  (soybeans, 
wheat, mi lo ,  and corn).  

The sampling was conducted upstream of c o n t r o l  equipment us ing  EPA Method 
5 procedures .  The sampling t r a i n  was equipped with a cyclone w i t h  a c u t o f f  
diameter  of  5 pm i n  f r o n t  of  t h e  f i l t e r  t o  avoid over loading  t h e  f i l t e r .  

The emission f a c t o r s  shown i n  Tables  B-12 and B-13 r e p r e s e n t  t h e  " f ron t  
h a l f "  p a r t i c u l a t e  c a t c h  from the  t e s t s .  The "catch > 5 p" c o n s i s t s  of t h a t  
p o r t i o n  of  t h e  t o t a l  f r o n t - h a l f  which was cap tu red  i n  t h e  cyclone. 

The t e s t  r e p o r t s  noted t h a t  t h e  cyclone became overloaded i n  s e v e r a l  of  
t h e  t e s t s  p o s s i b l y  lead ing  t o  i n a c c u r a t e  e s t i m a t e s  of s i z e  d i s t r i b u t i o n .  In 
a d d i t i o n  some of t h e  " p a r t i c u l a t e "  cap tu red  i n  the cyclone cons i s t ed  o f  
broken g r a i n  k e r n e l s  and chaf f .  
tem "crea tes"  p a r t i c u l a t e  t h a t  would n o t  normally be emi t ted  from a t o t a l l y  
uncon t ro l l ed  source.  
v e n t i l a t e d  source  wi th  no c o n t r o l  dev ice  rather than  from a t o t a l l y  uncon t ro l l ed  
source.  

This would i n d i c a t e  t h a t  t h e  v e n t i l a t i o n  sys- 

Thus these  emission f a c t o r s  r ep resen t  emissions from a 

Given the above l i m i t a t i o n s ,  the d a t a  s t i l l  have some value.  In par-  
t i c u l a r  t h e s e  d a t a  r e i n f o r c e  the e a r l i e r  conc lus ion  t h a t  emissions a r e  
dependent upon g r a i n  type. In a d d i t i o n  t h e  d a t a  e x h i b i t  t h e  same v a r i a t i o n ,  
a l though t o  a sma l l e r  degree,  from t e s t  t o  t e s t  shown i n  e a r l i e r  s t u d i e s .  

Data i n d i c a t e  t h a t  d u s t  from g r a i n  handl ing  ope ra t ions  have adverse 
e f f e c t s  on t h e  s k i n ,  eyes ,  and r e s p i r a t o r y  system of humans. A l l e r g i c  skin 
r e a c t i o n s  and eye i r r i t a t i o n  have occurred i n  workers exposed t o  high con- 
c e n t r a t i o n s  of  g r a i n  dus t .  The most s eve re  impact of g r a i n  d u s t  on exposed 
workers i s  the e f f e c t  on t h e  r e s p i r a t o r y  system. There a r e  two main hypotheses  
concerning the mechanism o f  t h e  a c t i o n  o f  t h e  g r a i n  d u s t s  i n  t h e  r e s p i r a t o r y  
system: f i t s t ,  t h e  f i n e  p a r t i c l e s  i n  the g r a i n  d u s t  may a c t  as a mechanical 
i r r i t a n t ;  second, t h e r e  may b e  an a n t i g e n i c  e f f e c t  due t o  t h e  organic ,  or 
perhaps the ino rgan ic  p a r t  of the  dus t ,  wi th  product ion  of as thmat ic  reac-  
t i o n s  in the c a s e  of  the former and f i b r o t i c  changes i n  t h e  l a t t e r .= '  De- 
t a i l e d  d e s c r i p t i o n s  o f  t h e  e f f e c t s  of g r a i n  d u s t s  on workers r e s p i r a t o r y  
systems a r e  p re sen ted  i n  References 18  through 20. 
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Data a r e  a l s o  a v a i l a b l e  which i n d i c a t e  t h a t  many of  t h e s e  same r e s p i r a -  
t o ry  e f f e c t s  can  be found i n  some pe r sons  exposed to  a i r b o r n e  d u s t s  emi t t ed  
f r o m  g r a i n  e l eva to r s .  In p a r t i c u l a r ,  a s tudy  done a t  t h e  Un ive r s i ty  of  
Minnesota over  a 5-year pe r iod  concluded t h a t  t h e r e  was cons ide rab le  suppor t  
f o r  a hypothes is  of asthma a t t a c k s  induced by r e s p i r a t o r y  i r r i t a t i o n  from 
atmospheric p a r t i c l e s  from g r a i n  h a n d l i n g s /  Evidence a l s o  e x i s t s  t h a t  as th-  
mat ic  a t t a c k s  i n  New Or leans  may be a t t r i b u t e d  i n  p a r t  by a i r b o r n e  e f f l u e n t  
from a l a r g e  g r a i n  e l e v a t o r s /  A more d e t a i l e d  a n a l y s i s  of the h e a l t h  e f f e c t s  
from g r a i n  e l e v a t o r s  i s  p re sen ted  i n  Reference 15 .  Reference 15 concludes t h a t  
a t  normal low ambient p a r t i c u l a t e  concen t r a t ions  (< 100 mg/m3)  no evidence 
e x i s t s  f o r  adverse e f f e c t s  t o  h e a l t h y  people  f rom g r a i n  and f u e l  emissions. 
However, people  having p r e - e x i s t i n g  r e s p i r a t o r y  d i s o r d e r s  may be a f f e c t e d  
by r a p i d  i n c r e a s e s  above t h e  seasona l  mean concen t r a t ion  of p a r t i c u l a t e  g r a i n  
dust .  
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The atmospheric emissions from g r a i n  e l e v a t o r s  a r e  p r i m a r i l y  t h e  par-  
t i c u l a t e  ( d u s t )  genera ted  dur ing  t h e  handl ing and t r a n s f e r  of g ra in .  Two 
types o f  methods a r e  used t o  reduce t h e s e  emissions:  ( a )  t h e  p rocess  o r  
f a c i l i t y  i s  modif ied i n  manner which dec reases  t h e  amount of d u s t  genera ted  
by an ope ra t ion ;  and ( b )  some type  of system i s  used t o  c a p t u r e  o r  con ta in  
t h e  emissions which a r e  then  ducted t o  an a i r  p o l l u t i o n  c o n t r o l  device.  Con- 
t r o l s  i n  e l e v a t o r s  o f t e n  c o n s i s t  of combinat ions of  t h e s e  methods. 

Controls  systems f o r  most g r a i n  e l e v a t o r  ope ra t ions  a r e  w e l l  developed, 
and a r e  descr ibed  i n  d e t a i l  i n  t h e  l i t e r a t ~ r e . ~ ~ $ ~ 3 - ~ ~ /  The subsec t ion  below 
b r i e f l y  d e s c r i b e s  the  p rocess  mod i f i ca t ions  and/or  cap tu re  systems which re- 
duce o r  c u r t a i l  emissions a t  t h e  source.  The d i s c u s s i o n s  of cap tu re  systems 
i s  followed by a s h o r t  d i scuss ion  of t h e  a i r  p o l l u t i o n  c o n t r o l  devices  used a t  
g r a i n  e l e v a t o r s .  A b r i e f  d i s c u s s i o n  on o p e r a t i o n  and maintenance p r a c t i c e s  
app l i cab le  t o  g r a i n  e l e v a t o r s  concludes t h e  s e c t i o n .  

PETHODS FOR REDUCING/CONTAINING EMISSIONS AT THE SOURCE 

P a r t i c u l a t e  emissions from country e l e v a t o r s  c o n s i s t  of d u s t s  brought 
i n t o  t h e  e l e v a t o r  wi th  t h e  g r a i n  o r  gene ra t ed  by a b r a s i v e  a c t i o n  on t h e  g r a i n  
during handling. These d u s t s  may be l i b e r a t e d  dur ing  each of  the fol lowing 
operat ions.  

1. Gra in  Receiving 

2 .  Grain  Dryers 

3.  Cleaning 

4. Garner and Sca le  Bins  

5. Legs 

6. T rans fe r  P o i n t s  ( i n  t h e  Ga l l e ry  and Tunnel) 

7. Gra in  Shipping 

The methods which appear t o  b e s t  reduce  o r  c o n t a i n  the d u s t  a t  each 
of  t hese  emissions p o i n t s  a r e  descr ibed  below. 

Gra in  Receiving 

Gra in  r ece iv ing  i s  one o f  t h e  more v i s i b l e  emissions sources  a t  g r a i n  
e l eva to r s .  It i s  a l s o  one of t h e  most d i f f i c u l t  t o  con t ro l .  Gra in  i s  received 
a t  the  e l e v a t o r  i n  t rucks ,  hopper c a r s ,  and boxcars. AS t h e  g r a i n  i s  dumped 
from t h e  t r a n s p o r t  v e h i c l e  i n t o  t h e  r ece iv ing  p i t ,  l a r g e  volumes of d u s t  
a r e  genera ted  over  a s h o r t  t i m e  per iod.  This problem i s  compounded when, . .  
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a s  i s  o f t e n  t h e  case ,  two o r  more s i d e s  of  t h e  p i t  a r ea  a r e  open t o  the atmos- 
phere.  Wind c u r r e n t s  then  exacerba te  t h e  problem of con ta in ing  t h e  l a r g e  
volume of dus t .  

The f i r s t  s t e p  i n  c o n t r o l l i n g  emiss ions  from g r a i n  r ece iv ing  i s  t o  mod- 
i f y  t h e  p rocess  i n  such a way t h a t  ( a )  t h e  d i s t a n c e  over  which t h e  g r a i n  
i s  i n  f r e e f a l l  i s  a s  s h o r t  a s  p o s s i b l e ;  and (b) t h e  o p e r a t i o n  i s  s u f f i c i e n t l y  
enclosed t o  e l i m i n a t e  wind c u r r e n t s  over  the p i t .  

Reference 24 sugges ts  t h a t  emissions from t ruck  dumping can be reduced 
i f  o p e r a t o r s  c a r e f u l l y  r a i s e  h o i s t s  t o  a l low g r a i n  t o  flow evenly from the 
t r u c k  r a t h e r  than i n  a l a r g e  mass. Two o t h e r  process  mod i f i ca t ions  he lp  con- 
t a i n  emissions from t r u c k  dmps .  Louvres ( f i x e d  o r  moveable) j u s t  below t h e  
g r a t e  l e v e l  of  the p i t  even t h e  flow of g r a i n  i n t o  t h e  p i t  and he lp  con ta in  
emissions below g r a i n  l eve l .  I n  add i t ion ,  t h e  p i t  a r e a  should be w e l l  enclosed. 
This inc ludes  permanent wa l l s  on two s i d e s  of  t h e  p i t  and quick c l o s e  doors  
on a t  l e a s t  one and p r e f e r a b l y  both ends of  t h e  p i t > /  I n  a d d i t i o n  t o  these 
p rocess  mod i f i ca t ions ,  a i r  should be exhausted from t h e  p i t ,  p r e f e r a b l e  below 
t h e  g r a t e  l e v e l  a t  a r a t e  o f  a t  l e a s t  100 cfm pe r  square f o o t  of g r a t e  area.- 15 I 
Data from emissions t e s t i n g  i n  e a s t e r n  Washington sugges t  t h a t  f u g i t i v e  emis- 
s i o n s  a r e  w e l l  c o n t r o l l e d  a t  a f a c e  v e l o c i t y  of 75  fpm and t h a t  v e l o c i t i e s  of  
130 fpm o r  g r e a t e r  tend t o  induce g r a i n  i n t o  t h e  exhaust  stream.- 11/ 

The most c o m o n  boxcar unloading method c o n s i s t s  f i r s t  of breaking t h e  
g r a i n  door i n s i d e  t h e  c a r ,  which produces a surge  of g r a i n  and d u s t  a s  t h e  
g r a i n  f a l l s  i n t o  t h e  r ece iv ing  hopper. A f t e r  t h e  i n i t i a l  surge  of g r a i n ,  
t h e  remaining g r a i n  i s  scooped o u t  of the car us ing  power shovels ,  a bobcat 
o r  some s i m i l a r  means. A surge  of d u s t  accompanies each scoop of g r a i n  a s  
i t  s t r i k e s  t h e  r ece iv ing  p i t .  

The o t h e r  common boxcar unloading technique,  used mainly by t e rmina l  
e l e v a t o r s ,  i s  a mechanical  c a r  dump which clamps t h e  c a r  t o  a moveable sec-  

c a r  door i n t o  a r ece iv ing  p i t .  

A < - -  ^ C  *---1. -..A - -A  . . a , * "  *I.,. ^ ^ "  .̂  
C I " L L  " I  LLPLrr _ L . U  L V L P L Z a  S L L L U  L I L L i l  YIL ,.UL ." rA-T t!!e g r a i n  0°C of  t!!e 

A s  with t h e  t r u c k  dump, louvres  i n  t h e  dump p i t  and enc losure  of t h e  
a r e a  w i l l  he lp  c o n t a i n  emissions f rom e i t h e r  type  of unloading. If the scoop 
type  unloading i s  used, it i s  suggested t h a t  emissions can  be minimized by 
keeping t h e  drop d i s t a n c e  from t h e  bucket  a s  small  a s  p o s s i b l e a /  

Undergrate a s p i r a t i o n  can be app l i ed  t o  t h e  f i r s t  unloading method, 
and w i l l  reduce emissions,  b u t  l a rge  volumes of a i r  a r e  necessary  t o  provide  
h igh  cap tu re  e f f i c i e n c y .  A t y p i c a l  r a i l c a r  unloading system might handle  
35,000 t o  50,000 bu /h r  which would r e q u i r e  undergra te  a s p i r a t i o n  of about  
20,000 t o  25,000 cfm, 15 / 
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I n  a d d i t i o n  t o  unde rg ra t e  a s p i r a t i o n ,  some e l e v a t o r s  have i n s t a l l e d  
a s p i r a t i o n  pane l s  nea r  the c a r  door i n  a n  at tempt  t o  c a p t u r e  t h e  d u s t  emis- 
s ions.  This  method i s  cons ide rab ly  more e f f e c t i v e  if a f l e x i b l e  c l o s u r e  i s  
used a s  shown i n  F igure  C-1. This  can  be  reasonably e f f e c t i v e  even when t h e  
unloading a r e a  i s  n o t  enclosed, 15 I 

The mechanical c a r  dump p r e s e n t s  a more d i f f i c u l t  d u s t  c o n t r o l  problem. 
Undergrate a s p i r a t i o n  has been used t o  reduce  t h e  emission. Asp i r a t ion  pane l s  
near  t h e  door have a l s o  been used, b u t  their  u t i l i t y  i s  r e s t r i c t e d  due t o  
c l ea rances  necessary  f o r  r o t a t i o n  and t i l t i n g  of t h e  ca r .  Asp i r a t ion  duc t s  
loca ted  a t  each end of t h e  dump p i t  have a l s o  been u s e d . g /  

Two methods a r e  a v a i l a b l e  f o r  c o n t r o l  of  emissions from hopper c a r  unloading. 
The f i r s t  i s  a combination o f  p i t  enc losure ,  louvres ,  and a s p i r a t i o n  s i m i l a r  
t o  t h a t  i n  t r u c k  dumps. The second i s  a choke feeding system. With this sys- 
tem a small  hopper i s  p l aced  immediately below t h e  hopper car.  The g r a i n  i s  
allowed t o  form a cone between t h e  sha l low rece iv ing  hopper and t h e  r ece iv ing  
g ra t e .  There i s  a momentary cloud of d u s t  a s  t h e  hopper f i l l s ,  b u t  the  r e -  
mainder of t h e  ope ra t ion  i s  almost d u s t  free,- 24 I 

Grain  Drying 

Gra in  d r y e r s  p r e s e n t  a d i f f i c u l t  problem f o r  a i r  p o l l u t i o n  c o n t r o l  be- 
cause of t h e  l a r g e  volumes of  a i r  exhausted from t h e  d rye r ,  the l a r g e  c ros s -  
s e c t i o n a l  a r e a  of  t h e  exhaust ,  t h e  low s p e c i f i c  g r a v i t y  of  the emi t ted  d u s t ,  
and t h e  h igh  mois ture  con ten t  of t h e  exhaust  stream. The p a r t i c l e s  emi t ted  
from t h e  d r y e r s ,  a l though r e l a t i v e l y  l a r g e ,  a r e  very l i g h t  and d i f f i c u l t  
t o  c o l l e c t .  "Beeswing," a l i g h t  f l aky  m a t e r i a l ,  t h a t  b reaks  o f f  from t h e  
co rn  k e r n e l  dur ing  dry ing  and handl ing ,  i s  t h e  troublesome p a r t i c u l a t e  
emission. 

The t y p i c a l  mode of c o n t r o l  f o r  g r a i n  d r y e r s  has  been t h e  use  of s c reens  
a t  t h e  o u t l e t  of  t h e  d r y e r  t o  c a p t u r e  t h e  p a r t i c u l a t e ,  95% of which i s  g r e a t e r  
than 50 I.rm i n  diameter.  Various sc reen ing  systems f o r  g r a i n  d r y e r s  a r e  de- 
s c r ibed  i n  Reference 15.  The NSPS e f f e c t  on ly  those  column d r y e r s  w i t h  column 
p l a t e  performation exceeding 0.094 in .  and rack  d rye r s  which exhaust  gases  
through sc reens  c o a r s e r  than  50 mesh. Hence, s c reens  of this s i z e  a r e  assumed 
t o  e f f i c i e n t l y  c o n t r o l  dryers .  

Gra in  Cleaning 

Cleaners  and s c a l p e r s  genera ted  d u s t  
o f  m a t e r i a l  ove r  s c reens  and p l a t e s .  This  
by f u l l  enclosure.  The system should then  
through a i r  exhaust.  Sys t ems  f o r  both new 
in Reference 2 4 :  
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emissions through the a g i t a t i o n  
ope ra t ion  can be wel l  c o n t r o l l e d  
be k e p t  under nega t ive  p r e s s u r e  
and r e t r o f i t  c o n t r o l s  a r e  descr ibed  



BUILDIKG - 9,000 TO 15,000 CFM 

LINE 

ROTARY 
-VALVE 

UNLOADING LEAKS - 2,000 
DEVICE TO 5,000 CFM 

10,000 CFM 
IN DOOR 

FLEXIBLE CLOSURE 

F i g u r e  C-1 - aoxcar  unloading d u s t  control system. 
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t Scale  and Garner 

Sca le  and ga rne r  b i n s  should be  f u l l y  enclosed and i n t e r v e n t e d  t o  avoid 
p r e s s u r e  bui ldups which might cause  d u s t  leakage. A i r  should be exhausted 
t o  provide nega t ive  p r e s s u r e  w i t h i n  t h e  t o t a l  s c a l e  and ga rne r  system. S p e c i f i c  
d u s t  c o n t r o l  des igns  f o r  d i f f e r e n t  types  of systems a r e  shown i n  Reference 
24. 

The l e g s  a t  most e l e v a t o r s  a r e  bucket  e l e v a t o r s  which t a k e  t h e  g r a i n  
from t h e  bottom of  t h e  e l e v a t o r  t o  t h e  t o p  from where i t  i s  s t o r e d  o r  shipped 
by g r a v i t y  feed. Dust i s  genera ted  when g r a i n  i s  dumped i n t o  t h e  bottom (boo t )  
of  t h e  l e g  and when i t  i s  d ischarged  a t  t h e  top  (head)  of t h e  leg.  However, 
t h e  l e g  i s  an enclosed system and d u s t  emiss ions  can be  conta ined  by main ta in ing  
a nega t ive  p r e s s u r e  i n  the leg.  This  nega t ive  p r e s s u r e  can b e s t  be maintained 
a t  a l l  p o i n t s  i n  t h e  l e g  i f  t h e  up and down s i d e s  of t h e  e l e v a t o r  have a com- 
mon enc losure  o r  some type  of  i n t e r v e n t i n g .  A t y p i c a l  exhaus t  system f o r  t h e  
boot of t h e  l eg  i s  shown i n  Reference 24, and a des ign  f o r  t h e  complete system 
i s  presented  i n  Reference 23. 

T rans fe r  P o i n t s  

T rans fe r  p o i n t s  w i t h i n  an e l e v a t o r  i nc lude  t r a n s f e r s  between b e l t s ,  
dump p o i n t s  from t h e  s t o r a g e  b i n s  t o  t h e  tunne l  b e l t ,  t r a n s f e r  from t h e  
d i s t r i b u t o r  o r  s c a l e s  t o  t h e  g a l l e r y  b e l t ,  and t h e  t r i p p e r ,  a moveable de- 
v i ce  which t r a n s f e r s  t h e  g r a i n  from g a l l e r y  b e l t  t o  t h e  bins.  Dust i s  gen- 
e ra t ed  each t i m e  t h e  g r a i n  i s  t r a n s f e r r e d  from one device  t o  another.  

Most emissions 'from t r a n s f e r  p o i n t s  can be  c o n t r o l l e d  by proper  hood- 
ing  t h a t  i s  exhausted t o  a c o l l e c t o r .  The hooding des igns  may vary,  b u t  they 
usua l ly  a r e  cons t ruc t ed  so a s  t o  cover  the t r a n s f e r  p o i n t s  and minimize the 
a rea  open t o  t h e  surroundings.  The q u a n t i t y  of  a i r  exhausted from each hood 
i s  g e n e r a l l y  based on open a r e a  exposed t o  t h e  surroundings.  I f  s e v e r a l  hoods 
a r e  used along one b e l t ,  t hey  a r e  normally connected t o  a common exhaust  
duc t  and each connect ion i n c l u d e s  a s l i d e  g a t e  t o  provide  f o r  proper  ad jus t -  
ment of a i r f low.  Hood s p e c i f i c a t i o n s  f o r  v a r i o u s  t r a n s f e r  p o i n t s  a r e  shown 
i n  References 23 and 24. 

One of t h e  more d i f f i c u l t - t o - c o n t r o l  t r a n s f e r  p o i n t s  i s  t h e  " t r ippe r "  ' 

on each g a l l e r y  b e l t .  Th i s  t r i p p e r  i s  moved along the  b e l t  to  d i scharge  t h e  
g r a i n  i n t o  t h e  proper  b in ,  and t h i s  i s  a t r a n s f e r  ope ra t ion  t h a t  i s  d i f f i c u l t  
t o  con t ro l .  As t h e  g r a i n  i s  d i v e r t e d  from t h e  g a l l e r y  b e l t  by t h e  t r i p p e r ,  
i t  gene ra t e s  d u s t  t h a t  i s  r e l e a s e d  i n t o  t h e  g a l l e r y  a r e a  and escapes through 
windows and o t h e r  openings. Proper  hooding on t h e  t r i p p e r  w i l l  a l low cap tu re  
o f  most of  t h e  d u s t  emission b u t  the requ i r ed  mob i l i t y  of t h e  t r i p p e r  r e q u i r e s  
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s p e c i a l  arrangements t o  exhaus t  a i r  from the t r i p p e r  t o  a c o l l e c t i o n  device.  
Some t e rmina l  e l e v a t o r s  have i n s t a l l e d  an exhaus t  d u s t  a longs ide  t h e  g a l l e r y  
b e l t ,  wi th  connec t ions  i n  t h e  duc t  a t  each l o c a t i o n  where t h e  t r i p p e r  may be  
pos i t i oned .  This r e q u i r e s  t h a t  t h e  t r i p p e r  b e  manually connected t o  t h e  ex- 
h a u s t  duc t  each t ime t h e  t r i p p e r  i s  moved. O the r  e leva ' tors  have e l imina ted  
t h i s  problem by i n s t a l l i n g  an exhaust  duc t  w i th  a rubber  z ippe r  along the 
l eng th  o f  t h e  duc t  so t h a t  t h e  t r i p p e r  i s  always connected t o  t h e  exhaust  
duc t  r e g a r d l e s s  of  i t 5  p o s i t i o n . g /  

One development i n  c o n t r o l  o f  emiss ions  from t r a n s f e r  p o i n t s  i s  the 
use  of  completely enclosed conveyors and this may be coupled with p r e s s u r i -  
z a t i o n  o f  t h e  surroundings t o  e l imina te  any p o s s i b i l i t y  of d u s t  escaping 
i n t o  t h e  room. Such u n i t s  a r e  e s p e c i a l l y  a p p l i c a b l e  t o  conveyors i n  t h e  base- 
ment a r e a  o f  t h e  e l e v a t o r s ,  b u t  they might a l s o  be adapted f o r  u s e  i n  t h e  
gallery.- 15 / 

Gra in  S h i m i n g  

Gra in  i s  shipped from e l e v a t o r s  by t r u c k ,  hopper c a r ,  boxcar, sh ip ,  
and barge. In most ope ra t ions ,  l a r g e  amounts of  d u s t  a r e  genera ted  by t h e  
f r e e  f a l l  o f  d u s t  over  l a r g e  d is tances .  Because of t h e  varying s i z e s  of the 
t r a n s p o r t  v e h i c l e s  and t h e  openness of the o p e r a t i o n s ,  g r a i n  shipping a c t i v i -  
t i e s  a r e  the most d i f f i c u l t  e l e v a t o r  sou rces  t o  con t ro l .  

Most t r u c k  loading  o p e r a t i o n s  involve  t h e  f r e e - f a l l  oE g r a i n  i n t o  the 
t r u c k  w i t h  cons ide rab le  emission of  dust .  The c o n t r o l  of  t h e  d u s t  emissions 
from t r u c k  loading i s  d i f f i c u l t  due t o  t h e  v a r i a t i o n s  i n  t h e  s i z e s  of t h e  
t r u c k s  and r e q u i r e d  movement of t h e  loading spout. A t  many te rmina l  e l e v a t o r s  
t h e  t r u c k  loading o p e r a t i o n  i s  covered and enclosed on two s i d e s  and a f e w  
of t h e s e  have a s p i r a t i o n  duc t s  i n s i d e  this a r e a ,  b u t  cap tu re  e f f i c i e n c y  i s  
hampered by t h e  wind-tunnel e f f e c t . z /  

I t  may be  p o s s i b l e  to i n s t a l l  a shroud, with a s p i r a t i o n ,  t h a t  covers  
t h e  top of t h e  t ruck ,  b u t  the d i f f e r e n t  s i z e s  of  t rucks ,  and t h e  need f o r  
t h e  o p e r a t o r  t o  observe  t h e  loading, may make t h i s  method imprac t i ca l .  How- 
ever ,  such a system h a s  been used s u c c e s s f u l l y  f o r  hopper c a r  loading.- 15 / 

Choke loading  may a l s o  be used, wherein t h e  g r a i n  does not  f r e e - f a l l  
i n t o  t h e  c a r  o r  t r u c k  b u t  i n s t e a d  i s  r e s t r i c t e d  by t h e  accumulated g r a i n  
load  o r  p i l e  by means of a te lescoping  spout .  T h i s  loading method does h e l p  
t o  reduce t h e  emissions,  b u t  may not  p rov ide  s u f f i c i e n t  r educ t ion  i n  the 
emissions f o r  a i r  p o l l u t i o n  c o n t r o l  p u r p o s e s A /  

It would be p o s s i b l e ,  o f  course,  t o  u s e  doors  a t  both ends of t h e  load- 
ing  enc losu re  and evacuate  t h e  a i r  from the enclosed a r e a  t o  a c o l l e c t o r .  
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However, t h e  doors  hamper movement of t r u c k s  and no e l e v a t o r s  a r e  known t o  
use t h i s  method, 151 

Two methods of c o n t r o l l i n g  t h e  d u s t  emission from boxcar loading have 
been used, a l though they have i n f r e q u e n t l y  been appl ied.  The f i r s t  method 
c o n s i s t s  of  cover ing  t h e  c a r  door w i t h  some m a t e r i a l  and a s p i r a t i n g  t h e  a i r  
from i n s i d e  t h e  c a r  t o  a s u i t a b l e  c o l l e c t o r  ( u s u a l l y  a f a b r i c  f i l t e r ) .  The 
second method c o n s i s t s  of an a s p i r a t i o n  system loca ted  near  t h e  c a r  door. 
This  second method i s  n o t  a s  e f f e c t i v e  a s  t h e  f i r s t ,  b u t  i t  al lows t h e  op- 
e r a t o r  t o  observe and a d j u s t  t h e  spout  duri.ng loading opera t ions .  A ske tch  
of one such system i s  shown i n  F igure  C-2-151 . 

The methods used t o  load hopper c a r s  and t o  c o n t r o l  the a s s o c i a t e d  d u s t  
emissions a r e  s i m i l a r  t o  those  used f o r  t r u c k s  and t h e  loading  may be done 
i n  an enclosed a rea .  One d u s t  c o n t r o l  method t h a t  has  been s u c c e s s f u l l y  
used t o  c o n t r o l  d u s t  from hopper c a r  loading i s  shown i n  F igure  C-3. This  
c o n s i s t s  of  a shroud made of  b e l t i n g  m a t e r i a l  t h a t  enc loses  a p o r t i o n  of  
the  top of  t h e  c a r  t o  wi th in  a few inches  of  t h e  r o o f l i n e .  A second i n n e r  
shroud enc loses  t h e  loading spouts  and approximately 9,000 cfm o f  a i r  i s  
a s p i r a t e d  from i n s i d e  t h i s  i n n e r  shroud t o  a c o n t r o l  device.  The i n n e r  shroud 
comes t o  wi th in  1 t o  2 f t  of t h e  roof  o f  t h e  c a r  which a l lows  t h e  o p e r a t o r  
t o  observe t h e  loading and c o n t r o l  t h e  flow of gra in .  This  system appears  
t o  be q u i t e  e f f e c t i v e  and e l imina te s  t h e  need f o r  enc los ing  t h e  loading area .  
S imi l a r  systems c o n s i s t i n g  of  a c o l l e c t i o n  hood with f l e x i b l e  duc t ing  have 
been designed t o  a s p i r a t e  a i r  from t h e  hopper c a r  during l o a d i n g s 1  

The c o n t r o l  o f  emissions from sh ip  and barge loading i s  t h e  most d i f f i -  
c u l t  c o n t r o l  problem i n  g r a i n  e leva tors .  The g r a i n  u s u a l l y  f a l l s  a cons idera-  
b l e  d i s t a n c e  i n t o  t h e  s h i p s '  ho ld  c r e a t i n g  a l a r g e  cloud of  dust .  Containment 
of t h e  d u s t  emissions without  impair ing t h e  o p e r a t o r ' s  c o n t r o l  o f  t h e  loading 
opera t ion  p r e s e n t s  a chal lenge.  

Some degree  of  c o n t r o l  can be obta ined  by us ing  a choke-feeding system 
when loading g r a i n  i n t o  t h e  hold. Th i s  can  be accomplished by keeping t h e  
spout  4 t o  6 in .  i n  t h e  g ra in .  However, t h i s  i s  n o t  always p o s s i b l e ,  e spec i -  
a l l y  dur ing  s t a r t u p  and trimming. During t h e s e  pe r iods ,  t h e  hold must be 
covered wi th  p l a s t i c  o r  canvas. Air i s  a s p i r a t e d  from t h e  hold t o  ma in ta in  
nega t ive  pressure .  

A comprehensive c o n t r o l  system f o r  s h i p  loading has  been developed a t  
a C a r g i l l ,  Inc., f a c i l i t y  a t  P i e r  86 i n  S e a t t l e .  The system, descr ibed  below, 
c o n t r o l s  emissions from t h e  loading of bu lk  c a r r i e r s ,  t ankers ,  and t'ween 
deckers.  To develop t h e  loading system, t h e  loading ope ra t ion  was broken 
down i n t o  f o u r  main a c t i v i t i e s :  ( a )  s t a r t - u p ;  (b)  gene ra l  f i l l i n g ;  ( c )  
trimming; and ( d )  topping. 
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Approx. 12" Clearance 
Between Boxcar 8, Housing 4- 

F i g u r e  c-2 - Dust c o n t r o l  system f o r  boxcar loading.  
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A l l  s h i p s  (except  t a n k e r s )  can be  s t a r t e d  i n  t h e  fol lowing manner: The 
loading spou t  can be  extended t o  w i th in  3 f t  of t h e  bottom of  t h e  ship and 
pouring s t a r t e d  a t  1,200 tons lh r .  This  w i l l  b u i l d  a p i l e  s u f f i c i e n t  t o  bury 
t h e  spout  i n  less than  2 min. During this pe r iod ,  d u s t  w i l l  be emited b u t  
t h e  r e g u l a t i o n  a l lows  f o r  excess ive  d u s t  emission f o r  3 min every hr .  I n  
some c a s e s ,  a s  many a s  two 1 0 - f t  ex t ens ions  a r e  needed t o  reach  t h e  bottom 
of  t h e  ship.26/ 

I f  t h e  spout  cannot  be p l aced  s u f f i c i e n t l y  c l o s e  t o  t h e  bottom, an a l t e r n a t e  
method should b e  used. This  c o n s i s t s  of i n s e r t i n g  the spout  i n  the ha tch ,  
c l o s i n g  t h e  ha t ch  cove r s  a s  f a r  a s  p r a c t i c a l  and covering the  remaining h o l e  
wi th  t a q s  o r  p l a s t i c .  A 10 f t  by 10 f t  h o l e  can be l e f t  open f o r  v i s u a l  
i n s p e c t i o n  o f  t h e  f i l l i n g  process .  During this time, s u f f i c i e n t  a i r  i s  being 
d r a m  up t h e  spou t  and t h e  incoming a i r  e l i m i n a t e s  d u s t  emissions.  However, 
when t h e  g r a i n  reaches  the extended spout  i t  should be b u r i e d  and t h e  p i l e  
of g r a i n  moved around by t h i s  method. These two methods w i l l  reduce emis- 
s i o n s  on a l l  bu lk  c a r r i e r s  or gene ra l  cargo type ships-261 

Af te r  t h e  p i l e  has  been s t a r t e d ,  t h e  g e n e r a l  f i l l i n g  o p e r a t i o n  of evenly 
d i s t r i b u t i n g  t h e  g r a i n  a c r o s s  t h e  hold  i s  i n i t i a t e d .  From both an o p e r a t i o n a l  
and d u s t  c o n t r o l  s t andpo in t ,  it i s  b e s t  t o  keep t h e  spout  b u r i e d  i n  the g r a i n  
dur ing  this ope ra t ion ;  however, when this i s  not  p r a c t i c a l ,  t h e  ha t ch  must 
be covered t o  t h e  e x t e n t  t h a t  only a 10 - f t  x 1 0 - f t  opening remains; f i l l i n g  
can then  be  continued.- 26 1 

The t r i m i n g  o p e r a t i o n  i s  unique t o  ' tween deckers  and i s  r e q u i r e d  when 
g r a i n  cannot  f i l l  t h e  voids  under t h e  lower decks by gene ra l  f i l l i n g .  This  
trimming o p e r a t i o n  i s  one of  t h e  d u s t i e s t  and t h e  most d i f f i c u l t  of a l l  
ope ra t ions  t o  con t ro l .  To s o l v e  this d u s t  problem, two methods were a v a i l a b l e ;  
f i r s t ,  t h e  des ign  of  t h e  loading g a l l e r y  a t  P i e r  86 i s  such t h a t  t h e  g r a i n  
reaches s u f f i c i e n t  v e l o c i t y  i n  the spout  to  be "thrown" a cons ide rab le  d i s -  
t ance  by a simple d e f l e c t o r  o r  spoon; second, t h e  u t i l i z a t i o n  of  t h e  long 
e s t a b l i s h e d  mechanical  trimming machine which throws the g r a i n  under t h e  
deck by means of  a h igh  speed b e l t  a t  P i e r  86. The mechanical trimming machine 
was found t o  b e s t  c o n t r o l  d u s t  emissions a s  follows. 

F i r s t ,  50% t o  60% of  t h e  dus t  gene ra t ed  f rom t h e  machine w a s  emi t ted  
f rom t h e  top of  t h e  machine. Second, about 30% was gene ra t ed  above and below 
t h e  g r a i n  stream. And, t h i r d ,  t h e  remaining 10% t o  20% was e n t r a i n e d  w i t h i n  
t h e  g r a i n  stream and could.  n o t  b e  captured.  To c a p t u r e  the machine-emitted 
d u s t ,  a hood and cover  w a s  i n s t a l l e d  on t h e  machine w i t h  a p p r o p r i a t e  exhaust  
d u c t s  f o r  a i r  flow, 26 1 

The f i l l i n g  o f  t h e  top four  f t  of t h e  hold can produce more d u s t  than 
any o t h e r  gene ra l  f i l l i n g  opera t ion .  This  i s  caused when the g r a i n  d u s t  which 
has  been genera ted  i s  cap tu red  by t h e  wind before  it can  s e t t l e  i n t o  t h e  
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hold. To reduce t h e  d u s t ,  i t  i s  e s s e n t i a l  t h a t  t h e  spout  be bu r i ed  i n  t h e  
g r a i n  a t  a l l  times. No o t h e r  f e a s i b l e  method was a v a i l a b l e  t o  reduce the 
dust .  In f a c t ,  t h e  topping ope ra t ion  i s  g r e a t l y  improved by t h i s  p r a c t i c e  
a s  t h e  tonnage i s  inc reased  and i s  c l e a n e r  t han  o t h e r  methods which he ld  
t h e  spout  above t h e  gra in .  

F i l l i n g  of t anke r s  i s  broken down i n t o  two ope ra t ions ;  g e n e r a l  f i l l i n g  
through t h e  "hard h a t "  and f i n a l  f i l l i n g  of  the void i n  t h e  tank  through 
t h e  B u t t e r w o r t h s s /  In most cases ,  the ' h a r d  h a t "  can be  f i l l e d  by i n s e r t i n g  
the  main spout  d i r e c t l y  i n  t h e  h o l e  and having t h e  exhaust  a i r  go up through 
the  spout .  By c l o s i n g  t h e  Butterworths ,  a l l  t h e  a i r  i s  exhausted through 
t h e  "hard h a t "  and up t h e  spout  vacuum system. No o t h e r  cover ing  i s  normally 
necessary; however, i f  t h e  spout  does n o t  f i t  d i r e c t l y  i n t o  t h e  "hard h a t , "  
covering may be  necessary  t o  b e t t e r  d i r e c t  t h e  g r a i n  f l o w . 6 1  To f i l l  Bu t t e r -  
worths, t h e  spout  must be reduced and a t t a c h e d  t o  an a i r t i g h t  12-in. f l e x i b l e  
s t e e l  tube; t h e  end i s  i n s e r t e d  i n  t h e  Butterworth and f i l l e d  a t  a r a t e  n o t  
exceeding 600 tons /hr .  The damper on the supplementary exhaust  duct  c l o s e s  
t h e  opening t o  t h e  loading spout.  A 12-in. f l e x i b l e  p l a s t i c  hose i s  p laced  
over t h e  duc t  end and i n s e r t e d  i n  t h e  f a r t h e s t  But terworth from i h e  loading 
a s  p r a c t i c a l .  This  a l lows  f o r  max imum s e t t l i n g  of t h e  d u s t ;  t h e r e  a r e  
v i r t u a l l y  no emissions from this loading m o d e s f  

Some concern has  been r a i s e d  by dock workers about  p o s s i b l e  explos ion  
hazards  c r e a t e d  by covering the hold  dur ing  loading. However, i t  h a s  been 
determined, t h a t  d u s t  l e v e l s  i n  t h e  ho ld  dur ing  loading a r e  an o r d e r  of mag- 
n i tude  below t h e  lower explos ion  l i m i t  f o r  g r a i n  d u s t  of 35,000 mg/m3. 

F u r t h e r  d e t a i l s  on sh ip . and  barge loading  c o n t r o l s  a r e  p re sen ted  i n  
References 15 and 26 .  

DUST CONTROL DEVICES FQR GRAIN ELEVATORS 

In each o f  t h e  c a s e s  descr ibed  above i n  which a i r  was a s p i r a t e d  f rom 
an emissions source,  t h i s  e f f l u e n t  s t ream should be v e n t i l a t e d  through an 
a i r  p o l l u t i o n  c o n t r o l  device  f o r  removal of p a r t i c u l a t e .  The two c o n t r o l  
devices  which a r e  used a t  g r a i n  e l e v a t o r s  a r e  mechanical c o l l e c t o r s ,  p r i -  
mar i ly  cyclones,  and f a b r i c  f i l t e r s .  Cyclones have t h e  advantages of e a s e  
of  maintenance and lower i n s t a l l a t i o n  and ope ra t ing  cos t s .  The major advan- 
tage  of  t h e  f a b r i c  f i l t e r  i s  t h e  ouch h i g h e r  c o l l e c t i o n  e f f i c i e n c y  that is 
a t t a i n e d .  The paragraphs below p r e s e n t  b r i e f  d e s c r i p t i o n s  of  t h e  c o n t r o l  
devices  used a t  g r a i n  e l e v a t o r s 2 /  

- a /  The paragraphs below a r e  excerp ted  from Chapter 3 of Reference 15. 
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Cyclones--Cyclones have been used e x t e n s i v e l y  f o r  c o n t r o l l i n g  emissions 
i n  t h e  g r a i n  and feed  indus t ry .  In t h e  l a s t  5 t o  10 years ,  however, many 
companies have been i n s t a l l i n g  f a b r i c  f i l t e r s  on new source$ which were f o r -  
mal ly  c o n t r o l l e d  only  by cyclones and r e p l a c i n g  e x i s t i n g  cyclones w i t h  f a b r i c  
f i l t e r s .  

Although s e v e r a l  r e l a t i o n s h i p s  between cyclone performance and des ign  
and ope ra t ing  parameters  have been p o s t u l a t e d ,  none i s  e n t i r e l y  s a t i s f a c t o r y .  
The v a r i a t i o n  i n  c o l l e c t i o n  e f f i c i e n c y  w i t h  s e v e r a l  of  t h e s e  parameters  i s  
shown i n  Table  C-1.  

TABLE c-1. CYCLONE DESIGN PARAMETER AND ITS EFFECT ON EFFICIENCY~' 

Increase  i n  parameter Effect on e f f i c i e n c y  

P a r t i c l e  s i z e  
P a r t i c l e  d e n s i t y  
I n l e t  ve loc i t y  
Cyclone body length 
Number of gas  r e v o l u t i o n s  i n  cyclone 
Ra t io  of body d iameter  t o  exi t  duc t  d iameter  
Gas v i s c o s i t y  
Cyclone diameter  
Gas d e n s i t y  

Increase  
Increase  
Increase  
Increase  
Increase  
Inc rease  
Decrease 
Decrease 
Decrease 

Cyclones a r e  c l a s s i f i e d  a s  e i t h e r  ' h i g h  e f f i c i ency"  o r  ' h i g h  throughput." 
. , 1 . 1  , - C > . > . . . ~  1 nLgu ~ L L I L L ~ L K ~  G ~ L L U L I S J  axe i h a r a i t s r l z e d  by a n a r r c J  in?;: opcni-p, 10-g 
body length  r e l a t i v e  t o  body diameter ,  and a small  o u t l e t  diameter  r e l a t i v e  
t o  t h e  body diameter.  Higher c o l l e c t i o n  e f f i c i e n c i e s  r e s u l t  f rom t h e  inc reased  
energy expended due t o  t h e  h igh  i n l e t  v e l o c i t i e s .  High throughput cyclones 
have l a r g e r  i n l e t  openings and l a r g e r  g a s  e x i t s .  F igure  C-4 i l l u s t r a t e s  t h e  
geometr ica l  r e l a t i o n s h i p s  f o r  t hese  types  o f  cyclones.  P res su re  drop through 
t h e  low e f f i e i c n c y  u n i t s  i s  t y p i c a l l y  i n  t h e  range of  0.5 t o  2 in .  of  water ,  
whereas t h e  h igh  e f f i c i e n c y  u n i t  o p e r a t e s  w i t h  3 t o  5 in.  p r e s s u r e  drop. 
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Figure C-4 - Cyclone d u s t  c o l l e c t o r s .  
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The low t o  medium e f f i c i e n c y  cyclones a r e  supp l i ed  by a v a r i e t y  of  
dors ,  ranging  from s h e e t  me ta l  f a b r i c a t o r s  t o  e s t a b l i s h e d  a i r  p o l l u t i o n  
t r o l  eauipment manufacturers .  Because of  t h e i r  low c o s t  and maintenance 

ven- 
con- 
r e -  . .  

quirements,  they have been used e x t e n s i v e l y  t o  c o n t r o l  g r a i n  r ece iv ing  and 
shipping o p e r a t i o n s ,  a s  we l l  a s  a v a r i e t y  o f  g r a i n  process ing  emission 
sources .  C o l l e c t i o n  e f f i c i e n c y  f o r  a p r o p e r l y  ope ra t ed  and designed u n i t  
c o l l e c t i n g  g r a i n  d u s t  may reach 95%. For u n i t s  which a r e  n o t  p rope r ly  main- 
t a ined  (e.g., d u s t  accumulations on t h e  w a l l s ,  a i r  i n f i l t r a t i o n  through the  
d u s t  d i s c h a r g e ) ,  t h e  e f f i c i e n c y  w i l l  dec rease  dramat ica l ly .  V i s i b l e  emissions 
can be  q u i t e  n o t i c e a b l e  even f o r  t h e  b e s t  o p e r a t i n g  u n i t s .  . 

C o l l e c t i o n  e f f i c i e n c i e s  of high e f f i c i e n c y  cyclones used on pneumatic 
conveying systems € o r  g r a i n ,  feed  i n g r e d i e n t s ,  and m i l l e d  g r a i n  of  about  
99% have been repor ted .  With the  except ion  of  f l o u r  m i l l  systems, t h e  u n i t  
can normally o p e r a t e  w i t h  minimum v i s i b l e  emissions;  however, s i g n i f i c a n t  
v i s i b l e  emissions can  occur  i f  a dus ty  load  of g r a i n  i s  received.  

F igure  C - 5  shows t h e  t y p i c a l  c o l l e c t i o n  e f f i c i e n c y  f o r  both t h e  h igh  
throughput and h igh  e f f i c i e n c y  cyclones f o r  va r ious  p a r t i c l e  diameters.  S ince  
both types  of  dev ices  a r e  i n e f f i c i e n t  f o r  sma l l  p a r t i c l e  c o l l e c t i o n ,  and 
i t  i s  t h e  s m a l l e r  p a r t i c l e s  which scatter l i g h t  most e f f e c t i v e l y ,  i t  i s  
apparent  t h a t  even t h e  most e f f i c i e n t  cyc lone  w i l l  o p e r a t e  with some v i s i b l e  
emission i f  t h e  incoming g r a i n  has  a s i g n i f i c a n t  amount of  f i n e  d u s t  o r  t h e  
emission i s  from a p rocess  which has  emissions with a smal l  mass mean diameter.  

A m o d i f i c a t i o n  o f  t h e  convent ional  h igh  e f f i c i e n c y  cyclone,  shown i n  
F igure  C - 6  r e c y c l e s  approximately 60% of  t h e  d ischarge  a i r  s t ream back i n t o  
t h e  c o l l e c t o r  through a h igh  energy blower i n  such a manner t o  induce a s w i r l -  
ing  motion around t h e  wal l .  The i n t r o d u c t i o n  o f  this r e c y c l e  s t ream through 
t h e  h igh  energy j e t s  i n c r e a s e s  t h e  u n i t ' s  c o l l e c t i o n  e f f i c i e n c y  and forms 
an a i r  b l a n k e t  around t h e  i n s i d e  wa l l  which enables  t h e  u n i t  t o  handle  h ighe r  
mois ture  c o n t e n t  streams. 

Th i s  u n i t ,  t h e  Aerodyne Type S c o l l e c t o r ,  has opera ted  s a t i s f a c t o r i i y  
on s e v e r a l  t ypes  o f  p rocess  dryers .  I t  has  a l s o  been used t o  a l i m i t e d  e x t e n t  
on g r a i n  r ece iv ing  ope ra t ions  where i t s  e f f i c i e n c y  has  been es t imated  t o  
be  about  99%. However, a s  w i t h  o t h e r  i n e r t i a l  c o l l e c t o r s ,  t h e  u n i t  does n o t  
e l i m i n a t e  v i s i b l e  emissions r e s u l t i n g  from handl ing  g r a i n  wi th  a high per -  
cen tage  of f i e l d  d i r t .  

Fab r i c  f i l t e r s - - F a b r i c  f i l t e r s  have been used t o  c o n t r o l  e s s e n t i a l l y  
every k ind  of  emission source  involv ing  g r a i n  handl ing  a s  wel l  a s  s e v e r a l  
g r a i n  p rocess ing  emission sources. The on ly  g r a i n  i n d u s t r y  sources  where 
they  a r e  n o t  used i s  where the e f f l u e n t  has  a h igh  moi s tu re  con ten t  and where 
t h e r e  i s  a chance of  contaminat ing t h e  recovered product  (e.g., pneumatic 
system which conveys many d i f f e r e n t  types  of  feed  i n g r e d i e n t s ) .  I n d u s t r y  
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Figure C-5 - Typical  c o l l e c t i o n  e f f i c i e n c y  cu rves  f o r  h igh  
' throughput and h igh  e f f i c i e n c y  cyclones.  
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Figure C-6 - Xec i rcu la t ing  c y c l o n i c  c o l l e c t o r .  
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souces i n d i c a t e  t h a t  o p e r a t i o n a l  problems have occurred with f a b r i c  f i l t e r  
systems i n s t a l l e d  on r ece iv ing  p i t s  when w e t  co rn  i s  unloaded. Bl inding of 
t h e  f a b r i c  occurs  because o f  the mois ture  con ten t  of t h e  dus t .  

A number of p a r t i c l e  c o l l e c t i o n  mechanisms cause  d u s t  c o l l e c t i o n  i n  
a f a b r i c  f i l t e r  system. These mechanisms inc lude  i n t e r c e p t i o n ,  impingement, 
d i f f u s i o n ,  and t o  some e x t e n t  e l e c t r o s t a t i c  forces .  These f o r c e s  and t h e i r  
e f f e c t  on p a r t i c l e  c o l l e c t i o n  have been t h e  s u b j e c t  of  cons ide rab le  study. 
Theore t i ca l  equat ions  have been developed t o  p r e d i c t  t h e  p r e s s u r e  drop ac ross  
t h e  f i l t e r  and t h e  f i l t e r  cake b u t  they too  a r e  n o t  adequate  f o r  use  i n  design-  
ing  systems. Thus, t h e  des ign  of  f a b r i c  f i l t e r  systems depends l a r g e l y  upon 
t h e  exper ience  gained from p rev ious  i n s t a l l a t i o n s  and obse rva t ions  of  e x i s t -  
ing systems. 

Fabr i c  f i l t e r i n g  systems can be c l a s s i f i e d  i n  two ways. F i r s t  i s  t h e  
shape of  t h e  f i l t e r i n g  su r face ,  e i t h e r  t u b u l a r  o r  envelope. The second c l a s -  
s i f i c a t i o n  method i s  by type o f  bag c l ean ing  mechanism, e i t h e r  mechanical 
o r  r eve r se  a i r  flow. F igu re  C-7  i l l u s t r a t e s  these b a s i c  shapes and t h e  p o s s i -  
b l e  c o n f i g u r a t i o n s  o f  a i r  f low through t h e  f i l t e r .  

Depending on arrangement, d u s t  may be c o l l e c t e d  e i t h e r  i n s i d e  t h e  bag 
o r  ou ts ide .  In t h e  l a t t e r  case ,  some type  of frame r e t a i n e r  i s  r equ i r ed  t o  
hold  t h e  bag i n  shape. Another c l a s s i f i c a t i o n  o f t e n  used i s  "low-ratio ' '  VS. 

' h i g h - r a t i o , "  r e f e r r i n g  t o  t h e  cubic  f e e t  p e r  minute of  a i r  p e r  square  foo t  
of media. Low r a t i o  f i l t e r s  a r e  g e n e r a l l y  c h a r a c t e r i z e d  by a s imple c leaning  
mechanism t h a t  does n o t  remove a l l  t h e  d u s t  from t h e  bags, b u t  excess ive  
a i r  f low r e s i s t a n c e  i s  prevented  by us ing  a l a r g e  number of bags t h a t  main ta in  
v e l o c i t y  through t h e  media less than  approximately 3 f t /min.  Low r a t i o  f i l t e r s  
normally u s e  woven c l o t h  media and r e l y  on t h e  l a y e r  of  d u s t  ( r e f e r r e d  t o  
a s  "dust  cake") t o  reduce t h e  l o s s  of  f i n e  d u s t  p a r t i c l e s  through t h e  small  
openings between the threads .  On t h e  o t h e r  hand, high r a t i o  f i l t e r s  use more 
e f f e c t i v e  systems f o r  c l ean ing  pe rmi t t i ng  t h e  use  of f e l t e d  media i n  which 
t h e  l a y e r s  of  f i b e r s  ove r l ay  each o the r ,  s o  t h e  passage of most f i n e  p a r t i c l e s  
i s  prevented wi thout  t h e  d u s t  cake. A r educ t ion  i n  t h e  th i ckness  of the 
d u s t  cake pe rmi t s  h i g h e r  v e l o c i t y  a i r  f low through the  media wi thout  excess ive  
r e s i s t a n c e ,  u s u a l l y  i n  a range between 6-20 f t / m i n  ( t y p i c a l l y  around 10 f t /min  
f o r  g r a i n  dus t ) .  

Most new f i l t e r s  a r e  us ing  some method of flow r e v e r s a l  f o r  c l ean ing  
s i n c e  shaker  c l ean ing  mechanisms n e c e s s i t a t e  t h e  u s e  of lower a i r - t o - c l o t h  
r a t i o s  and have h i g h e r  maintenance cos t s .  A i r  f low r e v e r s a l  methods inc lude  
fo rc ing  t h e  d u s t  cake o f f  of t h e  f a b r i c  w i th  back pressure ;  c o l l a p s i n g  t h e  
c l o t h  with a s s o c i a t e d  f l e x u r e  and cracking  of t h e  d u s t  cake; snapping t h e  
cake o f f  with a p u l s e  of  compressed a i r ;  and blowing i t  o f f  with an a i r  j e t  
which t r a v e r s e s  t h e  o u t s i d e  s u r f a c e  of  t h e  c lo th .  One common system uses  
a blower t o  p rov ide  t h e  r e v e r s e  a i r  f o r  c l e a n i n g  one bank of  f i l t e r  tubes  
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a t  a time. This  device  i s  sometimes augmented by t h e  compressed a i r  shock 
as  mentioned above, b u t  i n  s e v e r a l  i n s t a l l a t i o n s  t h i s  c l ean ing  method has  
led  t o  f a b r i c  b l ind ing  because of  moi s tu re  i n  t h e  compressed a i r  supply.  

The a i r - t o - c l o t h  r a t i o ,  sometimes r e f e r r e d  t o  a s  f i l t e r  r a t e ,  i s  one 
of  t h e  key des ign  parameters  f o r  f a b r i c  f i l t e r s .  The r a t i o s  a r e  cus tomar i ly  
s e l e c t e d  on t h e  b a s i s  of  p a s t  exper ience  and cons ide ra t ion  of  t h e  n a t u r e  
of t h e  ope ra t ion  and t h e  geographica l  l oca t ion .  For example, h igh  r a t i o s  
can be used on g r a i n  handl ing  sources  because of t h e  i n t e r m i t t e n t  n a t u r e  
of t h e  ope ra t ion ,  whereas i n  cont inuous g r a i n  m i l l i n g  ope ra t ions ,  lower r a t i o s  
a r e  normally s p e c i f i e d .  I n  humid a reas ,  such a s  t h e  Gulf Coast,  lower r a t i o s  
a r e  used because of  t h e  inc reased  p o s s i b i l i t y  of  f a b r i c  b l ind ing .  

Cotton sa t een ,  wool f e l t ,  and dacron f e l t  have a l l  been used a s  f i l t e r  
f a b r i c s  f o r  g r a i n  i n d u s t r y  emission sources .  However, dacron f e l t  i s  t h e  
f a b r i c  now recomnended by e s s e n t i a l l y  a l l  o f  t h e  f i l t e r  manufacturers  f o r  
these  sources .  Fab r i c  weights  between 16 and 2 2  o d y d  
f i e d  wi th  t h e  heav ie r  weights recommended t o  minimize d u s t  b l eed  through. 

2 a r e  t y p i c a l l y  spec i -  

Fabr i c  f i l t e r s ,  when p rope r ly  designed and operated,  o p e r a t e  r e l a t i v e l y  
t roub le - f r ee  with e f f i c i e n c i e s  i n  excess  of 99.9% and with no v i s i b l e  emission. 

GENERAL BAGHOUSE OPERATION AND MAINTENANCE PRACTICES 

Problems w i t h  bag blending,  bui ldup of  d u s t  i n  t h e  hopper, and bag t e a r s  
a r e  o f t e n  t h e  r e s u l t  of  improper s t a r t u p  procedures.  This  i s  expec ia l ly  t r u e  
f o r  i n t e r m i t t e n t  o p e r a t i o n s  such a s  those  found i n  g r a i n  e l eva to r s .  

A t  t h e  f i r s t  s t a r t u p  of  t h e  system, and a l s o  whenever new bags have 
been i n s t a l l e d  by t h e  maintenance crew, t h e  bags should be checked a f t e r  
a few hours  of ope ra t ion  f o r  t ens ion ,  l eaks ,  and expected p r e s s u r e  d i f f e r e n -  
t i a l .  I n i t i a l  temperature  changes o r  the c l ean ing  c y c l e  can p u l l  loose  or 
b u r s t  a bag. It i s  wise t o  r eco rd  a t  l e a s t  t h e  b a s i c  ins t rument  readings  
during t h i s  i n i t i a l  s t a r t u p  with new bags f o r  ready  r e fe rence  and comparison 
during l a t e r  s t a r t u p s .  

During any s t a r t u p ,  t r a n s i e n t s  i n  the d u s t  genera t ing  p rocess  and surges  
t o  t h e  f i l t e r  house a r e  probable  and ought  t o  be an t i c ipa t ed .  Unexpected 
temperature,  p re s su re ,  o r  mo i s tu re  may badly  damage a new i n s t a l l a t i o n .  I n  
p a r t i c u l a r ,  running almost  any indoor  a i r  o r  combustion gases  i n t o  a co ld  
f i l t e r  can cause  condensat ion on t h e  w a l l s  and c l o t h ,  l ead ing  t o  b l ind ing  
and cor ros ion .  Condensation i n  t h e  f i l t e r h o u s e  may void t h e  manufac turer ' s  
guarantee.  It can  be  prevented by p rehea t ing  t h e  f i l t e r  o r  t h e  gas. 

97 



A t y p i c a l  sequenced s t a r t u p  procedure f o r  a l a r g e  cont inuous,  automatic ,  
mul t icomparment  f a b r i c  f i l t e r  using e i t h e r  r e v e r s e  a i r ,  shake, o r  combination 
c l ean ing  i s  summarized a s  f o l l o w s z /  

1. Check t o  s e e  t h a t  a l l  system moni tor ing  ins t ruments  a r e  reading  
zero;  e s p e c i a l l y  f a n  motor armneters and compartment p r e s s u r e  manometers. 

2 .  Close a l l  system dampers except  tempering a i r  damper ( i f  used).  
This  i n c l u d e s  main compartment i s o l a t i o n  dampers, r e v e r s e  a i r  dampers ( i f  
used) ,  and f an  modulat ion dampers. 

I 
I 

3 .  S t a r t  m a t e r i a l  handl ing system inc lud ing  any motorized a i r l o c k  devices  
and screw conveyors. Hoppers should be empty on s t a r t u p .  

4. Sequen t i a l ly  s t a r t  m a i n  fans ,  a l lowing  each t o  come t o  speed before  
s t a r t i n g  n e x t  fan. 

5. S t a r t  s e p a r a t e  r e v e r s e  a i r  f a n  i f  used and a l low t o  come to  speed. 

6. 

7 .  Engage tempering a i r  damper c i r c u i t  ( i f  used) .  

8. Slowly open main-compartment i s o l a t i o n  dampers. I f  dampers a r e  opened 

Engage f a n  modulating damper c i r c u i t ( s ) .  

too quick ly ,  bags w i l l  pop open, u l t i m a t e l y  r e s u l t i n g  i n  f a i l u r e .  

9. Engage compartment c leaning  r e c i r c u i t .  , 

10. Check normalcy of  readings  on system monitor ing ins t ruments ,  espec i -  
a l l y  f a n  motor ammeters and compartment p r e s s u r e  manometers. 

Improper shutdown procedures  can a l s o  cause  bag b l ind ing  o r  d u s t  bu i ld -  
up i n  che hopper. A t y p i c a i  shutliojwll prucedeze i s  seELai-izid as f s ~ ~ c m : Z '  

1. Af t e r  p rocess  has  been s topped and is no longer  evolving emissions 
a l low baghouse t o  t r a c k  through one complete c l ean ing  cyc le ;  t h i s  w i l l  purge 
system o f  p rocess  g a s  and c o l l e c t e d  dus t .  

2.  Stop main fans.  

3. Stop s e p a r a t e  r e v e r s e  a i r  fan ,  i f  used. 

4. Allow m a t e r i a l  removal system t o  o p e r a t e  f o r  1 h r  o r  u n t i l  system 
i s  purged of  c o l l e c t e d  m a t e r i a l .  
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Proper  use  o f  shutdown procedures  i s  e s p e c i a l l y  important  i n  g r a i n  e l e -  
v a t o r s ,  as  improper bag c leaning  be fo re  shutdown may r e s u l t  i n  b l ind ing .  

General  maintenance procedures  f o r  f a b r i c  f i l t e r s  t h a t  can be app l i ed  
t o  g r a i n  e l e v a t o r s  a r e  descr ibed  below. Table  C-2  p r e s e n t s  a c h e c k l i s t  of 
items t h a t  r e q u i r e  r e g u l a r  inspec t ion .  

P l a n t  personnel  must l e a r n  t o  recognize  t h e  symptoms t h a t  i n d i c a t e  poten- 
t i a l  problems i n  t h e  f a b r i c  f i l t e r ,  determine t h e  cause of t h e  problem and 
remedy it, e i t h e r  by i n - p l a n t  a c t i o n  o r  by c o n t a c t  wi th  the manufacturer  
o r  o t h e r  o u t s i d e  resource.  

High p r e s s u r e  drop a c r o s s  the s y s t e m  is a symptom f o r  which t h e r e  could 
be many causes ,  e.g., d i f f i c u l t i e s  w i t h  the bag c leaning  mechanism, low com- 
p r e s s e d - a i r  p re s su re ,  weak shaking a c t i o n ,  loose  bag-tension,  o r  excess ive  
reentrainment  of  dus t .  Many o t h e r  f a c t o r s  can cause excess ive  p r e s s u r e  drop,  
and s e v e r a l  o p t i o n s  a r e  u s u a l l y  a v a i l a b l e  f o r  c o r r e c t i v e  a c t i o n  a p p r o p r i a t e  
t o  each cause. Thus, t h e  a b i l i t y  t o  l o c a t e  and c o r r e c t  malfunct ioning baghouse 
components i s  impor tan t  and r e q u i r e s  a thorough understanding of t h e  system. 

99 



2 7 1  TABLE C - 2 .  CHECKLIST FOR ROUTINE INSPECTION OF BAGHOUSF 

Check for: a/ Componenr 

Shaker mechanism(s) 

Bags 

Magnehelic gauge or manometer 

Dust removal system 

Baghouse structure (housing, hopper) 

Ductwork 

Solenoids, pulsing valves (RF') 

c""p'""'"d air syet%% (??, PO! 

Fans 

Damper valves ( S ,  PP, RF) 

Doors 

Baffle plate 

Proper operation without binding; loose 
or worn bearings, mountings, drive com- 
ponents; proper lubrication 

Worn, abraded, damaged bags; condensa- 
tion on bags; improper bag tension ( S )  
(RF); loose, damaged, or improper bag 
connections 

Steadiness of pressure drop (should be 
read daily) 

Worn bearings, loose mountings, deformed 
parts, worn or loose drive mechanism, 
proper lubrication 

Loose bolts, cracks in welds; cracked, 
chipped, or worn paint; corrosion 

Corrosion, holes, external damage, loose 
bolts, cracked welds, dust buildup 

Proper operation (audible compressed air 
blast) 

Proper mounting, proper lubrication of 
compressor; leaks in headers, piping 

Proper operation and synchronization; 
leaking cylinders, bad air connections, 
proper lubrication, damaged seals 

Worn, loose, damaged, or missing seals; 
proper tight closing 

Abrasion, excessive wear 

- a/ RP-reverse pulse; PP-plenum pulse; S-shaker; RF-reverse flow. 
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APPENDIX D 

SUMMARY OF STATE REGULATIONS 
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Table D-1 summarizes s t a t e  r e g u l a t i o n s  a p p l i c a b l e  t o  g r a i n  e l e v a t o r s .  
These r e g u l a t i o n s  are c l a s s i f i e d  as one of the fo l lowing  f i v e  forms: (a )  
opac i ty  o r  v i s i b l e  emiss ions ;  (b) process  weight ;  (c )  a l lowable  concentra-  
t i o n  of  p a r t i c u l a t e ;  (d)  type o r  level  of e f f e c t i v e n e s s  c o n t r o l  equipment 
c r i t e r i a ;  and ( e )  f u g i t i v e  d u s t  nuisance r e g u l a t i o n s .  

T a b l e  D-2 p r e s e n t s  a summary of t h e  r e s u l t s  of  te lephone  c o n t a c t s  with 
s t a t e  and l o c a l  agenc ie s .  It i d e n t i f i e s  t h e  r e g u l a t i o n s  a c t u a l l y  enforced and 
desc r ibes  enforcement p r a c t i c e s .  
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I N I T I A L  DEVELOPMENT OF MONITORING AND ENFORCEMENT PROGRAM 

If agencies a r e  t o  make most e f f i c i e n t  use i f  enforcement resources ,  
i t  i s  not  reasonbale t o  apply equal monitoring e f f o r t  to small  country ele-  
v a t o r s  which may handle a s  l i t t l e  a s  25,000 bushels  of g r a i n  per  year and 
l a rge  terminal  e l eva to r s  which handle tens  of mi l l i ons  of bushels. Thus, 
the  i n i t i a l  s t ep  i n  developing the  compliance monitoring s t r a t e g y  was t h e  
i d e n t i f i c a t i o n  of  c r i t e r i a  which can be used to  determine t h e  e f f o r t  t o  be 
expended i n  monitoring a p a r t i c u l a r  e leva tor .  The primary cons idera t ion  was 
t h a t  the  c r i t e r i a  used should r e f l e c t  t h e  impact o f  the e l eva to r  on a i r  qual- 
i t y .  It was assumed t h a t  this impact was d i r e c t l y  r e l a t e d  t o  t h e  l e v e l  of 
emissions from t h e  e leva tor .  

Cha rac t e r i s t i c s  of a g r a i n  e leva tor  which e f f e c t  the quant i ty  of emis- 
s ions  from t h a t  e l eva to r  include t h e  amount of g r a i n  handled, types and ex ten t  
of opera t ions  (e.g., boxcar unloading versus hopper c a r  unloading),  types 
of  g r a i n  handled, g r a i n  handling p rac t i ces ,  ex t en t  of app l i ca t ion  of con t ro l  
equipment, type of con t ro l  equipment, and con t ro l  equipment operat ion and 
maintenance p rac t i ces .  After  examining these  c h a r a c t e r i s t i c s ,  it was de te r -  
mined t h a t  f o r  most of these  parameters, general  industry da t a  were e i t h e r :  
( a )  i n s u f f i c i e n t  t o  quant i fy  the  e f f e c t  of d i f f e rences  on emissions; o r  (b) 
i n s u f f i c i e n t  to  i d e n t i f y  an e l eva to r  i n  a d i s c r e t e  c l a s s  w i t h  respec t  to a 
parameter. It was then decided t h a t  t h e  genera l  monitoring scheme would be 
developed by using only t h e  amount of g r a i n  handled (throughput) as  t h e  
c r i t e r i a  by which t h e  e l eva to r  a i r  qua l i t y  impact i s  determined. 

The above a n a l y s i s  does not imply t h a t  s t a t e  and loca l  agencies applying 
the  monitoring s t r a t e g y  should d is regard  t h e  o t h e r  parameters. I n  f a c t ,  i f  
da t a  on t h e  e l eva to r  populat ion i n  a j u r i s d i c t i o n  a re  s u f f i c i e n t  to  determine 
emissions d i f fe rences .based  on o the r  parameters, inc lus ion  of these  i n  a 
modified s t r a t e g y  w i l l  improve t h e  e f fec t iveness  of t h e  s t r a t egy .  

Two f a c t o r s  a f f ec t ed  the  dec is ion  t o  base t h e  c l a s s i f i c a t i o n  system on 
e l eva to r  throughput. F i r s t ,  throughput i s  a parameter t h a t  can be obtained 
and documented r e l a t i v e l y  eas i ly .  A l l  e l eva to r s  keep records of g r a i n  bought 
and so ld  and such information can be requested by an agency a s  a s tandard 
procedure. Second, throughput i s  a good i n d i c a t o r  of the  p o t e n t i a l  emissions 
from an e l eva to r  i n  t h e  absence of cont ro ls .  While we a re  aware t h a t  most 
l a r g e r  e l eva to r s  have some type of cont ro l ,  throughput i s  an ind ica to r  of 
t h e  r e l a t i v e  impact o f  e leva tor ,  should a con t ro l  device malfunction. 

Using the  emissions da ta  presented i n  Sec t ion  4 ,  s i z e  ranges were developed 
f o r  th ree  c l a s s e s  of e l eva to r s  based on t h e  l e v e l  o f  p o t e n t i a l  uncontrol led 
emissions: Class A - e leva to r s  t h a t  never exceed 100 tons/year ;  Class B - 
e leva to r s  t h a t  may o r  may not  exceed 100 tons/year  depending on the type of 
g r a i n  handled and opera t ing  p rac t i ces ;  and Class C - e leva to r s  whose uncon- 
t r o l l e d  emissions d e f i n i t e l y  exceed 100 tons/year .  After conversat ion w i t h  
the  p r o j e c t  o f f i c e r ,  a four th  c l a s s ,  Class D ,  was added t o  the  scheme to  
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separa te  the  l a rge  country and subterminal e l eva to r s  from the  la rge  terminal 
e leva tors .  This l a t t e r  c l a s s  was developed because such e l eva to r s  a re  genera l ly  
located in urban areas ,  and hence the emissions have g r e a t e r  p o t e n t i a l  f o r  
impact on human hea l th  and welfare. The var ious c l a s ses  of e l eva to r s ,  h e r e a f t e r  
c a l l e d  seve r i ty  c l a s ses ,  a r e  shown i n  Table E-'1. 

TABLE E-1. CLASSIFICATION OF ELEVATORS BASED ON SEVERITY OF EMISSIONS 

Process throughput 
BulYr Sever i ty  c l a s s  

c 3 . 5  x 106 A 

21.5 x 106 b u t  5 2 x 10 6 B 

C 6 > 2  x l o 6  but  S 8 x 10 

> 8  x 106 D 

Table E-2 p resents  a tes t -mat r ix  of the  three- level  inspect ion s t r a t e g y .  
Several  rev is ions  were made to  the inspec t ion  procedure o r i g i n a l l y  developed. 
'Ihe proposed monitoring s t r a t egy  i s  not t i e d  to  any s p e c i f i c  SIP'S. Con- 
sequently when applying the s t r a t e g y  t o  c e r t a i n  state and l o c a l  a i r  pollu- 
t i o n  con t ro l  agency enforcement programs, modification of  the present  SIP 
regula t ions /s tandards  o r  modif icat ion of the s t r a t e g y  may be required.  

Based on the three- leve l  inspec t ion  s t r a t e g y ,  a complete monitoring 
and enforcement program was developed f o r  use by the  s t a t e  and l o c a l  agencies 
on a rou t ine  b a s i s .  The s t r a t egy  would inc lude  systematic  Level I ,  Level 11, 
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and Level 111 inspec t ions  and issuance o f  no t i ce  of v io l a t ions  and warnings 
f o r  compliance. The procedure i s  based on Severi ty  Classes A, B, C ,  and D 
as  well  a s  t h e  loca t ion  o f  the e l eva to r s ,  viz. ,  at tainment a rea  VS. non- 
attainment area. Figu_re E-1 p re sen t s  t h e  complete monitoring scheme. 

FIELD EVALUATION 

After t h e  compliance monitoring s t r a t e g y  described above was developed, 
the  U.S. EPA i s sued  a second t a sk  t o  MRI to  conduct a f i e l d  ana lys i s  of 
the s t ra tegy .  The o v e r a l l  ob jec t ives  of t h i s  task  were as  follows': ( a )  t o  
a s s i s t  Region VI1 i n  conducting SIP  overview inspect ions of a se lec ted  num- 
ber  (30 gra in  e l eva to r s  i n  Nebraska; and (b)  to  use t h e  co l l ec t ed  da ta  i n  
comparing t h e  present  inspec t ion  procedure with the  monitoring scheme de- 
veloped e a r l i e r .  

The methodology f o r  meeting the  above t w o  goals  cons is ted  of four d i s -  
c r e t e  a c t i v i t i e s  which a re  l i s t e d  below: 

1. 

2 .  Inspec t ion  of  e leva tors .  

3. Prepara t ion  and submission of su rve i l l ance  repor t s  to  Region VII. 

4 .  Data a n a l y s i s  t o  compare monitoring S t ra teg ies .  

The subsect ions below descr ibe the f i r s t  two a c t i v i t i e s .  

Data review and ca tegor iza t ion  of e leva tors .  

_... 

Data Review and Categorizat ion of Elevators  

I n i t i a l  a c t i v i t y  focused on s e l e c t i n g  the  e leva tors  to  be used as in- 
spect ion s i t e s  i n  the.  eyaluat ion of the monitoring s t ra tegy .  It was de te r -  
mined t h a t  a t o t a l  o f  30 e l eva to r s  (10 Class  A, 10 Class B, f i v e  Class c, 
and f i v e  Class D) would be inspected using Level I and Level I1 procedures. 
Eight (8) of these  e l eva to r s  ( fou r  Class C and four Class D) would a l so  be 
inspected using Level 111 procedures. 

It was decided t h a t  the  inspect ions would focus on the  a reas  surrounding 
Lincoln, Omaha, and Grand Is land ,  Nebraska. This allowed the  mst expedi t ious 
use of resources and encompassed a s u f f i c i e n t  d i v e r s i t y  of e l eva to r s  to  pro- 
vide a representa t ive  sample. Records provided by t h e  Nebraska Air Po l lu t ion  
Control Agency, showed a t o t a l  of 7 3  e leva to r s  were i n  these  areas.  The num- 
ber of e l eva to r s  i n  each source seve r i ty  c l a s s  i s  shown below. Other informa- 
t i o n  such as  e l eva to r  loca t ion ,  the  p l a n t  contac t ,  s torage  capaci ty ,  and 
a c c e s s i b i l i t y  a r e  presented i n  Appendix G .  
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Figure E-1 - Compliance monitoring scheme for grain elevators. 
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Class  o f  Elevator* Number of  E leva to r s  

A 
B 
C 
D 

24 
25 
17 

7 
To ta l  73 

- 

$: This  c l a s s i f i c a t i o n  scheme i s  based on throughput ;  C las s  A denotes  a through- 
put o f  < 0.5 x 10 6 Bu/year, Class B denotes  a throughput i n  t h e  range of  

6 2 0.5 x lo6 t o  < 2 x 106 Bu/year, C la s s  C between 
Bu/year, C la s s  D >8 x lo6  Bu/year. 

> 2 x 106 and 2 8 x 10 

Out of t h e s e  73 e l e v a t o r s ,  a t o t a l  of  30 w i t h  a s e v e r i t y  c l a s s  d i s t r i -  
bu t ion  a s  descr ibed  above were chosen randomly f o r  inspec t ion .  

In spec t ion  of E leva to r s  

The pr imary o b j e c t i v e  of  t h i s  phase of the program was t o  develop and 
c a r r y  o u t  a f i e l d  s tudy  t h a t  would p rov ide  d a t a  f o r  a n a l y s i s  of the inspec-  
t i o n  monitor ing scheme descr ibed  above. 
d e t a i l e d  d e s c r i p t i o n  o f  t h e  f i e l d  s tudy  t o  provide  a sound b a s i s  f o r  uie 
a n a l y s i s  o f  t h e  r e s u l t s  and d i scuss ions  of  improvements f o r  f u t u r e  programs 
of a s i m i l a r  na ture .  The d i scuss ions  a r e  d iv ided  i n t o  the f o l l o w i n g . t o p i c s :  

This s e c t i o n  w i l l  provide a 

. 

. Development of t h e  f i e l d  sampling pro tocol  

Development of  t h e  i n s p e c t i o n  p ro toco l  f o r  Levels I, 11, and 111 

. Desc r ip t ion  o f  t h e  i n i t i a l  group of f i e l d  in spec t ions  

Revision of  i n s p e c t i o n  and f i e l d  tes t  p ro toco l s  

Desc r ip t ion  of  t h e  second group of  f i e l d  in spec t ions  

. 

. 
Development of Inspec t ion  Protocol--  

A s  descr ibed  above, t h r e e  levels o f  i n s p e c t i o n  (Level I ,  Level 11,' 
and Level 111) were proposed a s  a p a r t  o f  t h e  monitoring s t r a t e g y .  The 
b a s i c  premise o f  t h e  levels of i n s p e c t i o n  concept is t h a t  a s  the l e v e l  i s  
increased  t h e  more d e t a i l e d  in spec t ion  w i l l  r e s u l t  i n  a h igher  p r o b a b i l i t y  
of i d e n t i f i c a t i o n  of  noncompliance. A s  a c o r o l l a r y ,  however, increased  
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expendi ture  r e s u l t s  from inc reased  l e v e l s  o f  i n s p e c t i o n  and t h e r e  i s  an 
obvious c o s t  c o s t  a s s o c i a t e d  with t h e  inc reased  p r o b a b i l i t y  of compliance. 
Based on this premise,  t h e  fol lowing i n s p e c t i o n  p ro toco l  was developed. 

The pr imary c o n s i d e r a t i o n  i n  t h e  des ign  of Level I i n s p e c t i o n s  was t o  
minimize i n s p e c t i o n  t ime whi le  ob ta in ing  a r easonab le  i n d i c a t i o n  of  compliance 
s t a t u s .  Th i s  was b e s t  accomplished by minimizing c o n t a c t  w i t h  e l e v a t o r  opera- 
t o r s  and us ing  on ly  v i s i b l e  emissions t o  e v a l u a t e  compliance. An i n s p e c t i o n  
form was then developed a s  shown i n  F igure  E-2. I t  i s  assumed t h a t  i n  most 
c a s e s  t h e  i n s p e c t o r  w i l l  conduct t h e  i n s p e c t i o n  from t h e  c a r  o r  by walking 
around t h e  p l a n t .  It i s  n o t  necessary  t o  c o n t a c t  t h e  p l a n t  o p e r a t o r  u n l e s s  
the i n s p e c t o r  e n t e r s  t h e  p l a n t  boundary. 

The o b j e c t i v e  of t h e  Level I1 i n s p e c t i o n  format was t o  ga in  a s  r e l i a b l e  
an i n d i c a t i o n  a s  p o s s i b l e  o f  t h e  compliance s t a t u s  of  t h e  e l e v a t o r  wi thout  
e l a b o r a t e  sampling of  the emissions stream o r  t e s t i n g  of c o n t r o l  equipment. 
The Level I1 format was designed t o  i n c l u d e  t h e  same v i s i b l e  emissions obser-  
v a t i o n s  as t h e  ones taken during Level I inspec t ions .  I n  a d d i t i o n ,  t h e  format 
inc luded  a v i s u a l  obse rva t ion  of  c o n t r o l  equipment t o  a s c e r t a i n  t h a t  a i r  
locks  and c l ean ing  mechanisms were o p e r a t i o n a l  and t o  r eco rd  readings  on 
permanently mounted ins t rumenta t ion .  F i n a l l y ,  on c o n t r o l l e d  ope ra t ions  the 
format was designed t o  o b t a i n  d a t a  items such a s  hood v e l o c i t i e s  and housekeep- 
ing  o p e r a t i o n s  which might i n d i c a t e  c a p t u r e  e f f i c i e n c y  of  t h e  system. It 
was a n t i c i p a t e d  t h a t  t h e s e  d a t a  might a l low t h e  de te rmina t ion  of t h e  compliance 
s t a t u s  with r e s p e c t  t o  t h e  p rocess  weight  r egu la t ion .  The Level I1 i n s p e c t i o n  
s h e e t  i s  shown i n  F igu re  E-3. 

The Level I11 i n s p e c t i o n  procedure was developed by PEDCo Environmental 
Inc., under s e p a r a t e  c o n t r a c t  to  the U.S. EPA. This  procedure inc luded  a l l  
obse rva t ions  taken a s  a p a r t  of  Level 11. In add i t ion ,  t h e  procedure inc luded  
an i n t e r n a l  i n s p e c t i o n  o f  t h e  f a b r i c  f i l t e r ,  measurement of  system s t a t i c  
p re s su res  us ing  p o r t a b l e  ins t ruments ,  measurement of fan power t s a g e ,  measure- 
ment. of  f a n  r o t a t i o n  speeds: and measurement of a i r  v e l o c i t i e s  i n  d u c t s  (where 
p i t o t  tube  p o r t s  exist) .-  2 8 r  

I t  was a n t i c i p a t e d  t h a t  t h e  Level I11 i n s p e c t i o n  would p rov ide  an in-  
d i c a t i o n  o f  t h e  e f f e c t i v e n e s s  of t h e  c o n t r o l  equipment and might even i d e n t i f y  
p o t e n t i a l  problems and p reven t  l a t e r  malfunct ions.  

Four b a s i c  assumptions a r e  inhe ren t  t o  the .concept  of  i n s p e c t i o n  l e v e l s  
and t o  development of  t h e  t h r e e  l e v e l s  desc r ibed  above. A c l e a r  understanding 
o f  t h e s e  assumptions i s  a p r e r e q u i s i t e  t o  a thorough a n a l y s i s  of t h e  monitor ing 
s t r a t e g y .  

118 

I 
P 
I 
I 
1 
PI 
I 
I 
1 
f 
I 
I 
I 
1 
I 
I 
I 
I 
I 



1 
I 
I 
I 
c 
I 
I 
IJ 
I 
'I 
1 
1 
1 
1 
t 
I 
I 
I1 
f 

Figure E-2 

LEVEL I INSPECTION SHEET 

Time i n :  
Time ou t :  

Date: In spec to r :  
Elevator  Name: 

Address : 

Contact ( i f  need t o  e n t e r  proper ty  line):- 
Storage Capaci ty(from Level 11) : Throughput (from Level 11): 
Number of Bins : 
Number of Cont ro l  Devices: 

Desc r ip t ion  of Locarion:  
Fabr ic  F i l t e r s  Cyclone 

Opacity Readings- a /  

A c t i v i t y  During Inspec t ion  
Yes - No Unknown - 

Rail Load i n  - - 
- Truck Dump - 

Load Out - - 
Head House A - 
Gallery Windows - - 

- - Tunnel Vents 

Opacity f o r  Cont ro l  Device Ou t l e t s  

I n  Operat ion Type of Device 
Yes ' No Unknown Cyclone Fabr ic  F i l t e r  - -  Locat ion 

Opacity 
% (0-100) 

Opacity 

- a/  I f  opac i ty  i s  lower than 2 0 % ,  simply note  ( 2 0 % ;  otherwise s t a t e  opac i ty .  
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Figure  E-3 

O R I G I N A L  LEVEL I1 INSPECTION SHEET 

I 

Date: 

Inspec t o r  : 
Time In: 
Time O u t :  

E leva tor  Name : 
Address : 

Contact :  

Process  Data 

1. 

2 .  

3 .  

4 .  

5. 

6. 

Grains processed (note  approximate percent )  
- Wheat - Corn 

Barley __ Milo 
Oats - Soybeans - 

Grain handl ing and s t o r a g e  capac i ty  

- 

Xumber of l e g s  
Capacity of each (bushe l s /h r )  , , , 
Number of b i n s  
T o t a l  s t o r a g e  c a p a c i t y  

Grain r e c e i v i n g  (note  approximate p e r c e n t )  
Truck - Boxcar - Hopper c a r  - 

Grain sh ipp ing  (note  approximate pe rcen t )  
Truck Boxcar - Hopper car - Barge - 

T o t a l  annual  throughput (bushe ls )  

Brief  process  d e s c r i p t i o n  
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Process  Opacity Readings 

A c t i v i t y  dur ing  Inspec t ion  Opacity 
No Unknown % ( 0  - 100) Yes - 
- - Rai l  load i n  - - 

Truck dump - .  
Load o u t  - - - - 
Gal le ry  windows - - 
Tunnel ven t s  - - - 

- - - 
- - - - Head house 
- - 

- 
Wind d i r e c t i o n  - Speed - Sky cond i t ion  

1 
1 
1 
8 
I 
I 
I 
I 
1 
1 
t 
I 
I 
I 
1 
I 
t 
1 
I 
- 

Process  Emissions CapturefContainment Data 
r 

1. 

2 .  

3 .  

Truck dump p i t ( s )  
Operat ing - V i s i b l e  emissions - 
Number of s ides  enclosed - 
Wind d i r e c t i o n  - Speed - 
Is the  p i t  a s p i r a t e d ?  __ 
Is t h e  p i t  louvered? __ 
Pleasured face v e l o c i t y  (fpm) 

D i r e c t i o n ( s )  of open s i d e s  __ 

T o t a l  des ign  flow (cfm) 
Open a r e a  ( sq  f t )  

Hopper r ece iv ing  
Operat ing - V i s i b l e  emissions - 
Is shrouding used? - 
Number of s i d e s  enclosed - 
Is t h e  p i t  a s p i r a t e d ?  - 
Measured f ace  v e l o c i t y  (fpm) 

Di rec t ion  of open s i d e s  __ 
Design flow (cfm) 

Boxcar r e c e i v i n g  
Operating - V i s i b l e  emissions __ 
Describe unloading method and capture/containment  system: 

Est imate  e f f e c t i v e n e s s :  
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4 .  Boots 
Operat ing - V i s i b l e  emissions - 
Aspira ted  __ Design flow (cfm) 

5 .  Tunnel b e l t  b i n  d i scha rge  
Operat ing - V i s i b l e  emissions __ 
Hood des ign:  Belt enc losure  - Canopy __ 

Pipe  pickup - 
Dis tance  from b e l t  
Design flow (cfm) 
S i z e  of opening (sq f t )  

Measured f ace  v e l o c i t y  (fpm) 

6 .  Tunnel b e l t  t r a n s f e r s  
Operat ing __ V i s i b l e  emissions __ 
Describe cap tu re  system ( see  d a t a  on 5 ) :  

Measured f ace  v e l o c i t y  (fpm) 
B e l t  speed (fpm) 

7 .  Head of l eg /ga rne r  
Operat ing - V i s i b l e  emissions __ 
Aspira ted  __ Design flow (cfm) 
S i z e  of takeoff  duc t  
I f  no a s p i r a t i o n ,  are l egs /ga rne r  vented t o  atmosphere? __ 
i f  s o ,  opac i ty  of ven t s :  
Leg speed (fpm) 

8 .  Cleaner 
Operat ing __ V i s i b l e  emissions __ 
Aspira ted  __ Design flow (cfm) 
S i z e  of takeoff  duc t  
Vented d i r e c t l y  t o  atmosphere __ 
I f  s o ,  v i s i b l e  emissions of v e n t :  
Design capac i ty  (bushe l s /h r )  
If cleaner i s  n o t  enc losed ,  d e s c r i b e  capture/containment  system: 

1 2 2  

1; 
0 
1 
8 
t 
0 
1 
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9 .  Scales/hoppers  
Operat ing - V i s i b l e  emissions __ 
Scale  capac i ty  (bushe ls )  
Grain f i l l  r a t e  (bushels/min) 
Aspi ra ted  __ Design flow (cfm) 
Takeoff duct  s i z e  
Vented d i r e c t l y  t o  atmosphere ___ 
I f  s o ,  vent  v i s i b l e  emissions : 

10.  D i s t r i b u t o r  
Operat ing - V i s i b l e  emiss ions  - 
Aspira ted  - Design flow (cfm) 
Vented d i r e c t l y  t o  atmosphere - 
I f  s o ,  exhaust  v i s i b l e  emiss ions :  

11. Gal le ry  b e l t / t r i p p e r  
Operat ing - V i s i b l e  emissions __ 
Descr ip t ion  of capture/containment  system: 

Measured f ace  v e l o c i t y  a t  openings (fpm) 
Vented d i r e c t l y  t o  atmosphere __ 
I f  s o ,  exhaust  v i s i b l e  e m i s s i o n s :  

1 2 .  Bin ven t s  
Operating - V i s i b l e  emiss ions  __ 

13. Truck/hopper c a r  load o u t  
Operating __ Vis ib l e  emiss ions  - 
Is choke loading  used? - 

1 4 .  Boxcar load o u t  
Operating - V i s i b l e  emiss ions  __ 
Aspirated - Design flow (cfm) 
Desc r ip t ion  of a s p i r a t i n g  system 

Face v e l o c i t y  a t  opening (fpm) - 
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15.  Barge loading  
Operat ing - V i s i b l e  emiss ions  - 
Aspira ted  __ Design f low (cfm) 
Desc r ip t ion  of a s p i r a t i o n  system 

1 6 .  Grain dry ing  
Operat ing __ , 
Dryer type Design c a p a c i t y  
A i r  volume Screen s i z e  

V i s i b l e  emiss ions  - 

Contro l  Device Analysis  

1. Number of f a b r i c  f i l t e r s  __ 

2 .  Number of cyclones ___ 

3 .  For each f a b r i c  f i l t e r  OK cyclone,  complete an a t t ached  d a t a  s h e e t .  

- 

1 2 4  
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The b a s i c  assumptions underlying t h e  t h r e e  l e v e l s  of i n s p e c t i o n  developed 
above are :  

1. The p r o b a b i l i t y  of  i d e n t i f y i n g  an e l e v a t o r  i n  noncompliance i n c r e a s e s  
with an i n c r e a s e  i n  l e v e l  of inspec t ion .  I n  f a c t ,  any e l e v a t o r  i d e n t i f i e d  a s  
noncompliant i n  Level I, w i l l  a l s o  be  i d e n t i f i e d  a s  noncompliant i n  Level 11. 

2. Although v i s i b l e  emission r e g u l a t i o n s  a r e  t h e  primary enforcement 
too l ,  f a c t o r s  o t h e r  t han  e x t e r n a l  v i s i b l e  emissions can be used t o  determine 
noncompliance and e f f e c t  enforcement a g a i n s t  noncompliant e l e v a t o r s  (i.e., 
t h e  cap tu re  e f f e c t i v e n e s s  of  a hood i s  a parameter  which e f f e c t s  compliance). 

3.  A l l  sources  of emissions a r e  weighed equa l ly  i n  determining t h e  com- 
p l i a n c e  s t a t u s  of a g r a i n  e l e v a t o r  (i.e., an opac i ty  of 30% during boxcar 
loading i s  equ iva len t  to  an o p a c i t y  oE 30% a t  t h e  o u t l e t  of a c o n t r o l  device) .  

4. Contro l led  and uncont ro l led  f u g i t i v e  emissions sources  a r e  eva lua ted  
by t h e  same c r i t e r i a .  

Development of t h e  F i e l d  Tes t  Program 

I n  Apr i l  1979, a meeting was he ld  i n  t h e  o f f i c e s  of t h e  Nebraska Depart-  
ment o f  Environmental Cont ro l  (NDEC) t o  develop procedures f o r  i n s p e c t i o n  
o f  t h e  30 e l eva to r s .  P a r t i c i p a n t s  inc luded  t h e  p r o j e c t  o f f i c e r s  from EPA 
Divis ion  of  S t a t i o n a r y  Source Enforcement and Region VI1 Surve i l l ance  and 
Analysis Div is ion ,  a r e p r e s e n t a t i v e  from MRI and two r e p r e s e n t a t i v e s  from 
NDEC. The t e s t  procedures  developed a t  the meeting a r e  a s  fol lows:  

1. Surve i l l ance  and a n a l y s i s  ( S a )  r e p o r t s ,  inc luding  t h e  Process  Sum- 
mary Sheet,  w i l l  be  submit ted t o  Region VI1  f o r  each of t h e  e l e v a t o r s  i n -  
spected. Also, t h e  d a t a  s h e e t s  from a l l  Level I inspec t ions  w i l l  be a t t a c h e d  
f o r  in format ion  purposes  only. Two cop ies  of each r e p o r t  w i l l  be submitted.  
Fu r the r  d i s t r i b u t i o n  of  r e p o r t s  i s  up t o  t h e  Region. 

2 .  No enforcement a c t i o n  w i l l  r e s u l t  d i r e c t l y  f rom t h e  in spec t ions .  
However, t h e  Conclusions and Recommendations Sec t ion ,  t o  be inc luded  on a 
sepa ra t e  s h e e t  with t h e  S&A r e p o r t ,  w i l l  i n d i c a t e  t h e  compliance/noncompliance 
s t a t u s  of t h e  source. 

3.  There w i l l  be  a crew of t h r e e  inspectors--one t o  conduct a l l  Level I 
inspec t ions ,  and t h e  o t h e r  two, a l l  Level I1 i n spec t ions  dur ing  t h e  2-week 
per iod  beginning t h e  middle of Ju ly .  (Level I11 inspec t ions  w i l l  be  conducted 
by PEDCo on 3 C and 3 D e l e v a t o r s ,  once i n  June and once i n  August.) I n  o rde r  
t o  take  advantage of t h e  e x t r a  t ime a v a i l a b l e  f o r  t h e  Level I inspec to r ,  an 
undetermined number of  e l e v a t o r s  l oca t ed  on t h e  rou te  t o  scheduled e l e v a t o r  
f a c i l i t i e s  w i l l  be in spec ted  a t  Level I. The Data Sheet  and Process  Sununary 
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Sheet ,  with a l i m i t e d  amount of  in format ion  o b t a i n a b l e  wi th in  t h e  a v a i l a b l e  
time, w i l l  b e  submit ted t o  t h e  Region f o r  each o f  t h e s e  e x t r a  Level I inspec-  
t ions .  

4 .  L e t t e r s  of  a u t h o r i z a t i o n  t o  conduct i n s p e c t i o n s  w i l l  be provided by 
t h e  Region. A s t a f f  of  t h e  Nebraska Air P o l l u t i o n  Cont ro l  D iv i s ion  w i l l  accom- 
pany each o f  t h e  Level I1 i n s p e c t o r s  and p o s s i b l y  t h e  Level I i n s p e c t o r  t o  
f a c i l i t a t e  e n t r y  t o  t h e  e l eva to r s .  Region V I 1  may send a r e p r e s e n t a t i v e  t o  a 
few inspec t ions .  M r .  Gene Robinson of  NDEC w i l l  inform the Nebraska Gra in  and 
Feed Assoc ia t ion  about  t h e  program and t h e  i n s p e c t i o n s  t o  be  conducted. 

5. Both Level I and Level I1 i n s p e c t i o n s  w i l l  be  conducted on an un- 
announced b a s i s .  However, i n  t h e  event  of heavy volume of a c t i v i t y ,  unavai l -  
a b i l i t y  of  o p e r a t o r ' s  t ime and o p e r a t o r ' s  o b j e c t i o n s ,  Level I1 i n s p e c t i o n s  
w i l l  be conducted a t  a l a t e r  scheduled time. In such c a s e s ,  any s i g n i f i c a n t  
d i f f e r e n c e  i n  emiss ions  d a t a  between Level I and Level I1 w i l l  be  analyzed 
f o r  p o s s i b l e  e f f e c t s  of announced ve r sus  unannounced inspec t ions .  

6 .  The fo l lowine  add i t ions /mod i f i ca t ions  w i l l  be inco rpora t ed  t o  the 
Level I and I1 i n spec t ions .  A l l  i n s p e c t i o n s  w i l l  be  t imed- to  provide  d a t a  
f o r  c o s t / b e n e f i t  a n a l y s i s  of  t h e  t h r e e  i n s p e c t i o n  techniques.  Level I in-  
s p e c t i o n s  w i l l  i n c l u d e  q u a l i t a t i v e  in fo rma t ion  about t h e  environment i n  which 
t h e  e l e v a t o r  i s  loca ted ,  viz., v i c i n i t y  of  popula t ion ,  l o c a l  t e r r a i n ,  a t t a i n -  
ment ve r sus  n o n a t t a i w e n t  a r e a ,  e t c .  The VE w i l l  be r epor t ed  a s  " l e s s  than 
t h e  a p p l i c a b l e  s tandard"  i f  determined so; otherwise ,  a c t u a l  3- t o  5-min 
opac i ty  d a t a  w i l l  be  ind ica t ed .  During Level I1 inspec t ions ,  t h e  instrumen- 
t a t i o n s  a s s o c i a t e d  wi th  t h e  d u s t  cap tu re  and c o n t r o l  systems w i l l  be checked 
f o r  t h e i r  o p e r a t i o n  and e f f e c t i v e n e s s .  

It was a n t i c i p a t e d  t h a t  two Level I1 i n s p e c t i o n s  could be completed 
each day, one  i n  t h e  morning and one i n  the af ternoon.  The schedule  was planned 
so t h a t  the Level I i n s p e c t o r  would be a t  a n  e l e v a t o r  a t  some t i m e  dur ing  t h e  
same ha l f -day  a s  the Level  I1 i n spec to r .  Note t h a t  f o r  comparison of t h e  two 
l e v e l s ,  i t  must be assumed t h a t  t h e  a c t u a l  compliance s t a t u s  of t h e  e l e v a t o r  
i s  c o n s i s t e n t  ove r  t h i s  ha l f -day  time per iod .  

Using t h e  f i e l d  t e s t  g u i d e l i n e s  and i n s p e c t i o n  procedures  descr ibed  above, 
38 g r a i n  e l e v a t o r s  were v i s i t e d  i n  l a t e  J u l y  1979, t o  perform Level I and 
Level I1 i n spec t ions .  O f  t h e  38 g r a i n  e l e v a t o r s  v i s i t e d ,  15 were e i t h e r  no t  
i n  o p e r a t i o n  o r  were shutdown; t h e  remaining 23 e l e v a t o r s  had t h e  follow- 
ing  c l a s s  breakdown. 
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Class  of E leva to r  Number of E leva to r s  

A 
B 
C 
D 

3 
9 
6 
c 3 - 

T o t a l  23 

During June, PEDCo performed Level I1 i n s p e c t i o n s  on f o u r  of t h e  Class  C 
and fou r  of  t h e  C las s  D e l e v a t o r s  t h a t  were in spec ted  dur ing  Ju ly .  

According t o  t h e  a i r  p o l l u t i o n  c o n t r o l  j u r i s d i c t i o n a l  a r ea ,  t h e  e l e v a t o r s  
were grouped a s  follows. 

A i r  P o l l u t i o n  Control  J u r i s d i c t i o n  Number of  Eleva tors  

C i ty  of  Lincoln Air P o l l u t i o n  C o n t r o d  
Lancas t e r  County Heal th  Dep artmen&/ 

2 
5 
2 

14 
T o t a l  23 

City  of  Omaha Air Qua l i ty  Control  
Nebraska Department o f  Environmental Cont ro l  - 

- a /  Administered by t h e  Lincoln-Lancaster  County Heal th  Department, Lincoln,  
Nebraska. 

M R I  i n s p e c t o r s  were accompanied by personnel  from t h e  r e s p e c t i v e  a i r  
p o l l u t i o n  c o n t r o l  a u t h o r i t i e s  dur ing  most of  t h e  i n s p e c t i o n  visits. The d a t a  
r equ i r ed  f o r  t h e  convent iona l  SIP i n s p e c t i o n s  and f o r  the Surve i l l ance  Reports 
were c o l l e c t e d  a s  p a r t  of  t h e  Level I1 inspec t ions .  

During t h e  in spec t ion ,  i t  was found t h a t  some of t h e  sma l l e r  e l e v a t o r s  
(Classes  A and B) were e i t h e r  n o t  ope ra t ing  o r  not  ope ra t ing  a t  peak l e v e l ,  
a s  had been expected. This  happened p r i m a r i l y  because corn  and milo,  r a t h e r  
than  wheat, i s  t h e  primary crop i n  much of  t h e  a r e a  inspected.  This  means 
t h a t  peak a c t i v i t y  occurs  i n  October dur ing  t h e  corn  and milo ha rves t .  Based 
on th i s  informat ion ,  i t  was decided t o  conduct on ly  t h e  23 i n spec t ions  dur- 
ing  Ju ly ,  and a f t e r  a p re l imina ry  eva lua t ion  o f  Level I and I1 procedures ,  
complete the f i e l d  i n s p e c t i o n s  during October.  

Pre l iminary  Evalua t ion  and Revis ion of  I n s p e c t i o n  Format 

Af te r  t h e  J u l y  i n s p e c t i o n s  were completed, t h e  Level I and Level I1 
formats  were eva lua ted  w i t h  regard  t o  d i f f i c u l t i e s  i n  completing t h e  inspec-  
t ion .  In a d d i t i o n ,  t h e  forms were reviewed t o  determine types of in format ion  
t h a t  might be  added o r  de le ted .  
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The on ly  problem i d e n t i f i e d  f o r  t h e  Level I format was t h a t  f o r  t h e  
l a r g e r  e l e v a t o r s ,  i t  i s  n o t  p o s s i b l e  f o r  t h e  i n s p e c t o r  t o  observe a l l  t h e  
c o n t r o l  equipment wi thout  en te r ing  t h e  p l a n t  boundary. Thus, the i n s p e c t o r  
i s  r equ i r ed  t o  n o t i f y  t h e  e l e v a t o r  o p e r a t o r  of h i s  presence.  I t  was d e t e r -  
mined t h a t  t h i s  n o t i f i c a t i o n  would n o t  s i g n i f i c a n t l y  h m p e r  the inspec t ion ,  
so  no mod i f i ca t ion  was made i n  t h e  format. 

S p e c i f i c  problems were encountered wi th  ga the r ing  some of  t h e  d a t a  on 
t h e  Level I1 form. Velometer measurements a t  some of t h e  a s p i r a t i o n  p o i n t s  
a r e  not  p o s s i b l e  due t o  a c c e s s i b i l i t y  problems and f o r  s a f e t y  reasons.  Be- 
s i d e s ,  t h e  i n s p e c t o r  may n o t  be  a b l e  t o  g e t  an average v e l o c i t y  reading a t  
any t i m e ,  s i n c e  t h e  observed v e l o c i t y  a t  a g iven  pick-up p o i n t  depends on 
t h e  p o s i t i o n  o f  dampers a t  a l l  t h e  o t h e r  pick-up p o i n t s  shar ing  t h e  same 
d u s t  c o n t r o l  equipment. Consequently, no v a l i d  conclus ion  can be drawn re- 
gard ing  the  e f f e c t i v e n e s s  of  t h e  dus t - cap tu re  system i n  gene ra l .  I t  was 
found dur ing  the i n s p e c t i o n s  t h a t  it i s  p o s s i b l e  to  have a high a s p i r a t i o n  
v e l o c i t y  a t  an i n t e r n a l  ope ra t ion ,  which, by v i s u a l  i n spec t ion ,  appears  quite 
dusty.  Other  d a t a  inc lud ing  des ign  flow, b e l t  speed, etc. ,  were almost impos- 
s i b l e  t o  o b t a i n  from t h e  e l e v a t o r  ope ra t ing  personnel .  As a r e s u l t  .of t h e s e  
* . - - .  . . . - -  3 -  - - - -  J - . . - 1 - - 2  -1_-.. - -  -___ ,_._*_.-- ^ C  ,.-....,,<"..-A D , , l n  

U I I I I L U L L A = i l ,  A L  ..Oil V S L S L I Y L L I S Y  Y.-L I." -._....-c*-.. -_  --.. -r------- 
5, t h e  Process  Weight s tandard ,  can be made by us ing  d a t a  from Level I1 t o  
e s t i m a t e  c o n t r o l  equipment performance. 

As a r e s u l t  o f  d i f f i c u l t y  i n  ob ta in ing  v e l o c i t y  d a t a  and o t h e r  ope ra t -  
i ng  d a t a  descr ibed  e a r l i e r ,  minor r e v i s i o n s  were made t o  the Level I1 in -  
s p e c t i o n  format. The r e v i s e d  Level I1 i n s p e c t i o n  forms a r e  shown i n  F igure  
E-4. Q u a n t i t a t i v e  d a t a  which were e i t h e r  unobta inable  o r  do n o t  he lp  i n  the 
e v a l u a t i o n  of  t h e  d u s t  c o n t r o l  system were excluded. It i s  recommended t h a t  
a q u a l i t a t i v e  judgment about  t h e  o p e r a t i o n  and maintenance of t h e  d u s t  con- 
t r o l  system based on a v i s u a l  i n spec t ion  of  t h e  i n t e r n a l  ope ra t ions ,  and 
t h e  c l e a n l i n e s s  of t h e  f l o o r s  and wa l l s  be  a p a r t  of t h e  Level I1 inspec t ion .  
Such a s u b j e c t i v e  judgment can be made a f t e r  an i n s p e c t o r  has  v i s i t e d  a few 
,Fcci?ities 2 ~ 6  i t  is p c s s i b l e  t o  =&e 2 d i s t i n c t i f i n  hetveen 2" effer.ti .ve 

d u s t  c a p t u r e / c o n t r o l  system and an i n e f f e c t i v e  one. 

The r e v i s e d  Level I1 i n s p e c t i o n  would r e q u i r e  t h e  i n s p e c t o r  t o  inc lude  
a rough ske tch  of  t h e  v a r i o u s  d u s t  c o n t r o l  systems i n  t h e  f a c i l i t y .  As shown 
i n  t h e  sample p re sen ted  i n  F igure  E-5, this would be  a schematic diagram 
f o r  each o f  t h e  d u s t  c a p t u r e / c o n t r o l  systems,  showing the va r ious  a s p i r a t i o n  
p o i n t s  and dampers i f  provided. This  diagram w i l l  b e  inc luded  dur ing  the 
f i r s t  v i s i t  and w i l l  b e  maintained a s  a permanent record.  During subsequent 
v i s i t s ,  and des ign /ope ra t iona l  changes made i n  t h e  s y s t e m  w i l l  be noted and 
t h e  r eco rd  changed accordingly.  
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Fiugre  E-4 

REVISED LEVEL I1 INSPECTION SHEET 

Date : Time In: 

Inspec to r :  

Elevator  Name : 

Time O u t :  

Address : 

Contact :  

Process  Data 

1. 

2 .  

3 .  

4 .  

5 .  

6. 

Grains processed (note  approximate percent)  
Wheat C o r n  
Barley M i  l o  
Oats Soybeans 

Grain handl ing  and s to rage  c a p a c i t y  
Number of  l egs  
Capacity of each (bushe ls lhr )  , , . 
Number of  b ins  
T o t a l  s to rage  capac i ty  

Grain r e c e i v i n g  (note  approximate percent )  
Truck __ Boxcar - Hopper c a r  - Barge - 

Grain sh ipping  (note  approximate percent )  
Truck __ Boxcar - Hopper c a r  - Barge - 

T o t a l  annual  throughput (bushels)  

Miscel laneous Information:  
Use of g r a i n  d r y e r s :  yes  - no - 
Use of g r a i n  c l e a n e r s l s c a l p e r s :  yes  - no - 
Source of g r a i n  (note  approximate p e r c e n t ) :  

Shipment (note  approximate p e r c e n t ) :  
D i rec t  from farmers  - 
Flour  and feed  m i l l s  - 

Other smal le r  e l e v a t o r s  - 
Other b igge r  e l e v a t o r s  - 

Export - 
Is any d u s t  c o l l e c t i o n  system used? yes  - no - 
I f  y e s ,  how i s  t h e  c o l l e c t e d  d u s t  disposed o f :  

Trucked t o  dump s i t e s  - Recycled t o  g r a i n  
Sold t o  

131 



Process  Opacity R e a d i n e  

Activity du r ing  i n s p e c t i o n  Opaci ty  
Y e s  - No Unknown % (0 - 100) 
- - - Rail  load i n  

Load out  
Head house,  s c a l e / g a r n e r ,  

Truck dump - - - 
- - - 

d i s t r i b u t o r  f l o o r s  - - - 
Gal le ry  windows - - - 
Truck path and p rope r ty  l i n e :  c l e a n  - dus ty  - 
Wind d i r e c t i o n  Speed Sky  c o n d i t i o n  

prnc a E E wm+ =i ~~ nn ~ cantwe  fCnn t 9 i t nsr t I 

1. Truck dump p i t ( s )  
Operat ing V i s i b l e  emissions 
P i t  f l o o r  and surroundings:  c l e a n  - dus ty  - 
Number of s i d e s  enclosed 
If doors  a r e  provided, a r e  they c l o s e d  du r ing  unloading? 
Is t h e  p i t  a s p i r a t e d ?  
Is the  p i t  louvered? 

2.  Hopper r e c e i v i n g  
Operat ing V i s i b l e  emissions 
Receiving f l o o r  and surroundings:  c l e a n  - dus ty  - 
JS siii:uuciing used? 

Number of s i d e s  enclosed 
If doors  a r e  provided, a r e  they c losed  du r ing  unloading? 
Is the  p i t  a s p i r a t e d ?  

- .  

3 .  Boxcar r e c e i v i n g  
Operat ing V i s i b l e  emissions 
Receiving f l o o r  and surroundings:  c l e a n  - dus ty  
Unloading method and capture/containment  system: 
Car t i l t  and dus t  enc losure  
"Bobcat" type shovel  Other 
Is a s p i r a t i o n  used? 
Estimate e f f e c t i v e n e s s  of d u s t  c o n t r o l  
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4 .  Leg and Leg Boot 
Operat ing V i s i b l e  emissions - 
Boot a r e a  f l o o r  and wal ls :  c l e a n  - dus ty  - 
Aspirated ? 
If a s p i r a t e d ,  i s  it equipped wi th  damper? - 
Are dampers r e g u l a r l y  used? - 

I 
1 
i 

- 

5.  Tunnel b e l t  b i n  d ischarge  
Operat ing V i s i b l e  emissions - 
Tunnel basement area f l o o r  and walls: clean - dus ty  - 

Pipe pickup - Choke feed 
Dis tance  from b e l t  
Is hood a s p i r a t e d ?  
Damper? - Use of dampers 

Hood design: B e l t  enc losure  - Canopy - 

.6. Tunnel b e l t  t r a n s f e r s  
Operat ing - V i s i b l e  emissions - 
Trans fe r  a r e a  f l o o r  and wal ls :  c l e a n  - dus ty  - 
Aspira ted?  - Damper? - Use of damper - 

7 .  Head of  leg /garner  
Operat inp 
F loo r  and w a l l s :  c l e a n  - dus ty  - 
Aspira ted?  - 
I f  no a s p i r a t i o n ,  are l egs /ga rne r  vented t o  atmosphere? 
I f  so ,  opac i ty  of ven t s  (from t h e  ground) : 

8 .  Cleaner  
Operat ing 
F loor  and w a l l s  : c l e a n  __ dus ty  - 
Aspira ted?  - 
I f  c l e a n e r  i s  not  enc losed ,  d e s c r i b e  capture/containment  system 
i f  any: 
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9 .  Sca le  
Operat ing - 
Scale  f l o o r :  c l e a n  - dus ty  - 
Aspira ted  

10. D i s t r i b u t o r  
Operat ing - 
D i s t r i b u t o r  f l o o r :  c l e a n  - dus ty  - 

11. Gal le ry  b e l t / t r i p p e r  
Operat ing - V i s i b l e  emissions - 
Gal l e ry  f l o o r  and walls: c l e a n  - dus ty  - 
Desc r ip t ion  of  capture/containment  system: 

12. Truck/hopper c a r  load out  
Operat ing V i s i b l e  emissions 
Load out  area: c l e a n  - dus ty  - 
Number of s i d e s  enclosed 
Is choke loading  used? 
Aspi ra ted  

13. Boxcar load out  
Operat ing V i s i b l e  emissions 
Load o u t  area: c l e a n  - d u s t y  - 
Number of s i d e s  enclosed 
Desc r ip t ion  of  l o a d i n g / a s p i r a t i n g  system: 

14. Barge loading  
Operat ing V i s i b l e  emissions 
Aspi ra ted  
Desc r ip t ion  of a s p i r a t i o n  system: 
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15. Grain dry ing  
Operat ing V i s i b l e  emissions 

Screen s i z e  Dryer type - 
Contro l  Device Analys is  

1. Number of  f a b r i c  f i l t e r s  

2. Number of cyc lones  

3 .  For each f a b r i c  f i l t e r  o r  cyc lone ,  complete an a t t ached  d a t a  s h e e t .  
P r e s e n t ,  below, a l ine-schematic of the d u s t  c o n t r o l  system inc lud -  
i n g  pick up p o i n t s ,  damper and c o n t r o l  device.  
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,, Damper 

Figure E-5 - Logical layout of d u s t  c a p t u r e  and c o n t r o l  system 
f o r  Level I1 i n spec t ion .  

,'Damper 
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The r ev i sed  Level I1 i n s p e c t i o n  i s  expected t o  provide  t h e  fol lowing 
g e n e r a l  in format ion  r e l a t i v e  t o  t h e  d u s t  c a p t u r e / c o n t r o l  system. 

1. I d e n t i f i c a t i o n  of :  

. 

. Operat ions which have no a s p i r a t i o n  b u t  o t h e r  proven 

I n t e r n a l  and e x t e r n a l  o p e r a t i o n s  which a r e  a s p i r a t e d ;  

methods of  d u s t  c o n t r o l  a r e  used; and 

. Opera t ions  where no a t tempt  i s  made t o  cap tu re  dust .  

2. A l o g i c a l  l ayout  of  t h e  d u s t  c a p t u r e  and c o l l e c t i o n  system, which 
w i l l  be  u s e f u l  f o r  o p e r a t i o n a l  checks and f o r  t h e  i d e n t i f i c a t i o n  of any prob- 
lem i n  t h e  sys tem when noncompliance i s  i n d i c a t e d  during l a t e r  visi ts .  

3 .  A q u a l i t a t i v e  judgment on t h e  e f f e c t i v e n e s s  of t h e  d u s t  cap tu re  
and c o n t r o l  system. This  i s  based on t h e  v i s u a l  i n s p e c t i o n  of i n t e r n a l  op- 
e r a t i o n s ,  c l e a n l i n e s s  of  f l o o r s ,  wal l ,  l oad - in  and load-out a reas .  The over- 
a l l  e f f e c t i v e n e s s  can be  es t imated  once t h e  i n s p e c t o r  g a i n s  f a m i l i a r i t y  with 
t h e  ope ra t ion  o f  g e n e r a l  d u s t  c o l l e c t i o n  systems i n  g r a i n  e l eva to r s .  

4 .  Reasonable conclus ions  on t h e  r e g u l a r i t y  of use  of t h e  s u c t i o n  sys-  
tem a t  va r ious  pick-up p o i n t s  and on proper  use  of t h e  e n t i r e  d u s t  c o n t r o l  
system, according t o  ope ra t ing  s p e c i f i c a t i o n s .  

Addit ional  F i e l d  Inspec t ions  

During October,  a second group of Level I and Level I1 f i e l d  in spec t ions  
were conducted t o  complete t h e  o r i g i n a l  p ro toco l  f o r  the SIP inspec t ions .  
Level I11 i n s p e c t i o n s  were repea ted  a t  t h e  fou r  Class  C e l e v a t o r s  which had 
been in spec ted  during June. Those e l e v a t o r s  inspec ted  us ing  Level I and Level 
I1 procedures  included:  

. Nine Class  A and t h r e e  Class  B e l e v a t o r s  which were in spec ted  
wi th  Level I and Level I1 procedures  t o  complete t h e  SIP inspec-  
t i ons .  

. Six  Class  C and t h r e e  Class  D e l e v a t o r s  which were inspec ted  
with Level I procedures  t o  compare r e s u l t s  with those  ob ta ined  
i n  June. 

. Eleven e l e v a t o r s  of  unknown c l a s s  which were inspec ted  by Level 
I procedures  on an "as seen" b a s i s  by t h e  Level I inspec to r .  
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RESULTS OF ELEVATOR INSPECTIONS 

Compliance with R u l e s  13 and 14 

The b a s i c  f i n d i n g s  of each l e v e l  of  i n s p e c t i o n  i n  Ju ly  was t h a t  t h e  
e l e v a t o r s  i n  Nebraska a r e  g e n e r a l l y  i n  compliance with r e s p e c t  to  Rule 13, 
t h e  v i s i b l e  emissions r e g u l a t i o n  and Rule 14, t h e  p r o h i b i t i o n  of  v i s i b l e  
emissions beyond t h e  p r o p e r t y  l i n e .  A s  shown i n  Table  E-3, on ly  one e l e v a t o r  
was determined t o  be  o u t  of  compliance. It should be noted t h a t  t h e  l o c a t i o n  
of  a n  e l e v a t o r ' s  p r o p e r t y  l i n e  was o f t e n  d i f f i c u l t  t o  a s c e r t a i n ,  making d e t e r -  
mina t ion  o f  compliance with Rule 14 ques t ionable .  The Level I11 i n s p e c t i o n  
d i d  i d e n t i f y  one C las s  C e l e v a t o r  which was i n  v i o l a t i o n  of  Rule 18, t h a t  
p roh ib  i t s excess ive  occurrences  o f con t ro  1 dev ice  ma 1 funct ions .  

TABLE E-3. GRAIN ELEVATOR COMPLIANCE STATUS WITH RESPECT TO VISIBLE 
EMISSIONS AND FUTIVE DUST 

Level I Level I1 Level I11 
Compliance s t a t u s  Comp 1 iance  st  a t u s  Compliance s t a t u s  

C las s  I n  out  I n  o u t  I n  o u t  

A 
B 
C 
D 

3 0 3 0 
9 0 9 0 
5 1 6 0 4 
5 0 5 0 4 

- 
- - 

0 
0 

L L L V i l L  V L  U L S  CLL"aLL.VL. ,  UpyC'L-.. L" Lc  iz __ A -  . . J - h  n _ U L  ch-  LllC U"L, T . . l - .  2 LLLil ----- ~~~ LLV,Lil, --I* -C +h-  - l - - - -c - - -  ----..--A c- 

compliance w i t h  t h e  o p a c i t y  and f u g i t i v e  emission r egu la t ions .  A s  can be 
seen from Table  E-4, a t o t a l  of  38 of  t h e  48 in spec t ions  found t h e  e l e v a t o r s  
t o  be  i n  compliance. However, a much g r e a t e r  number of e l e v a t o r s  were found 
O u t  o f  compliance i n  October,  t h e  "busy season,"  than had been i d e n t i f i e d  
dur ing  Ju ly .  I n  p a r t i c u l a r ,  a l l  s i x  Class  C e l e v a t o r s  were found i n  compliance 
by Level I1 i n s p e c t o r s  and only  one was found o u t  of  compliance by Level I 
i n s p e c t o r s  dur ing  t h e  J u l y  in spec t ions .  However, t h r e e  of  t h e  s i x  were found 
Out o f  compliance ( a l l  w i t h  r e s p e c t  t o  load-out o p e r a t i o n s )  during October. 
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TABLE E-4. COMPLIANCE STATUS OF G R A I N  ELEVATORS WITH RESPECT TU 
VISIBLE MISSIONS AND FUGITIVE MISSIONS 
REGULATIONS DURING OCTOBER INSPECTIONS 

~ ~ 

Level I Level I1 Level I11 
Compliance s t a t u s  Compliance s t a t u s  Compliance s t a t u s  

Class  I n  out  I n  ou t  In out  

A 8 3 8 1 - - 
B 3 0 1 2 - - 
C 3 3 4 0 

Unknown 8 1 - - - - 

- - 
D 2 151 - - - - 

a/ Source out  of  compliance was load-out  o f  f a b r i c  f i l t e r  c a t c h .  

E leva tor  Compliance w i t h  Nebraska Rule l&/ 

The f ind ings  from Level 111 a l s o  addres s  compliance with Nebraska Rule 
The exac t  18, a p r o h i b i t i o n  of excess ive  mal func t ion  o f  c o n t r o l  equipment. 

number and d u r a t i o n  of  e l e v a t o r  f a b r i c  f i l t e r  breakdowns could n o t  be d e t e r -  
mined dur ing  Level 111 inspec t ions .  However, i t  was p o s s i b l e  t o  determine 
t h e  adequacy o f  f a b r i c  f i l t e r  maintenance programs a t  t h e  e l e v a t o r s ,  and 
from t h e s e  de te rmina t ions  t o  a s s e s s  t h e  p r o b a b i l i t y  t h a t  breakdowns a r e  un- 
n e c e s s a r i l y  f requent .  Fab r i c  f i l t e r  maintenance was judged on t h e  b a s i s  o €  
f i l t e r  appearance a t  the time of  i n spec t ion ,  knowledge o f  p l a n t  personnel  
i n  f i l t e r  system ope ra t ion ,  and d i s c u s s i o n s  wi th  p l a n t  personnel  about mainte- 
nance schedules.  One e l e v a t o r  w a s  judged t o  have s u f f i c i e n t l y  f requent  break-  
downs t o  be  i n  v i o l a t i o n  of  Rule 18. 

During t h e  June Level I11 i n s p e c t i o n s ,  major maintenance problems were 
discovered i n  f a b r i c  f i l t e r  systems a t  E leva to r s  3 ,  6 ,  7, and 8, and less 
s e r i o u s  problems were d iscovered  a t  E leva tors  1 and 4. PEDCo i n s p e c t o r s  ad- 
v i sed  t h e  management a t  each of t h e  s i x  e l e v a t o r s  of t h e  f i l t e r  problems. 
The management a t  E leva to r s  1, 3,  4 ,  and 8 demonstrated t h a t  e x i s t i n g  main- 
tenance p r a c t i c e s  would c o r r e c t  the problems wi th in  a reasonable  amount of 
time and t h a t  t h e  problems would n o t  r e c u r  a t  an excess ive  frequency. The 
managers a t  E leva to r s  6 and 7 were n o t  aware of t h e i r  f i l t e r  problems, d i d  
n o t  f u l l y  understand t h e  causes  of t h e  problems, and had no s p e c i f i c  p l a n s  
t o  c o r r e c t  t h e  problems. 
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The f i l t e r  system a t  E leva to r  6 had a plugged hopper which was completely 
f i l l e d  with d u s t ,  s e v e r a l  f i l t e r  c l ean ing  so leno ids  t h a t  were i n o p e r a t i v e ,  a 
d i f f e r e n t i a l  manometer which was i n o p e r a t i v e ,  s e v e r a l  l eaks  i n  t h e  f i l t e r  
h a t c h  s e a l s ,  and a c l ean ing  system a i r  compressor which i n j e c t e d  mois ture  i n t o  
t h e  f i l t e r .  The power supply t o  s e v e r a l  so l eno ids  had been disconnected,  in -  
d i c a t i n g  t h a t  mal func t ioning  so leno ids  were r o u t i n e l y  removed f rom service 
r a t h e r  t han  repa i red .  Large accumulations o f  d u s t  were observed beneath t h e  
d u s t  hopper access  door  i n d i c a t i n g  t h a t  t h e  hopper had a l so .  plugged on pre-  
v ious  occasions.  P l a n t  maintenance personnel  d id  not  r e a l i z e  t h a t  mois ture  
e n t e r i n g  t h e  f i l t e r  from t h e  compressor and through ha tch  s e a l s  was a prob- 
a b l e  cause  o f  hopper plugging. They f e l t  t h a t  t h e  f i l t e r  system was not  de- 
s igned  p rope r ly  and they  had n o t  i n s t i t u t e d  a p r e v e n t i v e  maintenance pro- 
gram f o r  t h e  system. 

The October i n s p e c t i o n  a t  E leva tor  6 r evea led  t h a t  most of  t h e  f i l t e r  
problems had been r epa i r ed .  The p l a n t  management had e n l i s t e d  t h e  f i l t e r  
manufac tu re r ' s  s e r v i c e  department t o  perform t h e  necessary  f i l t e r  mainte- 
nance. A s  a r e s u l t ,  p l a n t  personnel  were more aware of proper  o p e r a t i o n  and 
maintenance procedures  f o r  t h e  f i l t e r  and PEDCo i n s p e c t o r s  concluded t h a t  
f u t u r e  mal func t ions  would n o t  be excessive.  

The f i l t e r  system a t  Eleva tor  7 was i n o p e r a t i v e  dur ing  t h e  June inspec-  
t ion .  The p l a n t  manager expla ined  t h a t  t h e  r o t a r y  a i r  lock had s e i z e d  be- 
cause  a f i l t e r  bag cage  had probably broken loose.  He f u r t h e r  expla ined  t h a t  
h i s  maintenance personnel  had not  y e t  had t i m e  t o  r e p a i r  the  system. It w a s  
immediately apparent  t o  PEDCo i n s p e c t o r s  t h a t  e l e v a t o r  personnel  had not  
i n v e s t i g a t e d  t h e  f i l t e r  malfunction. A b r i e f  i n t e r n a l  i n s p e c t i o n  of  t h e  f i l -  
ter  r evea led  no f a l l e n  bag cages. However, t h e  r o t a r y  a i r  lock was inopera-  
t i v e  and t h e r e  was evidence of  o i l  l eak ing  from t h e  c l ean ing  a i r  compressor 
i n t o  t h e  f i l t e r .  PEDCo a l s o  found one t o r n  f i l t e r  bag which caused v i s i b l e  
emissions o f  up t o  20% o p a c i t y  when t h e  system was temporar i ly  energized. 

In c o n t r a s t  t o  E ieva to r  6 ,  f i i t e r  system maincenance a t  E ieva to r  i had 
n o t  improved by October. The f i l t e r  was a g a i n  i n o p e r a t i v e  and p l a n t  person- 
n e l  were aga in  too  busy t o  a t tempt  r e p a i r s .  The cond i t ion  o f  t h e  f i l t e r  was 
r e l a t i v e l y  unchanged and t h e  knowledge and i n t e r e s t  of p l a n t  personnel  i n  
f i l t e r  o p e r a t i o n  and maintenance had not  improved. I t  i s  appa ren t  t h a t  the 
frequency o f  mal func t ion  a t  Eleva tor  7 c o n s t i t u t e s  a v i o l a t i o n  o f  Rule 18. 

Observat ions Regarding Emissions Control  Svstems 

Severa l  obse rva t ions  were made regard ing  emissions c o n t r o l  a t  t h e  e l e -  
v a t o r s  i n spec ted  dur ing  J u l y  Level I1 i n s p e c t i o n s ,  Almost a l l  of  t h e  l a r g e r  
e l eva to r s - -C las ses  C and D--were found t o  b e  equipped with d u s t  c o l l e c t i n g  
systems. A l a r g e  number of  t h e  systems c o n s i s t e d  of f a b r i c  f i l t e r s  and some 
of t h e  f i l t e r s  were a l s o  provided with cyclone p reca tche r s .  Except f o r  a 
few e l e v a t o r s ,  t h e  d u s t  c o n t r o l  systems were i n  o p e r a t i o n  and t h e  f a c i l i t i e s ,  
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i n  gene ra l ,  were i n  compliance with the opac i ty  (ducted source)  and f u g i t i v e  
emissions s tandards .  Some o f  t h e  f a c i l i t i e s ,  though i n  compliance, were not  
running t h e  f i l t e r s  according t o  t h e  des ign  s p e c i f i c a t i o n s  o r  a t  t h e  optimum 
e f f e c t i v e  ope ra t ing  s p e c i f i c a t i o n s .  A few of  t h e  f i l t e r s  were found t o  have 
plugging and baghole problems r e s u l t i n g  i n  complete shutdown of t h e  d u s t  
cap ture  and c o l l e c t i o n  systems. The o p e r a t o r  had very l i t t l e  knowledge of 
t h e  ope ra t ion  and maintenance requirements  of the system. He had no i n c e n t i v e  
t o  r e p a i r  t h e  equipment and p u t  i t  back i n  o p e r a t i o n  wi thout  much delay. 
The c m o n  problem appears  t o  be  that owners and ope ra to r s  of  such f a c i l i t i e s  
were not  convinced about  t h e  advantages of a wel l -opera ted  d u s t  c o l l e c t i n g  
system and t h e  r e s u l t i n g  "clean" f a c i l i t y .  On t h e  o t h e r  hand, e l e v a t o r s  which 
had opera ted  an e f f e c t i v e  c o n t r o l  system over  a p e r i o d  of t ime r e a l i z e d  t h e  
m e r i t s  of  such a system and seemed t o  b e  proud of i t .  I t  appeared t h a t  educat ing 
the owners and o p e r a t o r s  of  g r a i n  e l e v a t o r s  on t h e  m e r i t s  and worthiness  
of d u s t  c o n t r o l  systems i s  an important  p r e r e q u i s i t e  t o  an e f f e c t i v e  regula-  
to ry  and monitor ing program. 

I n  l a r g e  e l e v a t o r s ,  most of  t h e  i n t e r n a l  ope ra t ions ,  such a s  boot  t r a n s -  
f e r s ,  tunnel  b e l t  b i n  d ischarge ,  s c a l e s ,  d i s t r i b u t o r s ,  etc., were a s p i r a t e d  
t o  t h e  d u s t  c o n t r o l  equipment. Even though t h e  d u s t  c o l l e c t o r  exhaust  showed 
no v i s i b l e  emissions,  t h e  i n t e r n a l  d u s t  pick-up a r e a s  themselves were, i n  
some ins t ances ,  q u i t e  dus ty .  Th i s  was caused by: ( a )  poor  a s p i r a t i o n ,  i.e., 
no t  enough a i r  s u c t i o n  t o  prevent  t h e  d u s t  from f l y i n g  o u t  of t h e  conta in ing  
hood; and/or  ( b )  n o t  opening t h e  damper provided i n  t h e  a i r  take-off  duc t  
when the p a r t i c u l a r  o p e r a t i o n  was on. 

Load-out chu te s  lead ing  i n t o  t rucks ,  hopper c a r s ,  and boxcars were s e l -  
dom equipped w i t h  a s p i r a t i o n  ducts.  Choke-loading was almost  never  used when 
loading t rucks  and hopper ca r s .  The g e n e r a l  i n d u s t r y  t r e n d  was toward us ing  
exc lus ive ly  hopp2r c a r s ,  doing away w i t h  boxcars because of t h e i r  d i f f i c u l t  
and time consuming unloading opera t ion .  Boxcars were unloaded mostly by me- 
chan ica l  shovels  ("Bobcats" o r  auge r s )  and t h e  g r a i n  f r e e f a l l s  about 5 t o  
6 E t  befo,e reaching t h e  a s p i r a t e d  p i t .  Mechanical shovel ing  was i n v a r i a b l y  
a dusty o p e r a t i o n  compared t o  t h e  more s o p h i s t i c a t e d  c a r - t i l t  systems which 
were u s u a l l y  provided wi th  rubber  dus t - cap tu re  hoods. It was reasonable  t o  
conclude t h a t  dus t - cap tu re  systems f o r  t h e  c a r  load-in and load-out a r eas  
were s t i l l  evolving,  a t  l e a s t  i n  t h e  l a r g e r  e l e v a t o r s  t h a t  were inspected.  

Many o f  t h e  Class  A and Class  B e l e v a t o r s  t h a t  were in spec ted  d i d  not  
have any d u s t  c o n t r o l  system. This  f ind ing  was p a r t i c u l a r l y  s u r p r i s i n g  s i n c e  
i t  was expected t h a t  even t h e  sma l l e r  count ry  e l e v a t o r s  would have a cyclone 
o r  two t o  c o l l e c t  t h e  d u s t  from t h e  dump p i t s .  However, t h e  few Class  A and ' I  

C lass  B e l e v a t o r s  t h a t  were inspec ted  when i n  ope ra t ion ,  were found t o  be 
i n  compliance with r e s p e c t  t o  o p a c i t y  and f u g i t i v e  emission s tandards ,  though 
some only  margina l ly .  
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ievei 111 i n s p e c t o r s  found t h a t  many e l e v a t o r  p a r t i c u l a t e  c o n t r o l  systems 
had o p e r a t i o n  and maintenance problems which r e s u l t e d  i n  inc reased  p a r t i c u l a t e  
emissions wi thout  caus ing  v i o l a t i o n s  of p a r t i c u l a t e  emission r e g u l a t i o n s  
(Table  E-5) .  Some of  t h e s e  problems could be  co r rec t ed  with minimal e f f o r t  
and investment  by t h e  e l e v a t o r s .  Improvements p o s s i b l e  i n  p a r t i c u l a t e  con- 
t r o l s  g e n e r a l l y  f i t  i n t o  one of  two c a t e g o r i e s .  Some e l e v a t o r s  could reduce 
p a r t i c u l a t e  emissions by provid ing  b e t t e r  containment of f u g i t i v e s  genera ted  
a t  loading and unloading f a c i l i t i e s .  Other  e l e v a t o r s  could reduce p a r t i c u -  
l a t e  emissions a t  dump p i t s  o r  improve evacuat ion  of  t unne l s  and g a l l e r i e s  
by main ta in ing  f a b r i c  f i l t e r s  i n  b e t t e r  condi t ion .  

Fug i t ive  emissions gene ra t ed  a t  s e v e r a l  t r u c k  dump p i t s  could be more 
e f f e c t i v e l y  con ta ined  i f  e l e v a t o r  personnel  had used e x i s t i n g  dump shed doors. 
P D c o  i n s p e c t o r s  d i d  n o t  s e e  any dump shed doors  i n  u s e  during any of t h e  
Level 111 i n spec t ions .  F u g i t i v e  emissions a t  load-out s t a t i o n s  were c o n t r o l l e d  
with varying degrees  of  success .  For e x m p l e ,  t h e  r a i l  load-out  s t a t i o n  a t  
E leva to r  3 produced s i g n i f i c a n t  q u a n t i t i e s  of f u g i t i v e  d u s t  because t h e  s t a -  
t i o n  was n o t  enclosed and it u t i l i z e d  the f r e e  f a l l  method o f  feed. The r a i l  
load-out s t a t i o n  a t  E leva to r  1 employed choke type  feeding  wi th in  a shed 
open only  a t  t h e  ends,  which provided g r e a t e r  c o n t r o l  of f u g i t i v e s .  

Fabr ic  f i l t e r  maintenance problems inc luded  moi s tu re  in leakage  through 
p u l s e  a i r  j e t  a i r  compressors,  i n o p e r a t i v e  p u l s e  a i r  so l eno ids ,  low a i r  p re s -  
s u r e  i n  p u l s e  a i r  and r e v e r s e  a i r  c leaning  systems, and temporary s c a f f o l d i n g  
l e f t  i n  hoppers.  These problems o f t e n  r e s u l t e d  i n  bag b l ind ing ,  which reduces 
cap tu re  v e l o c i t i e s  a t  dump p i t s ,  tunnel  b e l t s  o r  g a l l e r i e s .  These same prob- 
lems sometimes l e d  t o  hopper plugging,  caus ing  t h e  f i l t e r s  t o  be removed 
from s e r v i c e  f o r  r e p a i r s .  Other  f i l t e r  maintenance problems inc luded  t o r n  
bags which reduced f i l t e r  d u s t  removal e f f i c i e n c i e s ,  and i n o p e r a t i v e  i n s t r u -  
mentat ion which reduced t h e  a b i l i t y  of  maintenance personnel  t o  diagnose 
problems. 
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G M  SSARY 

I 
t 

. beeswing: a l i g h t  f l a k y  m a t e r i a l  t h a t  b reaks  off  f r o m  corn  ke rne l s  dur ing  
drying,  causing a s i g n i f i c a n t  nu isance  and v i s i b l e  emissions problem. 

The primary s t o r a g e  f a c i l i t y  i n  both  count ry  and t e rmina l  e l e v a t o r s .  b i n :  
In newer e l e v a t o r s  they  gene ra l ly  a r e  conc re t e  s i l o s  70-80 f t  h igh 
a t t ached  t o  t h e  main e l e v a t o r  f a c i l i t y .  

bobcat: A small  f r o n t  end loade r  used t o  unload g r a i n  from boxcars. 

boot: The bottom of t h e  e l e v a t o r  leg.  

boxcar: A roofed r ec t angu la r  f r e i g h t  c a r  w i th  s l i d i n g  doors  on both s i d e s  
t h a t  i s  used t o  t r a n s p o r t  grain.  

bulk c a r r i e r :  A s h i p  which has  an empty h u l l  compartmented by a s e r i e s  
of bulkheads g e n e r a l l y  w i t h  no i n t e r n a l  decks. 

but terworth:  A small  hatch (11-12 i n .  i n  d i ame te r )  i n  t h e  deck of a t a n k e r  
t h a t  i s  used t o  f i l l  vo ids  i n  t h e  cargo. 

column dryer :  A t ype  of d r y e r  i n  which t h e  g r a i n  f a l l s  cont inuous ly  i n  
a double  column. Air e n t e r s  through t h e  bottom and e x i t s  both s ides .  

country e l e v a t o r :  An e l e v a t o r  which r e c e i v e s  t h e  bulk of i t s  g r a i n  d i r e c t l y  
from t h e  farmer.  

d i s t r i b u t o r :  A dev ice  i n  t h e  e l e v a t o r  headhouse which r ece ives  g r a i n  from 
t h e  l e g  and t r a n s f e r s  i t  t o  t h e  a p p r o p r i a t e  bin,  b e l t ,  s c a l e ,  o r  load- 
out  operat ion.  

dump p i t :  An underground conc re t e  hopper covered by a g r a t e  which r e c e i v e s  
g r a i n  from a t r u c k  o r  r a i l  c a r  and t r a n s f e r s  i t  t o  t h e  l e g  boot. 

g a l l e r y :  Enclosed a r e a  loca t ed  on top of t h e  b ins  which con ta ins  t h e  b e l t s  
and a u x i l l i a r y  equipment used t o  t r a n s f e r  t h e  g r a i n  t o  t h e  bins.  
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garne r :  A surge  b in  which cont inuous ly  r e c e i v e s  g r a i n  from t h e  l e g  and 
t r a n s f e r s  i t  i n t e r m i t t e n t l y  t o  t h e  s c a l e .  

hardhat :  Large ha tch  ( 3 f t  i n  d i ame te r )  which i s  used f o r  t h e  primary 
f i l l i n g  of a tanker .  

headhouse: S t r u c t u r e  l o c a t e d  a t  t h e  top  of t h e  e l e v a t o r  which con ta ins  
t h e  d r i v e  appara tus  and top of t h e  l e g  where g r a i n  i s  dumped from t h e  
buckets.  

hopper c a r :  A f r e i g h t  c a r  w i th  a removable top and a f l o o r  s lop ing  t o  one 
o r  more hinged d ischarge  doors  which i s  used t o  t r a n s p o r t  g ra in .  

in land  te rmina l  e l e v a t o r :  A n  e l e v a t o r  which func t ions  a s  a s t o r a g e  o r  t r a n s -  
f e r  house, s h i p s  g r a i n  by r a i l ,  t r u c k ,  and poss ib ly  barge,  and has  
a l e g  c a p a c i t y  of a t  l e a s t  35,000 bu/hr .  

l eg :  Enclosed bucket e l e v a t o r  which t r a n s p o r t s  g r a i n  from t h e  bottom t o  
t h e  top  of t h e  e l eva to r .  

p o r t  t e rmina l :  E leva tor  loca ted  a t  a s e a p o r t  wi th  a t  l e a s t  35,000 bu/hr  
r ece iv ing  l e g  c a p a c i t y  which r e c e i v e s  z r a i n  by t ruck ,  r a i l ,  o r  barge 
wi th  shipments by ship.  

rack  d rye r :  Type of g r a i n  d rye r  i n  which a i r  enters from one s i d e  and c i r -  
c u l a t e s  through g r a i n  which i s  f a l l i n g  over  a s e r i e s  of racks  and e x i t s  
through t h e  oppos i t e  s ide .  

t anker :  Ship designed f o r  c a r r y i n g  l i q u i d s  which can be used f o r  g r a i n  
t r a n s p o r t .  The hold has  a s e r i e s  .of decks which have "hardhat" and 
"but terworth" ha tches  f o r  g r a i n  loading.  

r-in,."-. - - - ~ ~ - - .  .I d-...i=- ir. e.".- g - 1 l - q .  yb:ch is cs-6 t^ tr,-r.sfor thg *+ -s in  f r n m  ------ 
t h e  conveyor t o  t h e  proper  bin. 

tunnel :  The a r e a  underneath t h e  b ins  which con ta ins  a conveyor b e l t  f o r  
t r a n s f e r  of t h e  g r a i n  from t h e  b ins  t o  t h e  boot. 

'tween decker:  An o l d e r  type  of s h i p  used t o  t r a n s p o r t  g ra in .  The hold 
has  two h o r i z o n t a l  cargo decks wi th  a l a r g e  opening i n  t h e  cen te r .  
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