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. . . .., 

INTRODUCTION 

Standards o f  performance under sec t i on  111 o f  the  Clean A i r  

Act are nrooosed f o l l o w i n o  a d e t a i l e d  i n v e s t i q a t i o n  o f  a i r  p o l l u t i o n  

c o n t r o l  methods ava i l ab le  t o  the  a f f e c t e d  i n d u s t r y  and the  impact 

o f  t h e i r  costs on the indus t ry .  

i n fo rma t ion  obtained from such a study o f  the  g ra in  e leva to r  

7ndustr.v. I t s  Duroose i s  t o  exp la in  i n  d e t a i l  the background and 

basis o f  the orooosed standards and t o  f a c i l i t a t e  ana lys is  o f  the 

proposed standards by i n t e r e s t e d  oersons, i n c l u d i n g  those who may 

n o t  be f a m i l i a r  w i t h  t h e  many techn ica l  aspects o f  the  i ndus t r y .  

To ob ta in  add i t i ona l  cooies o f  t h i s  document o r  the  Federal Regis ter  

n o t i c e  o f  proposed standards, w r i t e  t o  t h e  Pub l ic  In fo rmat ion  Center 

(PM-215), Environmental Pro tec t ion  Agency, Washington, D. C. 

( spec i f y  name o f  document). 

This document sumnarizies the  

20460 

AUTHORITY FOR THE STANDARDS 

Standards o f  oerformance f o r  new s t a t i o n a r y  sources are 

developed under sec t i on  111 o f  the  Clean A i r  Act  (42 U.S.C. 1867~-63,  

as amended i n  1970. Sect ion 111 requ i res  the establ ishment o f  

standards o f  nerformance f o r  new s t a t i o n a r v  sources o f  a i r  p o l l u t i o n  

which 'I. . .may con t r i bu te  s i g n i f i c a n t l y  t o  a i r  p o l l u t i o n  which 

causes o r  con t r i bu tes  t o  t h e  endangerment o f  p u b l i c  h e a l t h  o r  

we l fa re . "  The Act  requ i res  t h a t  standards o f  performance f o r  such 
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sources r e f l ec t  'I. . . the degree of emission l imitation achievable 

through the aDolication o f  the best system of emission reduction 

which (taking i n t o  account the cos t  of achievinq such reduction) 

the Administrator determines has been adequately demonstrated." 

The standards apoly only t o  s ta t ionary sources, the construction 

o r  modification of which comences a f t e r  requlations are proposed 

by Dublication i n  the Federal Register. 

Section 111 prescribes three steps t o  follow in  establishinq 

standards of performance. 

1 .  The Administrator must ident i fy  those categories of 

s ta t ionary sources f o r  which standards of oerformance 

will ultimately be promulqated by l i s t i n g  them i n  the 

Federal Register. 

The requlations aDpliCahle t o  a cateqory so l i s t e d  must 

be proposed by publication i n  the Federal Register 

w i t h i n  120 days of i t s  l ist ing.  

interested persons a n  opportunity fo r  comment. 

W i t h i n  90 days a f t e r  oronosal, the Administrator must 

promulgate standards w i t h  anv a l te ra t ions  he deems 

appropriate. 

2. 

T h i s  orooosal provides 

3. 

Standards of Performance, by themselves, do n o t  quarantee 

protection of health or  welfare; t h a t  i s ,  they  are not desiqned 

t o  achieve anv  spec i f ic  a i r  qual i ty  levels .  Rather, they are 

desiqned t o  r e f l ec t  best  demonstrated technoloqy (takinq into 

account costs)  f o r  the affected sources. The overridinq ourpose 
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of the col lect ive body of standards i s  t o  maintain exis t ing air 

qual i ty  and to  p r e v e n t  new pollution problems from developing. 

Previous legal challenges t o  standards of performance have 

resulted i n  several court decisions1 s 2  of importance in  developing 

future standards. In those cases,  the princioal issues were whether 

EPA: (1) made reasoned decisions and f u l l y  explained the basis 

of the standards, ( 2 )  made available t o  interested par t ies  the 

information on which the standards were based, and ( 3 )  adequately 

considered s igni f icant  c o m n t s  from interested oar t ies .  

Among other things, the court decisions estahlished: (1)  tha t  

preparation of an environmental impact statement i s  not necessary 

f o r  standards develooed under section 111 of the Clean Air Act 

because under this section EPA must consider any counter-productive 

environmental e f fec ts  of a standard in determining what system 

of control i s  "best;" ( 2 )  in  considerina costs i t  i s  n o t  necessary 

t o  provide a cost-benefit  analysis;  ( 3 )  EPA i s  n o t  required t o  

j u s t i f y  standards tha t  require d i f fe ren t  levels  of control 

i n  d i f fe ren t  industries unless such different standards may be 

unfairly discriminat0r.y; and (4 )  i t  i s  su f f i c i en t  fo r  EPA t o  show 

tha t  a standard can be achieved rather than tha t  i t  has been 

achieved by existing sources. 

Promulgation of standards of performance does n o t  prevent 

S ta te  o r  local agencies from adooting more s t r ingent  emission 

l imitations f o r  the same sources. On the contrary, section 116 

of the Act (42 U.S.C. 1857-D-1) makes c l ea r  t ha t  States  and 

other po l i t i ca l  subdivisions may enact more r e s t r i c t ive  standards. 
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Furthermore, i n  heavily oolluted areas more stringent standards may 

be required under section 110 o f  the Act (42 U.S.C. 1857c-5) in 

order t o  a t t a in  or maintain National Ambient Air Quality Standards 

nrescribed under section lr19 (42 U.S.C. 1857c-4). 

makes c lear  t ha t  a State  may not adopt o r  enforce less  s t r ingent  

new source oerfonance standards than those adooted b.y EPA under 

section 111. 

Finall,v, section 116 

Although standards of Derfonance a re  normally structured in 

terms of numerical emission l imi t s  where feas ib le ,  a l ternat ive 

aonroaches are sometimes necessar,v. 

ment  of emissions from a new source may be imnractical o r  exorbitantly 

exnensive. 

vessels for  netroleum liquids occur d u r i n g  storage and d u r i n g  tank 

f i l l i n g .  

periods d u r i n g  f i l l i n q  and low concentrations fo r  longer  periods 

d u r i n g  storage) and the confiquration of storage tanks make direct 

emission measurement highly imoractical. 

approach t o  standards of  oerformance fo r  storage vessels has been 

equiomnt specifications.  

SELECTION OF CATEGORIES OF STATIONARY SOURCES 

I n  some cases ohysical measure- 

For examole, emissions of hvdrocarbons from storage 

The n a t u r e  of the emissions ( h i q h  concentrations fo r  short  

Therefore, a more nractical  

Section 111 directs the Administrator t o  nublish and from time 

t o  time revise a l i s t  of categories of sources f o r  which standards 

of  performance a r e  t o  be nrooosed. 

'I. . . i f  [the Administrator] determines i t  ma.v contribute s ignif icant ly  

to  a i r  pollution which causes o r  contributes to  the endangerment 

of nuhlic health o r  welfare." 

A category i s  to  be selected 

v i i i  
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Considerable a t tent ion has been qiven t o  the develonment of 

a methodology f o r  assiqninq p r io r i t i e s  t o  various source categories. 

In br ie f ,  the approach tha t  has evolved i s  as follows: 

areas of emphasis are ident i f ied by considering the broad s t ra teay 

of the Aqency fo r  implementing the Clean Air Act. 

are actually pollutants which are primarily emitted by s ta t ionary 

sources. 

evaluated and ranked takinq into account such factors  as (1 )  the level 

of emission control ( i f  any)  already required by State  regulations; 

(2 )  estimated levels of control t h a t  miqht resu l t  from standards of 

performance f o r  the source categorv; ( 3 )  projections of growth and 

replacement of exis t inq f a c i l i t i e s  f o r  the source cateo0r.v; and ( 4 )  the 

estimated incremental amount of a i r  pollution t h a t  could he prevented, 

in a preselected future vear, by standards of Performance fo r  the 

source category. 

Specific 

Often, these "areas" 

Source categories which emit these 001 lutants  are then 

An estimate i s  then made of the time required t o  develop 

In some cases,  i t  may not be feasible  t o  develop a s t a n d a r d .  

a standard inunediate1.v fo r  a source category w i t h  a hiah nri0rit.y. 

This circumstance might occur because a proqram of research and 

development i s  needed to  develop control techniques o r  because 

techniques for samplinq and measuring emissions may require refinement. 

Selection of a source categ0r.y f o r  standards development leads 

to  another major decision: determination of the t.voes of sources 

o r  f a c i l i t i e s  t o  which standards will ano1.v. A source cateq0r.v 

often has several f a c i l i t i e s  t ha t  cause a i r  pollution. Emissions 
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from some of these f a c i l i t i e s  may be ins igni f icant  o r  verv expensive 

t o  control.  

the  costs tha t  an owner could reasonably afford,  ai.r pollution 

control is be t t e r  served by applying standards t o  the most severe 

ool lut ion oroblems. 

may be no adequately demonstrated system to  control emissions 

from cer ta in  f a c i l i t i e s ) ,  standards often do not apply t o  a l l  

sources within a categ0r.y. For s imi la r  reasons, the standards 

may not apply to a l l  a i r  pol lutants  emitted by such sources. 

sequently, although a source category may be selected t o  he 

covered by standards of oerfomance, not a l l  ool lutants  or 

faci  1 i ties w i t h i n  t h a t  source category may be covered by the standards. 

PROCELIURE FOR DEVELOPMENT OF STANDARDS OF PERFORMANCE 

An investigation of economics may show t h a t ,  w i t h i n  

For t h i s  reason ( o r  perhaps because there 

Con- 

.- 

Congress mandated t h a t  sources regulated under sect ion 111 

of the Clean Air Act u t i l i z e  the best  system of a i r  pollution 

control (considering cost)  t ha t  has been adequately demonstrated 

a t  the time of t h e i r  design and construction. 

sought to:  

In so doing, Congress 

1.  Maintain ex is t ing  air qua l i ty  

2 .  

3. Ensure uniform national standards fo r  new f a c i l i t i e s .  

Standards of performance, therefore ,  must (1) r e a l i s t i c a l l y  

Prevent new air pollution problems, and 

r e f l e c t  best  demonstrated control prac t ice ;  ( 2 )  adequately consider 

the cost  of such control ;  ( 3 )  be applicable t o  exis t inq sources 

t h a t  are  modified as well as new i n s t a l l a t i o n s ;  and (4 )  meet these 

' 
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cond i t ions  f o r  a l l  v a r i a t i o n s  o f  onera t inq  cond i t ions  beinq considered 

anvwhere i n  t h e  countrv.  

The ob jec t i ve  o f  a nroqram f o r  develoninq standards o f  nerformance 

i s  t o  i d e n t i f v  the best  system o f  emission reduc t ion  which "has been 

adequatelv demonstrated (consider inq costs)  ." 
o f  sec t i on  111 and the  cou r t  dec is ions r e f e r r e d  t o  e a r l i e r  make c l e a r  

The l e g i s l a t i v e  h i s t o r v  

. 

t h a t  the Admin i s t ra to r ' s  Sudqment o f  what i s  adequately demotistrated 

i s  n o t  l i m i t e d  t o  systems t h a t  are i n  ac tua l  r o u t i n e  use. 

the i n v e s t i g a t i o n  mav inc lude a techn ica l  assessment o f  con t ro l  systems 

which have been adequatelv demonstrated b u t  f o r  which there  i s  

l i m i t e d  onerat ional  experience. 

"dearee o f  emission l i m i t a t i o n  achievahle" i s  based on r e s u l t s  o f  

t e s t s  o f  emissions from e x i s t i n g  sources. Th is  has requ i red  worldwide 

i n v e s t i g a t i o n  and masurement o f  emissions from con t ro l  svstems. Other 

count r ies  w i t h  h e a v i l y  r~onulated,  i n d u s t r i a l i z e d  areas have sometimes 

develoned more e f f e c t i v e  svstems o f  c o n t r o l  than those i n  the  Uni ted States.  

Since the  best  demonstrated systems o f  emission reduc t ion  may no t  

be i n  widesnread use, the  data base upon which standards are developed 

mav be somewhat l i m i t e d .  

are an obvious s t a r t i n g  p o i n t  i n  developing emission l i m i t s  f o r  new sources. 

However, s ince  the  con t ro l  o f  e x i s t i n g  sources qenera l l v  renresents 

r e t r o f i t  technologv o r  was o r i g i n a l l y  designed t o  meet an e x i s t i n g  State 

o r  l o c a l  regu la t ion ,  new sources mav be able t o  meet more s t r i n q e n t  

emission standards. Other in fo rmat ion ,  however, i s  a l so  considered 

and judqment i s  necessar i l y  invo lved i n  develoning standards. 

Consequently, 

I n  most cases, determinat ion o f  t h e  

Test data on e x i s t i n g  w e l l - c o n t r o l l e d  sources 
.. . 
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A orocess f o r  the development of a standard has evolved. In general, 

i t  follows the guidelines below. 

1 .  Emissions from existing well-controlled sources are measured. 

2 .  Data on emissions from such sources a re  assessed w i t h  

consideration f o r  such fac tors  as: ( a )  the renresentative- 

ness o f  the source tested (feedstock, operation, size, aae, 

e t c . ) ;  ( b )  the age and maintenance of the control equinment 

tested (and possible dearadation i n  the efficiency of control 

of s imilar  new equipment even with good maintenance nrocedures); 

(c)  the design uncertainties f o r  the t,ype of control equinment 

being considered; and (d) the degree of uncertaint,y tha t  new 

sources will be able t o  achieve s imi l a r - l eve l s  of control. 

3. Durina develooment of the standards, information from 

p i l o t  and prototype in s t a l l a t ions .  guarantees by vendors 

of control equioment, contracted ( b u t  n o t  ye t  constructed) 

projects ,  foreign technology, and published l i t e r a t u r e  are 

considered, esneci a1 ly  f o r  sources where "emerging" techno1 oqv 

amears  s i  p n i  f i can t  . 
4 .  Where possible,  standards a re  develooed which permit the 

use of more than one control technique o r  licensed nrocess. 

Where possible,  standards a re  develoned t o  encourage (or  

a t  l e a s t  oermit) the use o f  orocess modifications or  new 

processes as a method of control ra ther  than "add-on" systems 

of a i r  nollution control.  

5. 

x i  i 
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6. Where possible, standards are developed t o  oermit systems 

capable of controll inq more than one pollutant ( fo r  examole, 

a scrubber can remove both gaseous and nar t iculate  matter 

emissions, whereas an e l e c t r o s t a t i c  precipi ta tor  i s  soecif ic  

to nar t iculate  matter). 

7. Where aporooriate, standards fo r  v i s ib l e  emissions are 

develoned in  conjunction with concentration/mass emission 

standards. The opacity standard i s  established a t  a level 

which will require prooer operation and maintenance of the 

emission control system ins ta l led  t o  meet the concentration/ 

mass standard on a dav-to-day bas is ,  h u t  n o t  require the 

in s t a l l a t ion  of a control system more e f f i c i en t  or exoensive 

t h a n  t ha t  required by the concentration/mass standard. In 

some cases, however, i t  i s  not oossible t o  develoo concen- 

t ra t iodmass  standards, such as w i t h  sources of fugi t ive 

emissions. 

standards may be developed to  l imi t  emissions. 

In these cases,  opacity standards or  equipment 

CONSIJERATION OF COSTS 

Section 111 of the Clean Air Act requires tha t  costs be considered 

i n  develooinq standards of oerformance. T h i s  reouires an assessment 

of the oossible economic e f fec ts  of imolementinq various levels  of 

control technoloqy i n  new olants w i t h i n  a qiven i n d u s t r v .  

step in  th i s  analysis requires the qeneration of estimates of ins ta l led  

caoital  costs and annual opera t inq  costs f o r  various demonstrated control 

The f i r s t  
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systems, w i t h  each control system a l t e rna t ive  h a v i n g  a d i f fe ren t  overall 

control capabi1it.y. The f ina l  step in the analvsis i s  t o  determine 

the economic imoact of the various control a l te rna t ives  unon a new olant  

i n  the  industry. The fundamental question t o  be addressed i s  whether 

o r  n o t  a new olant  would be constructed i f  a cer ta in  level of control 

costs will be incurred. 

e f f ec t s  of control costs upon oroduct or ices  and oroduct suool ies ,  

and producer orof i  t a b i l i  t y .  

Other aspects t ha t  a re  analyzed are  the 

The economic imoact of a orooosed standard uoon an industry i s  

usually addressed both i n  absolute terms and by comparison w i t h  the 

control costs  t h a t  would be incurred as a r e su l t  of compliance w i t h  

typical existinq Sta te  control requlations.  This incremental aooroach 

i s  taken since a new plant would be required t o  comoly w i t h  State  

requlations i n  the absence of a Federal standard o f  oerfcrmance. This 

approach requires a detai led analysis of the imuact upon the industry 

resul t inq from the cost  d i f fe ren t ia l  t h a t  ex i s t s  between a standard 

of performance and the typical S t a t e  standard. 

The costs fo r  control of a i r  ool lutants  are  not the only, control 

costs  considered. Total environmental costs  fo r  control of water 

ool lutants  as well as a i r  ool lutants  are  analyzed wherever oossible.  

A t h o r o u q h  study of the o r o f i t a b i l i t y  and or ice-set t ing mechanisms 

of the industry i s  essent ia l  t o  the analysis so tha t  an accurate 

estimate of potential  adverse economic imoacts can be made. I t  i s  

a l so  essent ia l  t o  know the caoi ta l  requirements placed on plants 
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in the absence of Federal standards of nerformance so t h a t  the 

additional caoital  requirements necessitated bv these standards 

can be placed i n  the oroper persnective. 

to recoqnize any constraints on capital  ava i l ab i l i t v  w i t h i n  an 

industry as this fac tor  a lso influences the a b i l i t y  of new plants 

t o  qenerate the canital  required fo r  i n s t a l l a t ion  of the additional 

Finally,  i t  i s  necessarv 

control equipment needed t o  meet the standards of  oerformance. 

CONSIDERATION OF ENVIRONNENTAL IMPACTS 

Section lr)2(2)(c) of the National Environmental Policy Act (NEPA) 

of 1969 ( P L  91-190) requires Federal agencies t o  prepare detailed 

environmental impact statements on pronosals f o r  legis la t ion and other 

major Federal actions s ignif icant ly  affect ing the qual i ty  of the 

human environment. The objective of NEPA is  t o  build in to  the 

decision-making Process of Federal agencies a careful consideration 

of a l l  environmental aspects of prooosed actions.  

As mentioned e a r l i e r ,  in  a number of legal challenges t o  standards 

of oerfonnance for  various industr ies ,  the Federal Courts of Appeals 

have held t h a t  environmental impact statements need not he orenared 

by the Agency f o r  proposed actions under section 111 of the Clean 

Air Act. Essentially,  the Federal Courts of Appeals have determined 

tha t  "...Section 111 of the Clean Air Act, orooerly construed, requires 

the functional equivalent of a NEPA imoact statement" i n  the sense tha t  

the c r i t e r i a  'I.. . the best  s.ystem of emission reduction," ". . . require(s) 

the Administrator t o  take i n t o  account counter-oroductive environmental 

e f fec ts  on a proposed standard, as well as economic costs t o  the indus t rv  ..." 
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On t h i s  bas is ,  therefore,  the Courts "...establish(ed) a narrow 

681 ,2 exemption f rom NEPA f o r  EPA determinat ions under sec t i on  111. 

I n  a d d i t i o n  t o  these j u d i c i a l  determinat ions,  t h e  Energ,y Supolv 

and Environmental Coordinat ion Act  (ESECA) o f  1974 (PL 93-319) 

s o e c i f i c a l l y  exempted proposed ac t i ons  under t h e  Clean A i r  Act from 

NEPA requirements. According t o  sec t i on  7 ( c ) ( l ) ,  "No a c t i o n  taken 

under the  Clean A i r  Act  s h a l l  be deemed a major Federal a c t i o n  

s i g n i f i c a n t l y  a f f e c t i n g  the q u a l i t y  o f  t h e  human environment w i t h i n  

the  meaning o f  the  Nat ional  Environmental P o l i c y  Ac t  o f  1969." 

The Agenc,v has concluded, however, t h a t  t h e  preoara t ion  o f  

environmental imoact statements cou ld  have b e n e f i c i a l  e f f e c t s  on 

c e r t a i n  r e g u l a t o r y  ac t ions .  

t o  do so by sec t i on  102(2)(c)  of NEPA, environmental impact statements 

w i l l  be prepared f o r  var ious regu1ator.y ac t ions ,  i n c l u d i n g  standards 

o f  performance developed under s e c t i o n  111 o f  the  Clean A i r  Act. 

vo1untar.y Preparat ion o f  environmental imoact statements, however, 

i n  no way l e g a l l y  sub jec ts  the Agency t o  NEPA requirements. 

Consequently, w h i l e  n o t  l e g a l l y  requ i red  

This 

To implement t h i s  po l i cy ,  there fore ,  a separate s e c t i o n  i s  

inc luded i n  t h i s  document which i s  devoted s o l e l y  t o  an a n a l y s i s .  

o f  the  p o t e n t i a l  environmental impacts associated w i t h  the  proposed 

standards. Both adverse and b e n e f i c i a l  impacts i n  such ar@as as a i r  

and water p o l l u t i o n ,  increased s o l i d  waste disoosal  and increased energy 

consumption ~. . a re i d e n t i f i e d  and discussed. 

INPACT ON EXISTING SOURCES 

Standards of performance may a f f e c t  e x i s t i n g  sources i n  e i t h e r  

o f  two ways. Sect ion 111 of the  Ac t  de f ines  a new source as "any 

i 
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s t a t i o n a r y  source, the cons t ruc t i on  o r  m o d i f i c a t i o n  o f  which i s  

conmienced a f t e r  the standards a r e  nroposed. " 

an e x i s t i n g  source i s  mod i f ied  a f t e r  proposal  o f  the' standards, 

w i t h  a subsequent increase i n  a i r  o o l l u t i o n ,  i t  i s  sub jec t  t o  

standards o f  performance. 

o f  Subpart A o f  40 CFR P a r t  60 t o  c l a r i f y  t h e  meaning o f  t h e  term 

mod i f i ca t i on  were promulgated on December 16, 1975 (40 FR 58416).] 

Consequently, i f  

[Amendments t o  the  general p rov is ions  

Second, promulgat ion o f  a standard o f  performance requ i res  

States t o  e s t a b l i s h  standards o f  performance f o r  e x i s t i n g  sources 

i n  the  same i n d u s t r y  under sec t i on  l l l ( d 1  o f  the  Act;  unless the 

standard f o r  new sources l i m i t s  emissions o f  a p o l l u t a n t  f o r  

which a i r  q u a l i t y  c r i t e r i a  have been ( o r  w i l l  be) issued under 

sec t ion  108 o r  one l i s t e d  as a hazardous p o l l u t a n t  under sec t i on  112. 

If a S ta te  does no t  act ,  EPA must e s t a b l i s h  such standards. [General 

p rov i s ions  o u t l i n i n g  orocedures f o r  c o n t r o l  o f  e x i s t i n g  sources under 

sec t i on  l l l ( d )  have been promulgated on iiovember 17, 1975, as Subpart 

d-of 40 CFR Par t  60 (40 FR 53340).] 

R E V I S I O N  OF STANDARDS OF PERFORMANCE 

~ 

.~ . .  

EBngress was aware t h a t  the  l e v e l  o f  a i r  p o l l u t i o n  con t ro l  

achievable by any i n d u s t r y  may imnrove w i t h  technologica l  advances. 

Accordingly,  sec t i on  111 o f  the  Act prov ides t h a t  the Admin is t ra to r  

m a y  r e v i s e  such standards f rom t ime t o  t ime.  

and promulgated by EPA under sec t i on  111 are designed t o  requ i re  

i n s t a l l a t i o n  o f . t h e  "...best system of emission reduct ion. .  . ( t ak ing  

i n t o  account the cos t ) .  ..I' t h e  standards are  reviewed p e r i o d i c a l l y .  

Although standards proposed 

x v i i  



Revisions a re  proposed and oromulgated as necessary t o  assure 

t h a t  the standards continue to  r e f l e c t  the best systems of emission 

control as they become available i n  the future.  Such revisions are 

not retroactive b u t  apply t o  s ta t ionarv sources constructed or 

modified a f t e r  proposal o f  the revised standards. 
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1. SUMMARY 

1.1 PROPOSED STANDARDS 

Standards of performance for  new and modified grain elevators 

are being proposed under authority of section 111 of the Clean 

Air Act. 

emitted, will be controlled from these sources. Preceding 

the act o f  proposal .has been the Administrator's determination 

t h a t  emissions from grain elevators contribute t o  the endangerment 

of the public health or  welfare. 

of the Clean Air Act, proposal of the standards was preceded 

by consultation w i t h  appropriate advisory committees, independent 

experts, industry representatives,  and Federal departments and 

agencies. 

Par t iculate  matter, the only s igni f icant  pollutant 

In accordance w i t h  section 117 

The proposed standards l imi t  emissions of par t iculate  matter 

from e i g h t  affected f a c i l i t i e s  and the a i r  pollution control devices 

which are used on these f a c i l i t i e s .  

are: 

unloading s ta t ion ,  equipment a t  each barge and s h i p  unloading s t a t ion ,  

a l l  grain handling operations, each grain dryer, each truck loading 

s ta t ion ,  each railroad hopper car  and boxcar loading s t a t ion ,  and each 

barge and ship loading s ta t ion .  

v i r tua l ly  a l l  of the par t iculate  matter emissions from a grain 

elevator.  

There are no stack monitoring requirements in the proposed standards 

because the costs involved were judged not @e be reasonable by EPA. 

.. -. 

The e i g h t  affected f a c i l i t i e s  

each truck unloading s ta t ion ,  each railroad hopper car  and boxcar 

These eight f a c i l i t i e s  account for  

A summary of the proposed standards is  presented i n  Table 1-1.  
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Table 1-1. Summary of Proposed Standards 

Affected F a c i l i t i e s  and 
Air Pollution Control Devices 

Truck Unloading  Stations 

Railcar Unloading Stations 

Barge and S h i p  Unloading Equipment 

Handling Operations 

Dryers 

Truck Loading Stat ions 

I Rai lcar  Loading Stat ions -~ 
Barge and S h i p  Loading Stat ions 

Air Pollution Control Devices 
On These Affected Fac i l i t i e s  

Proposed Standards 

0% Opacity 

No Visible Emissions 

.Equipment Specifications 

0% Opacity 

(Column dryers would be considered i n  com- 
pliance d t h  the standard provided the 
,diameters of a l l  column plate  perforations 
do not exceed 2.1 m [ca. 0.084 inch]. and 
rack dryers would be i n  complfance provided 
a l l .  e x h a x = s p 8 s s - - t h k u g h  -. a 50 or  .. 
finer mesh screen f i l ter .)  

10% Opacity 

0% Opacity 

10% Opacity - General Loading 
15% Opacity - "Topping Off" Operations 

0.023 g/std.  m3 dry basis (0.01 gr/dscf) 
and 0% Opacity 

- 
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The proposed standards apply t o  farm elevators ,  country 

elevators ,  t e n i n a l  elevators,  and commercial r i ce  dryers which 

have g r a i n  leg capacit ies greater  t h a n  352 m3/h (ca. 10,000 bu/hr) 

and to storage elevators a t  wheat f lour  mi l l s ,  wet corn mi l l s ,  

dry corn mills (human consumption), r i c e  mills, o r  soybean 

extraction plants.  The proposed limits are:  (1)  0.023 g / s t d .  m3 

dry basis and zero percent opacity from a i r  pollution control devices 

on any affected f a c i l i t y  except grain dryers;  ( 2 )  zero percent 

opacity from any truck unloading s t a t i o n ,  grain handling 

operation, ra i l road hopper car loading s ta t ion  or ra i l road 

boxcar loading s t a t ion ;  (3) no v i s ib l e  emissions from any rai l road 

hopper car  unloading s ta t ion  or  ra i l road boxcar unloading 

s t a t ion ;  (4)  ten percent opacity from any truck loading s t a t i o n ;  

(5) ten percent opacity,  except t h a t  the opacity may not exceed 

f i f teen  percent d u r i n g  topping-off operations,  from any barge 

or shtp loading s t a t ion ;  ( 6 )  zero percent opacity from any grain 

grain (column dryers would be considered i n  compliance w i t h  the 

standard provided the diameters o f  a l l  column plate  perforations 

do n o t  exceed 2.1 mm [ca. 0.084 inch] and rack dryers would be i n  

compliance provided a l l  exhaust gases pass t h r o u g h  a 50 or f i n e r  

mesh screen f i l t e r ) ;  ( 7 )  operation of a leg which is  enclosed from the 

t o p  (including the receiving hopper) t o  the center l i n e  of the 

bottom pulley, and vent i la t ion of a t  l e a s t  32.1 actual cubic meters per 

cubic meter .of grain handling capacity (ca .  40 ftS/bushel)  t o  a p a r t i -  

culate  control device on both sides of the leg and the grain receiving 

hoDDer, a t  any barge or  s h i p  unloading s ta t ion .  

- 
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1.2 ENVIRONMENTAL IMPACT 

A sumnary of the beneficial and adverse environmental and 

economic impacts associated w i t h  the proposed standards and 

w i t h  the various a l te rna t ive  control systems tha t  were considered 

are presented i n  this section. 

de t a i l  i n  Chapter 7, Environmental Effects ,  and Chapter 6, 

Economic Impact. 

impacts. 

These impacts a re  discussed i n  

Table 1-2 i s  a matrix which sumarizes  these 

Alternative s y s t m  number 1 is  the baseline system t o  

which the impacts associated with the other a1 ternat ive systems 

can be compared. 

demonstrated control technology, considering costs.  

system nurber 3 is  the best possible control technology. In 

Some cases,  systems 2.and 3 are  ident ica l .  

Alternative system number 2 i s  the best  

A1 t e rna t ive  

These a l te rna t ive  

systems are  described i n  detai l  i n  Chapter 4, Emission Control 

Technology. 

Large beneficial impacts on a i r  qual i ty  will  r e su l t  from 

a l te rna t ive  systems 2 and 3 due t o  the reduction i n  par t icu la te  

matter emissions. There are no impacts on water supply o r  

treatment f o r  these a l te rna t ive  systems because a l l  of the 

air  pollution control devices required are dry col lector  units. 

There will be a minimal adverse impact on so l id  waste col lect ion 

and disposal due t o  the use o f  more e f f i c i e n t  par t icu la te  col lect ion 

devices. T h i s  is ,  however, considered negligible by EPA. Adverse 

energy impacts will be associated with each of the a l te rna t ive  

systems. These impacts are  considered small and r e s u l t  primarily 
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from the increased energy requirements of fabr ic  f i l t e r s  over 

cyclone control devices. 

the use of any of the a l te rna t ive  control systems have not 

been quantified.  

grain elevators are  usually located outside o f  buildings a t  

e i the r  roof or ground level .  A1 though fans are  noisy, they 

are already required f o r  collection systems now used t o  meet 

ex is t ing  s t a t e  regulations. Therefore, any Federal standard 

will  n o t  introduce new noise problems b u t  may s l igh t ly  increase 

the exis t ing noise leve ls .  There a re  no known o r  anticipated 

radiat ion impacts from gra in  elevator operations. The economic 

impacts associated with a l te rna t ive  system 2 have been judged 

t o  be small. 

demonstrated control technology fo r  this system. Costs were 

not considered i n  determining the best possible control technology 

f o r  a l t e rna t ive  system 3 and the adverse economic impact i s  great .  

Impacts on noise levels  due t o  

The control devices and exhaust fans a t  

Costs were considered in determining the best  

Two additional a l te rna t ives  have also been considered: the 

impact o f  delayed standards and the impact of no standards. 

In both cases the adverse impact on a i r  qual i ty  would be moderate' 

t o  large,  since the new and modified f a c i l i t i e s  t h a t  would 

otherwise f a l l  under the proposed standards would be allowed 

to  emit par t icu la te  matter a t  ex is t ing  leve ls .  

due t o  these a l te rna t ives  are  negl igible  posi t ive impacts on 

so l id  waste, and noise, and a small posi t ive impact on economics 

and energy consumption. 

Other impacts 

- 
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1.3 INFLATION IMPACT 

The costs associated w i t h  the proposed standards for  new 

and modified f a c i l i t i e s  a t  grain elevators have been judged not 

t o  be o f  such magnitude t o  require an analysis of the inflationary 

impact. . Screening c r i t e r i a  have been developed by EPA t o  be 

used i n  the impact analysis. 

in an Agency publication and include: 

These c r i t e r i a  have been outlined 

(1) National annualized cost  of compliance. 

( 2 )  

( 3 )  

(4 )  

Total added production cost  i n  relation to sales  price. 

Net national energy consumption increase. 

Added demands or  decreased supplies o f  selected materials 

Shou ld  any o f  these guideline values l isted under these c r i t e r i a  

be exceeded, a fu l l  inflationary impact statement is  required. 

The EPA has determined t h a t  t h i s  document does n o t  contain 

a major proposal requiring preparation of an Inf la t ion Impact 

Statement under Executive Order 11821 and OMB Circular A-107. 
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2. TKE GHRAIN-UEVATQR INDIISXRY - 

2.1 GENERAL 

2.1.1 Background In fo rma t io r  
- - .  - 

Grain e leva tors  are used t o  c o n d i t i o n  and s t o r e  g r a i n  as 

i t  moves from the  farm t o  markets. 

c lassed as e i t h e r  "country" o r  " te rmina l . "  The U. S. Department 

o f  A g r i c u l t u r e  (USDA) d i s t i ngu ishes  between country  and terminal  

e leva tors  on the  basis t h a t  te rmina ls  f u r n i s h  o f f i c i a l  weights; 

t h a t  i s ,  each r e c e i p t  o r  shipment i s  weighed under the super- 

v i s i o n  o f  a s t a t e  inspector .  

I n  general ,  e leva tors  are 

. 

Country e leva tors  genera l l y  rece ive  g ra in  o r  soybeans as they are 

harvested i n  f i e l d s  w i t h i n  10 t o  20 m i les  o f  t h e  e leva tor .  

weigh, and s t o r e  the  g ra in  and may dry  o r  c lean i t  before  shipment 

t o  te rmina l  e leva tors  o r  processors. 

f i e d  i n t o  two groups, i n l a n d  ( o r  subterminals)  and p o r t  terminals .  

I n land  te rmina l  e leva tors  rece ive  most o f  t h e i r  g r a i n  from country 

e leva tors  and sh ip  t o  processors, o the r  terminals ,  and exporters.  

O n e f u n c t i o n  o f  an i n l a n d  te rmina l  e leva to r  i s  t o  s t o r e  g r a i n  i n  

q u a n t i t y  and upgrade i t  t o  meet buyer 's  specifications. They a l s o  

They unload, 

Terminal e leva to rs  are c l a s s i -  

- 

dry  and clean gra in ,  as country e leva to rs  do, and a l s o  blend 

d i f f e r e n t  grades o f  g ra in .  1/ 

U T h e  USDA c l a s s i f i e s  each g ra in  i n t o  s i x  grades. No. 1 grade 
gra ins must meet s p e c i f i c  minimum t e s t  weights - (pounds per  bushel )  and 
maximum l i m i t s  on the percent moisture,  f o r e i g n  ma te r ia l  and o the r  
defects  t h a t  lower i t s  value. 
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Port terminals a r e  defined as those located on major watetways 

or in seaports which export agricultural  products. The port  terminal 

provides the same basic functions as an inland terminal, b u t  can 

a l so  load ships and barges. 

Plants which process grain also use elevators t o  receive and 

s to re  the grain. 

intermediates f o r  human or  animal consumption. All of the same 

basic functions performed a t  country or terminal elevators a re  

performed a t  storage elevators owned by processors. 

of grain,  however, would be a r a r i t y .  

These plants process grain in to  food or food 

Shipment 

Table 2-1 shows the quant i t ies  and values of the principal feed 

grains (corn, oa ts ,  barley, and sorghum gra ins) ;  food grains (wheat, 

r i c e ,  and rye) ;  and soybeans produced on the farm since 1940.l The 

la rges t  crop i s  corn w i t h  production about three times t h a t  of 

wheat, the second la rges t  crop. Soybeans (actual ly  an o i l  seed) 

now rank t h i r d  i n  production and second i n  cash value. 

farmer does not se l l  a l l  o f  the grain he harvests. Substantial 

portions of some crops (especial ly  feed grains) are retained f o r  

use as livestock feed and seed. In 1971, 57 percent of the feed 

grains (7.3 b i l l i on  bushels of gra in) ,  94 percent of the food grains,  

and 98 percent of the soybeans were sold by farmers t o  their various 

out le t s .  

The 

Figure 2-T2 shows the d is t r ibu t ion  of wheat, feed grains.  and 

soybeans as they flow from farm t o  market. Although this figure is 
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based on 1963-64 data,  i t  i s  representative of the current movement 

of grains. Based on these data, about 85 percent of the grain sold 

by farms i s  handled by country elevators  before shipment t o  terminal 

elevators or grain processors. 

country elevators.  

larger  trucks,  and more on-farm storage f a c i l i t i e s  make i t  economical 

t o  ship d i rec t ly  t o  more d i s t an t  terminal elevators and processors. 

Country elevators ship 92 percent of  t h e i r  wheat and 87 percent of 

t h e i r  soybeans, b u t  only 56 per cent of the feed grains to  terminal 

elevators.  

processors. 

The other  15 percent bypasses 

This i s  possible largely because improved roads, 

The balance o f  the feed grain i s  shipped d i r ec t ly  t o  

Table 2-2 contains data from the Agricultural S tab i l iza t ion  and 

Conservation Service (ASCS) o f  the USDA on the number and storage 

capacit ies of country and terminal e levators .  (ASCS publishes a 

monthly l i s t  of elevators approved f o r  storage of g r a i n  under govern- 

ment loans.)  

a l l  of the storage capacity in the nation. 

number of both country and terminal e levators  has decreased each 

year since 1969. 

t e n i n a l s  registered in 1972, 413 were inland terminals and only 

64 were port .  

about 600 grain processing plants have elevators 

These numbers represent most of the elevators and nearly 

The data show t h a t  the 

Information from industry shows tha t  of the 477 

In addition t o  the elevators  shown in Table 2 -2 ,  

ASCS data show tha t  the average storage capacity of a country 

elevator  has grown from 363,000 bushels i n  1969 to  441,000 bushels 
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in 1974. Typical storage capaci t ies  of country elevators constructed 

i n  the l a s t  few years range from 200,000 to  750,000 bushels; however, 

many older country elevators have capaci t ies  o f  only a few thousand 

bushels. Terminal e levators  have an average storage capacity of 

nearly 3,900,000 bushels although some have capacit ies in excess 

of twelve times tha t .  

bins added on the original s t ruc tures  and storage in s t ee l  tanks o r  

warehouse-type buildings ( " f l a t  s torage") .  

under one roof i s  18,000,000 bushels. 

processing plants range between 500,000 and 3 million bushels. 

The capacity of these larger  terminals includes 

The la rges t  capacity 

The storage capaci t ies  of 

The current trend of small e levators  going out o f  business will  

probably continue. This i s  n o t  unexpected. Several s tudies  con- 

ducted since 1964 reveal an economy-of-scale fo r  larger  elevators.  

The cost  of marketing grain decreases s ign i f icant ly  i f  elevators 

are larger  than 1,000,000 bushels storage ~ a p a c i t y . ~  More recently,  

there has been a concurrent decrease i n  demand t o  s to re  grain and a 

greater  demand fo r  handling increasingly large quant i t ies  o f  grain 

rapidly. These are  pa r t i a l ly  the r e s u l t  o f :  

1 )  

2 )  

3) 

4)  

the recent upsurge in foreign demand for  grain;  

a steady increase in  domestic demand; 

a trend toward more on-farm storage; 

the reduced amount o f  grain t o  be stored as a r e su l t  o f  1 ,  2 ,  

and 3; 

2-7 



5) 

6)  

a t t r a c t i v e  rai l road t a r i f f s  f o r  multi-car shipments; and 

increasing use of large hopper cars  w i t h  capaci t ies  up t o  80% 

larger  than conventional cars .  

These forces have in i t i a t ed  the construction of elevators with low 

storage capacity and high handling capacity which permits multi- 

car  t r a ins  t o  be quickly loaded. 

such elevators may be bu i l t  by 1980.5 In addition, some existing 

elevators will also be modified t o  gain this a b i l i t y .  

One report  indicates over 100 

True growth i n  the grain processing industr ies  i s  expected t o  be 

slow since 'the per capita consumption of grain products i s  remaining 

constant o r  decreasing. Only soybean processors have s igni f icant  

incentive t o  invest  in new storage capacity. 

the United S ta tes  has increased over 20 fold,  from 70 to  1,567 

million bushels, in less  than 35 years.  

important source of protein fo r  man and animals. 

used in foods, cosmetics, pa in ts ,  and p las t ics .  

Soybean production i n  

Soybeans are  an increasingly 

Soybean o i l  i s  

Country elevators receive almost 100 percent of t h e i r  grain by 

truck. 

t i e s .  

and sh ip  primarily by r a i l  and water. 

by rail., truck, or  barge, depending on the i r  location and f a c i l i t i e s .  

They ship almost exclusively by water. 

They ship primarily by t ruck and r a i l  in near equal quanti- 

Inland terminals receive grain primarily by truck and r a i l ,  

Port  terminals receive grain 

A strong trend 
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i s  the increasing use of water transportation by a l l  three types of 

elevators.  

product by barge, u p  nearly 100 percent from 1970-71. Receipts by 

water a t  port terminals increased from 25 percent in 1970-71 t o  40 

percent in 1971-72. 

inland, and port terminal elevators are summarized in Table 2-3.  

In 1971-72 country elevators shipped 13 percent of t h e i r  

The modes of transportation used by country, 
6 

The quantity of grain handled in  re la t ion  to  the storage capacity 

for  the three types of elevators i s  shown below. 

Country elevators 

I nl and terminals 

Port terminals 

Ratio of grain handled 
t o  storage capacity 6 

1970-71 1971 -72 

1.8 2.0 

1 . 2  1 . 4  

7.7 7.6 

The r a t io  for  p o r t  terminals i s  s ign i f icant ly  greater  than fo r  other 

elevators because the primary purpose i s  not t o  s to re  grain b u t  t o  

receive i t  from inland storage f a c i l i t i e s  and ship i t  t o  overseas 

markets. Data on the actual quant i t ies  of grain handled by elevatoss 

are n o t  d i rec t ly  available; however, these quant i t ies  can be e s t i -  

mated from a number of sources. 

Economic Research Service (ERS) data which covers elevators 

approved for  storage of grain under government loans, t o  cover a l l  

elevators.  This method gives the following estimate: 

One method i s  by extending USDA 
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TABLE 2-3 

TRANSPORTATIO~I MODES FOR RECEIPT ANU SHIPMENT O F  G W I N ~  

Percent Percent 

Received by- Loadou t by- 

- Truck = Water - Truck = Water 

Country Elevators 

1970-71 99.8 0.2 - 49 45 7 

1971-72 99.8 d.2 - 42 44 13 

Inland Terminals 

1 9 70-71 

1971072 

40 55 5 

Port Terminals 

1970-71 15 60 25 

1971 -72 10 50 40 

2-1 0 

15 55 

17 . 4a - 
6 

6 

30 

35 

94 

94 



QUANTITY OF GRAIN HANDLED 

( m i  11 ion bushels) 

Country elevator 

Inland terminal 

Port terminal 

1970-71 

5,318 5,912 

1,574 1,837 

2,717 2,689 

A second method, fo r  country elevators only, i s  t o  use the volume of 

grain sold by farms7 and the corresponding percentage which goes 

t o  country elevators (see Figure 2-1). 

bushels were handled in 1970-71 and 6,288 million in  1971-72. This 

method i s  n o t  applicable t o  inland and port  terminal elevators since 

available data on the d is t r ibu t ion  of grain, shown in  Figure 2-1, 

are not defined in these terms. 

By th is  method, 5,190 million 

A1 though elevators are located t h r o u g h o u t  the United S ta tes ,  the 

major concentration i s  in the grain producing s t a t e s  in the Mid- 

Plains,  Sou th  Plains,  and Great Lakes regions.q Kansas has the 

la rges t  grain storage capacity of any s t a t e  w i t h  13.2 percent of the 

elevators and 15.9 percent of the to ta l  domestic capacity. 

has only 6.5 percent of the elevators ,  b u t  14.0 percent of the to ta l  

Texas 

gMid-Plains: Nebraska, Kansas, Colorado, Wyoming, Iowa, and Missouri; 
South Plains: Oklahoma, New Mexico, and Texas plus Gulf port  f a c i l i t i e s ;  
Great Lakes: Wisconsin, I l l i n o i s ,  Indiana, Ohio, Michigan, and Minnesota. 
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capacity. 

Iowa together account for  51.9 percent of the elevators and 57.7 per- 

cent of the storage capacity. 

located in rural  areas and small towns. Of 6,477 country elevators ,  

87 percent a re  located in areas w i t h  l e s s  than 100,000 inhabi tants .  

The f ive  s t a t e s  of Kansas, Texas, I l l i n o i s ,  Nebraska, and 

Country elevators are  almost exclusively 

Terminal e levators  are located in the principal grain-marketing 

However, there  i s  centers ,  most of which are in  metropolitan areas. 

a recent trend to  build terminals in rural  areas. 

Grain processing f a c i l i t i e s  fo r  wheat, corn, and r i ce  mi l l s ,  

soybean processing plants,  and wet corn mills a r e  located in b o t h  

rural  and urban areas. Although most were or iginal ly  constructed in 

rural  areas ,  many have since been surrounded by metropolitan growth. 

2.1.2 The Emission Problem ; 
There are  four primary functions t h a t  take place in  an elevator  

as shown i n  Figure 2-2: receiving, h a n d l i n g ,  drying, and s h i p p i n g .  

All o f  these are  materials-handling processes ra ther  t h a n  processes 

which a f f ec t  a chemical ebange i n  the product. Par t icu la te  matter, 

which has been designated as a c r i t e r i a  pollutant under section 109 

of the Clean Air Act, is  the main pol lutant ,  although very small 

amounts of combustion products can be emitted from grain dryers 

( these usually operate less  than three months per year and burn 

natural o r  Propane gas) .  The par t icu la te  matter may contain 60-90 
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percent organic material. 

portion may be f ree  silicon (sand from entrained d i r t ) . *  Specific 

materials i n  the par t iculate  matter include par t ic les  of g r a i n  kernels, 

spores of smuts and molds, insec t  debris, pollen, and d i r t  from the 

f i e l d .  

Three t o  20 percent of the inorganic 

The Part iculate  matter can be emitted from almost any point 

i n  the elevator process. Many of the emissions are fugi t ive.  

They become airborne because of ineffectual of nonexistent hooding 

or  pol lutant  capture systems. 

Suspended par t iculate  material has been monitored w i t h  a high 

volume sampler and found t o  be nearly 240 micrograms per cubic meter 

i n  the immediate vicini ty  of grain handling plants. A size dis t r ibut ion 

of these par t iculates  revealed 99.5 percent were less than two microns 

and 50 percent were l e s s  t h a n  0.03 micron i n  diameter. 

par t ic les  will readi ly  invade and af fec t  the small a i r  spaces i n  

the lungs.9 Ambient concentrations of par t icu la te  greater  than 

100 micrograms per cubic meter a re  known t o  have adverse health 

e f fec ts  on humns.l0 

Such small 

Insects,  molds, and fungi associated with grain hand1 i n g  

may a l so  cause respiratory ailments. The e f fec ts  of long-term 

(decade) exposure t o  low concentrations of par t iculate  matter 

from grain are not known. 
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Highly mechanized modern grain elevators without adequate 

par t iculate  matter control equipment can subject workers inside 

the elevator t o  100 t o  400 mil l igram of airborne dust per cubic 

meter, well above the threshold tha t  causes respiratory problems. 

The h i q h  incidence o f  respiratory disease among mil lers ,  bakers, 

and qrain elevator and dock workers is well known. 

2.2 PROCESSES AND EMrSSIONS 

2.2.1 General 

The processes a t  an elevator include receiving (by truck, 

r a i l c a r  and barge), handlinq and conveyinq, drying, and loading 

( i n t o  trucks, r a i l ca r s ,  and aquatic vessels). 

Several factors common t o  each of the processes t h a t  can 

a f fec t  emissions are discussed below. The f i r s t  i s  the character is t ics  

o f  the par t iculate  matter which varies w i t h  the type of grain 

handled. A test  conducted to  determine the magnitude of emissions 

from several elevator processes a lso indicated tha t  emissions from 

soybeans are hiqher t h a n  for  corn, wheat, and milo.’’ 

contain more dir t  since they qrow close t o  the ground and t he  

harvester may scrape u p  ear th  as i t  cuts the p l a n t  o f f .  Corn 

has “beeswings,” large flaky par t ic les  t h a t  readily become 

airborne because o f  t he i r  large surface area and low density. 

They can be a s iqn i f icant  nuisance t o  nearby residents during 

the harvest season. 

another factor .  

Soybeans 

The moisture content of the grain i s  

I t  can vary from 16 t o  over 20 percent a t  
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harvest; however, not enough data on moisture content are  

available t o  quantify i ts  e f f ec t  on emissions. 

is dr ied ,  the moisture content wil l  __ not  -. vary - s igni f icant ly .  

After the grain 

The percentage of "foreign material" o r  "dockage" in grain ( the 

r a t i o  of the weight o f  material other than whole grain kernels t o  

the to t a l  weight) can also a f f e c t  emissions. Most of the foreign 

material may be weed seeds, broken kernels,  d i r t ,  s tones.  ana other  

heavy par t ic les  t h a t  do not cause an emission problem. 

since chaff, straw, and other l i g h t  materials are  a lso present with 

the heavy pa r t i c l e s ,  a h i g h  percentage of foreign matter i s  a rough 

indication of high emissions potent ia l .  The percent foreign matter 

i s  often determined for  each load o f  grain received or  shipped. 

However, 

Country e leva tors ,  operate primarily during the harvest season 

which begins i n  June for wheat and ends w i t h  corn and soybeans i n  

Novmber. Consequently, t h e i r  emissions are  a lso "seasonal ." I n  

contrast ,  terminal elevators may receive and ship grain year  round. 

In most s t a t e s ,  elevators are  subject  t o  general process 

weight regulations for  par t icu la te  emissions. 

has regulations spec i f ic  t o  elcvators.12 

these regulations is  discussed i n  Chapter 4. 

typical s t a t e  regulations can usually be met w i t h  h i g h  

efffcfency cyclones. 

Pennsylvania 

The application of  

In qeneral, 

Grain dryers are addressed spec i f ica l ly  by the s t a t e  of Maryland. 

Their regulations require control of grain dryer emissions with a 
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50-mesn screen or  i t s  equivalent. 

posed regulations to  the I l l i n o i s  Pollution Control Board t h a t  would 

require 50-mesh vacuum-cleaned screens fo r  exhaust gases from rack 

dryers and external sneeting with perforations not exceeding .094 

inch in diameter for column dryers. 

The I l l i n o i s  EPA pro- 

2 .2 .2  Truck Recei-ving 

Grain i s  emptied from most trucks (see Figure 2-3) by l i f t i n g  

tne f ront  end with an overhead winch o r  hydraulic platform to  allow 

grain t o  flow from the t a i lga t e .  

t h r o u g h  a heavy grate  and in to  the receiving hopper. 

The grain f a l l s  from the truck 

Dust-laden 

a i r  can be emitted a s  a i r  i n  the  hopper i s  disolaced b.v w a i n .  A conveycr 

beneath the hopper moves the grain t o  storage bins. 

The s i z e  of the receiving hopper limits the speed a t  which the 

grain can be handled. Small hoppers used a t  country elevators and 

elevators a t  grain processors where grain i s  received a t  a 

re la t ive ly  slow pace minimize a i r  pol lut ion.  -By rapidly f i l l i n g  

with grain,  they "automatically" decrease the f ree- fa l l  distance from 

the truck bed. 

take f ive  to  ten minutes to  empty a truck. 

elevators where large receiving hoppers and hydraulic hois ts  are used, 

a l a rge r  1000 bushel truck i s  often emptied in  two minutes. 

When this "choke feed" principle occurs, i t  may 

A t  subterminal and terminal 
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Some trucks have t r a i l e r s  with three or four "hoppers" from which 

grain i s  emptied th rough  a small opening in the bottom of each hopper. 

Comparatively l i t t l e  par t icu la te  matter evolves when hopper trucks 

are unloaded s ince the grain flows slowly. 

I n  climates where i t  is  desirable  t o  protect  the receiving 

hopper, often a roof and  two s ides  a r e  b u i l t  so tha t  trucks can 

drive through rapidly. 

Uncontrolled par t icu la te  emissions from truck dumping a re  

The estimated to  average 0.6 pound per ton ( lb/ ton)  of grain.13 

amunt  o f  Darticulate m t t e r  generated is  dependent upon: 

1 .  the type o f  truck ( i . e . ,  hopper o r  dump); 

2. the s i ze  of the receiving hopper ( i . e . ,  deep or  sht 

3 .  the speed a t  which grain i s  dumped; 

4. the type of grain;  

5. i t s  moisture content; and 

6. the amount of foreign material. 

1 ow 

The l a s t  three factors  were discussed on pages 15 and 16. The others a re  

discussed above. 

resulted i n  measured par t icu la te  emissions o f  0.05 gr /scf . l4  

Tests of truck receiving operations using cyclones 

. 
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2.2.3 Rallcar Receiving 

2.3.3.1 

ments or  hoppers. Each has an opening about two f e e t  square in the 

bottom through which the grain i s  discharged in to  a receiving 

hopper. 

partment a t  a time can be emptied. T h i s  i s  common a t  country eleva- 

to rs  and elevators a t  grain processors where grain i s  received 

a t  a re la t ive ly  slow pace. 

hoppers rapidly f i  11 with grain thereby decreasing the free-fa1 1 

distance from the hopper car  and minimizing a i r  emissions (see 

Figure 2-41. A t  larger  f a c i l i t i e s  the receiving hopper may permit 

a l l  th ree  hoppers on the r a i l c a r  t o  empty simultaneously. when i t  i s  

desirable  t o  protect the receiving hopper from the weather, i t  is  often 

covered by a shed w i t h  large openings a t  both ends. 

Hopper Cars - Hopper cars  a re  typ ica l ly  divided into compart- 

The receiving hopper i s  often small so tha t  only one com- 

As a t  truck s t a t ions ,  small receiving 

Uncontrolled par t icu la te  emissions from unloading r a i l ca r s  a re  

estimated t o  average 1 . 3  pounds per ton  o f  grain.13 T h i s  estimate i s  

based on both hopper cars and boxcars. 

cars a r e  below the average. 

a function o f :  

Par t icu la te  emissions from hopper 

Par t icu la te  emissions from ra i l ca r s  are  

.__ 

1 .  

2. 

the s i z e  of the receiving hopper  ( i . e . ,  deep o r  shallow); 

the amount of protection from winds; 
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3 .  the type o f  grain;  

4. i t s  mois ture content; and 

5. the amount o f  en t ra ined fo re ign  ma te r ia l .  

.. . . .  . .. 

?.2.3.2 .Boxcars - Conventional boxcars are o f t e n  used t o  haul g ra in .  

Before i t  i s  loaded, a boxcar must be f i t t e d  w i t h  a " g r a i n  door" which 

i s  i n s t a l l e d  over the lower p a r t  o f  the  s l i d i n g  door openings i n  t h e  

s ide  of tne  car .  

and covers about th ree- four ths  t h e  he igh t  o f  the  car  door opening. 

The g ra in  door i s  made o f  wood o r  heavy cardbeard 

One method o f  unloading boxcars i s  t o  break t h e  g r a i n  door. 

This r e s u l t s  i n  a surge of p a r t i c u l a t e  mat te r  as t h e  g r a i n  f a l l s  

i n t o  t h e  r e c e i v i n g  hopper bes ide t h e  t racks  (see F igure  2-4). 

A f t e r  t h i s  i n i t i a l  surge, t h e  remain ing g r a i n  i s  scooped o u t  

o f  the  car  us ing  power shovels, a f r o n t  end loader, o r  some 

s i m i l a r  means. A c loud o f  p a r t i c u l a t e  mat te r  may form as each 

scoop o f  g r a i n  s t r i k e s  the  r e c e i v i n g  hopper. The o the r  comnon 

unloading technique, used main ly  by te rmina l  e levators ,  i s  a 

mechanical c a r  dump. The c a r  i s  clamped t o  a movable s e c t i o n  o f  

t r a c k  which r o t a t e s  and t i l t s  the  car  t o  dump the  g r a i n  ou t  o f  

the door i n t o  the  r e c e i v i n g  hopper. 

and r e s u l t s  i n  v i o l e n t  a g i t a t i o n  o f  the  a i r  around the f l ow ing  

g ra in .  These a i r  cur ren ts  can e n t r a i n  p a r t i c u l a t e  mat te r  and 

sweep i t  from t h e  rece iv ing  area. As descr ibed f o r  hbpper cars, 

a t u n n e l - l i k e  shed over  the r e c e i v i n q  hopper i s  sometimes used. 

This technique i s  r a p i d  
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Uncontrolled par t icu la te  emissions from unloading r a i l ca r s  
13 

The 

are estimated to  average 1 .3  pounds per ton (lb/T) o f  grain.  

Par t iculate  emissions from boxcars a r e  above this average. 

amount of par t iculate  matter generated i s  dependent upon: 

1 .  

2. 

3. the type of grain;  

4. i t s  moisture content; and 

5. 

the method of unloading the car ;  

the amount of protection from wind; 

the amount o f  entrained foreign material .  

2.2 .n  b r q e  Receivinq 

Grain i s  received by barge a t  inland terminal and port  terminal 

elevators.  The unloading areas are  generally open to the weather. 

I n  most cases graih is  unloaded w i t h  a bucket e levator  ( l eg )  t ha t  

i s  lowered in to  the barge. Their capaci t ies  range from 15,000 up 

t o  75,000 bushels per hour; the average i s  about 30,000. 

Par t iculate  matter can be generated i n  the barge 6y the 

buckets of the leg and a t  the t ransfer  point a t  the t o p  o f  the 

leg where the grain i s  dumped in to  a receivinq hopper. 

completely clean the barge, i t  my be necessary t o  push or pull 

the grain to  the leq with power shovels or front  end loaders. 

This too  can generate fugi t ive par t icu la te  emissions. 

To 

Uncontrolled par t icu la te  emissions from barge unloading 

are  estimated to average 1 .7  pounds per ton o f  g ra in . '>  The 

par t iculate  emissions from a spec i f i c  f a c i l i t y  are  dependent 

upon : 
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1 .  the type of grain; 

2.  i t s  moisture content; and 

3. the amount of entrained foreign material. 

2.2.5 Grain Hand1 ing and Conveying Equipment 

Handling and conveying equipment includes bucket elevators ( legs)  

used t o  elevate the grain; conveyors (screw, drag, and be l t  type) 

which mcve i t  horizontally; scale  and surge bins used t o  weigh i t ;  

scalpers and cleaners; d i s t r ibu tors  (turn heads and trippers) which 

direct i t  t o  one o f  several places i n  the elevator; and the headhouse 

and other such s t ructures .  

A screw conveyor i s  a large (about 8" diameter) screw contained 

w i t h i n  a trough. The grain which enters one end of the trough i s  

pmhed fop;lard as the scre!q turns. A. drag  conveyor cnnsists o f  

a continuous chain w i t h  paddles inside a rectangular enclosure. 

The grain is  pushed forward by the paddles. The grain kernels 

scrape against the s ides  of the enclosures o f  screw and drag 

conveyors causing par t ic les  t o  break o f f .  

g r a i n  slower (about 50 f ee t  per minute) than b e l t  conveyors. 

be l t  conveyor i s  a continuous b e l t  (about 36" wide) t ha t  carr ies  

the grain forward a t  about 300 feet per minute. Friction between 

the grain and the belt  usually occurs only when i t  drops onto the 

moving be l t .  Generally, few kernels a re  broken when using belt  

conveyors. 

These conveyors move the 

A 
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After the grain has been dumped in to  the receiving hopper, i t  i s  

conveyed t o  a leg which l i f t s  i t  t o  the t o p  o f  the "headhouse" 

where i t  i s  discharged t o  a d i s t r ibu t ion  system (see Figure 2-2). 

The grain is usually d is t r ibu ted  d i r ec t ly  from the headhouse in to  

storage b i n s  o r  s i l o s .  

matter may be emitted from the s i l o  vents, though these emissions 

are  rarely v is ib le .  

own s e t t l i n g  chamber. 

time may increase i n  temperature because i t  i s  e i the r :  

Gmen ffie large s i los  are  f i l l e d ,  par t icu la te  

These s i l o s  are  so large they a c t  as t he i r  

Grain s tored i n  one s i l o  for  an extended 

a .  

b.  

The grain must e i the r  be t reated to  eliminate the cause of the 

increasing temperature or i t  may be "turned" t o  allow i t  t o  cool by 

too moist and begins t o  spo i l ,  or 

diseased o r  infested and the disease i s  growing. 

aeration. To "turn" the grain,  i t  i s  dropped from the bottom o f  

the s i l a  conveyed t o  a leg,  l i f t e d  t o  the d i s t r ibu to r  and dropped t o  

another empty bin. 

To s h i p  grain,  i t  i s  dropped from the bottom of the s i l o ,  

conveyed to  a leg,  and elevated to  the d i s t r ibu to r .  

t o  grain cleaners o r  the load-out sca les .  

in many elevators  b u t  especially a t  terminals where the g r a i n  

shipped must meet USDA standards. 

t ha t  i s  cleaned, by each type o f  elevator  i s  shown below. 

From there i t  f a l l s  

Grain cleaners a r e  used 

The portion of grain received, 

' 
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GRAIN C L E A N E D ~ ~  

QUANTITY 
I m i  l l i o n  bushels/year)  PEKCENT OF RECEIPTS 

Country 7.8 41 5 

In land  Terminal 22.1 348 

P o r t  Terminal 14.6 397 

Equipment used t o  clean g r a i n  var ies  from simply screening i t  

t o  a simultaneous screening and winnowinq operat ion.  

screening devices remove l a r g e  s t i c k s ,  rocks, too ls ,  and o t h e r  t rash.  

P a r t i c u l a t e  mat te r  which becomes a i rborne  as t h e  g ra in  r o l l s  over 

t h e  screens w i l l  genera l l y  s e t t l e  i n s i d e  the e leva to r  and no t  escape 

t o  the  atmosphere. 

app l ied  t o  reduce the p a r t i c u l a t e  mat ter  concentrat ion i n s i d e  t h e  

e leva to r .  

a i r  p o l l u t i o n  c o n t r o l  device t o  the  atmosphere. 

v e n t i l a t e d  cleaners p u l l  o r  blow a i r  through the  screens t o  l i f t  

c h a f f  and o the r  l i g h t  impur i t i es  from the  g r a i n  (see F igure  2-5). 

The l i g h t  ma te r ia l  i s  c o l l e c t e d  i n  a cyclone o r  f a b r i c  f i l t e r .  

The simple 

However, a smal l  amount o f  suc t i on  i s  o f t e n  

This suc t i on  system u s u a l l y  discharges through an 

The more complex 

Uncontro l led p a r t i c u l a t e  emissions f r o m  screens are  est imated 

t o  be 3.2 l b s  p e r  ton  o f  gra in .  

from t h e  combination c lean ing  systems are  est imated t o  be 6.0 l b s  

per  ton  o f  g ra in .  

Uncontro l led p a r t i c u l a t e  emissions 
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Both country and terminal elevators have scales which are 

preceded and followed by surge b i n s .  

continuous stream of grain in to  the upper surge b i n  while the 

scale  weighs batch quant i t ies  and discharges them in to  the lower 

surge bin,  which also empties continuously. 

drops d i r ec t ly  i n t o  the s h i p p i n g  vehicle;  however, sometimes i t  

may be necessary t o  convey the grain t o  the shipping s ta t ion .  

The a i r  displaced by the entering grain must be vented from 

the sca l e  hopper and both surge bins. 

hopper can be vented to  each other  t o  prevent par t icu la te  emissions. 

Conveyors discharge a 

Generally, the grain 

The surge b ins  and scale  

Par t icu la te  emissions can occur a t  t ransfer  points as grain 

is  fed onto  o r  discharged from a conveyor. Examples of t ransfer  

points are  the discharqe from one conveyor onto another, the 

discharge from a lkiq onto a conveyor, o r  the discharge from a 

storage s i l o  onto a tunnel belt conveyor. If these t r ans fe r  

points are not hooded, f u g i t i v e  par t icu la te  matter may be emitted 

d i r ec t ly  t o  the  i n t e r i o r  of the elevator  or d i rec t ly  into the 

atmosphere. 

Par t icu la te  emissions from h a n d l i n g  equipment can be prevented 

i n  many areas t h r o u g h  the use of t o t a l l y  enclosed equipment. Another 

method which minimizes par t icu la te  emissions is t o  handle grains 

a t  slower r a t e s .  

flowing grain and less  par t icu la te  matter becomes airborne. 

This reduces ag i ta t ion  of the a i r  around the 
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Uncontro l led p a r t i c u l a t e  emissions from handl ing operat ions 

are est imated t o  be 6.0 pounds per  ton  ( l b /T )  o f  g ra in .  

the amount o f  p a r t i c u l a t e  mat te r  generated i s  dependent upon the  

Again, 

Same parameters which have been prev ious ly  discussed; These are:  

1. 

2. the speed o f  operat ion;  

3 .  the type o f  gra in ;  

4. i t s  mois ture content; 

5. 

6. 

the type o f  equipment used; 

the amount of  ent ra ined f o r e i g n  mater ia l ;  and 

the volume o f  v e n t i l a t e d  a i r .  

2.2.6 Grain Drying 

Grain w i t h  more than 14 percent  mois ture must be d r i e d  t o  prevent 

i t s  s p o i l i n g .  

rece ip t .  

requ i re  dry ing.  

1000 bushel p e r  hour (bu/hr)  d rye r  w h i l e  a t y p i c a l  t e n i n a l  

e leva to r  may have one o r  several  2000 bu/hr  dryers.  

bas ic  types o f  g ra in  dryers,  rack and column (see Figure 2-6). 

Grain enters  the t o p  o f  both types and f l ows  downward i n  a continuous 

stream and ou t  the bottom. 

evaporates the excess moisture.  Grain w i t h  16-22 percent moisture 

Therefore, i t  must be d r i e d  w i t h i n  a few days a f t e r  

Corn, soybeans, and m i l o  are the th ree  major gra ins t h a t  

A t y p i c a l  country  e l e v a t o r  might be equipped w i t h  a 

There are  two 

A i r  blown through the g r a i n  streams 

can be reduced t o  13 o r  14 percent i n  one o r  two passes through 

the dryers.  
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Part iculate  matter and chaff can become entrained in the a i r  

and carried from the dryer. The potential  quantity of par t iculate  

emissions i s  largely dependent on the  type and model of dryer. 

In a column dryer the grain flows i n  a continuous column between 

two perforated metal sheets t o  the bottom. 

matter i s  trapped within the column o f  grain and never reaches 

the side of the dryer. A rack dryer contains baff les  or racks 

around which the qrain and h o t  a i r  must flow. 

a cascadinq motion of the qrain and can cause increased 

par t icu la te  emissions. The dryer i s  a l s o  more open, since 

the air does n o t  pass throuqh metal sheets.  

Most of the par t iculate  

This creates 

Uncontrolled par t iculate  emissions a re  estimated to  be 

as much as 0.5 pound per ton (lb/T) of grain from column 

dryers and 4.0 pounds per t o n  (lb/T) o f  grain from rack 

dryers.17 The amount of par t icu la te  matter generated i s  

dependent upon: 

1 .  the type of dryer; 

2.  the model of dryer; 

3. 

4. 

the type o f  grain dr ied;  and 

the amount o f  entrained foreign material. 

- -_.. 
2 .2 .7  Truck Loadinq 
- - 

Grain i s  usually shipped by truck from country elevators .  

The arain to  be loaded out i s  weighed i n  the scale  hopper 

and then dropped in to  the lower surge bin. I t  flows d i r ec t ly  from 

the surge bin down a chute in to  the truck (see Figure 2-7). Often 

the loading area i s  not enclosed and w i n d  tha t  blows across the end 
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of the loading spout entrains par t icu la te  matter from the g r a i n  

stream. 

atmospheric par t icu la te  emissions. 

a lso be reduced by decreasing the f ree- fa l l  distance between 

the end o f  the loadinq spou t  and the truck bed. 

be done with a canvas sock or a telescoping loading spout. 

Some type of enclosure could greatly reduce the 

Part iculate  emissions can 

This can 

Uncontrolled par t icu la te  emissions from truck loading have 

The amount of par t icu la te  matter generated not been estimated. 

by truck loading i s  dependent upon: 

1 .  

2 .  

the amount of protection from the wind; 

the free-fal l  distance between the end of the spout and 

the truck bed; 

3. the type of grain;  

4. i t s  moisture content; and 

5. the amount of entrained foreign material. 

.- 

2.2.8 Railcar Loading 

2.2.8.1 

inland terminal elevators.  They are  loaded t h r o u g h  e i t h e r  a long 

rectangular hatch down the center of the car  o r  two rows of round 

hatch openings. 

hopper and then drops in to  the lower surge b i n .  

surge bin d i r ec t ly  down a loading chute in to  the r a i l c a r  (see 

~. . -_ . - . . . .. -. . .. - .. 
Hopper Cars - Grain i s  shipped by hopper cars from country and  

The grain t o  be loaded o u t  i s  weighed in the scale  
I I t  flows from the 

Figure 2-71. 

displaced from the ca r .  

Par t iculate  matter can be entrained i n  the a i r  

Reducing the f ree- fa l l  distance between the end of the spout 

and the top o f  the hopper car  w i t h  canvas socks or telescoping loading 
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spouts lowers par t icu la te  emissions because i t  decreases the 

winnowing ef fec t  of w i n d  blowing across the end of the loading spout .  

The amount of par t icu la te  matter escaping the car  can be reduced 

by keeping hatch openings closed i f  possible. 

around the loading area could a l so  diminish par t icu la te  emissions. 

Some type of enclosure 

Uncontrolled par t icu la te  emissions from hopper car  loading 
13 have been estimated a t  0.27 pound per ton (lb/T) of g r a i n .  

The amount  of par t icu la te  matter generated is dependent upon: 

1. the amount of protection from the wind; 

2. the f ree- fa l l  distance 'between the end of the loading spout 

and the top o f  the hopper car; 

the open area (hatches) through which a i r  can be displaced 

from the car ;  

4. the type of grain;  

5. i t s  moisture content; and 

6. 

3. 

t h e  amount  of entrained foreign material .  

.. . . .. - . 

2..2.8.2 Boxcars - Before a boxcar can be f i l l e d  w i t h  grain,  grain 

doors must be ins ta l led  over the. doorway in the s ide  of the car .  

grain door, constructed of wood or  heavy cardboard, covers about 

three-fourths of the height of the door opening. 

from the scales  down a loading s p o u t  and through the opening above 

the grain door (see Figure 2-71. Part iculate  matter can be entrained 

i n  the a i r  displaced from the car .  Some type of enclosure around 

the loading area could also diminish par t icu la te  emissions. 

The 

The grain i s  directed 
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Uncontrolled par t iculate  emissions from boxcar loading have 

been estimated t o  be 0.27 pound per t o n  ( l b / T )  o f  grain.13 The 

amount of par t iculate  matter generated i s  dependent upon: 

the amount of protection from the wind; ' 1 .  

2 .  the type o f  grain; 

3. i t s  moisture content; and 

4. the amount of entrained, foreign material. 

2 .2 .9  Barge Loading 

There are two mechanisms which resu l t  i n  par t iculate  emissions 

d u r i n g  the loading of barges. 

from the loading spout in to  the barge (see Figure 2-8). 

a free-fall  distance of several f e e t  between the end of the spout 

and the top o f  the barge allows wind t o  entrain par t iculate  

matter fmwthe grain stream. 

reduced and par t iculate  emissions minimized by u s i n g  canvas 

socks or telescoping loading spouts. 

ment as the par t iculate  matter boils u p  from the hold. 

can carry approximately 50,000 bushels o f  gra in .  

i s  often covered w i t h  four large s tee l  hatches. To f i l l  a hold 

the en t i r e  t o p  must be uncovered by a crane. 

however, use a large f iberglass  cover with several small hatches 

t h a t  one man can swing open. 

the surface area of the grain tha t  i s  exposed to  the wind. 

i s  a very important improvement-sin'ce there appear t o  be no  

barge loading areas tha t  a r e  enclosed and entrainment by the wind 

i s  the major mechanism by which par t icu la te  emissions occur. 

The f i r s t  i s  when the grain drops 

Often, 

This free-fal l  distance can be 

The second i s  re-entrain- 

Barges 

The hold,  

The newest designs, 

The smaller hatch openings minimize 

This 
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Uncontrolled par t icu la te  emissions from barge loading have 

been estimated t o  be 1 . 2  pounds per t o n  (lb/T) of grain.18 The 

amount o f  par t iculate  matter generated is dependent upon: 

the open-area of the top of the barge; 

the f ree- fa l l  distance between the end of the loading spout 

and the t o p  of the barge; 

1 .  

2. 

3 .  tne type o f  grain; 

4. i t s  moisture content; and 

3. the amount of zntrained foreign material. 

.. _ _  
2.2.10 S h i p  Loading 

Grain loaded into ships i s  conveyed from the sca.;s t o  the loading 

dock where i t  drops down long spouts i n t o  the ship's hold a t  ra tes  

of about 40,000 bushels per hour .  

Fifty t o  80-foot loading spouts a re  not unusual. Par t iculate  

emissions increase with the  length o f  the spout because more 

par t icu la te  matter i s  created by abrasion of the kernels 

as they bounce down the long loading spout. 

of the f a l l i ng  grain also increases, which causes an increase 

in the amount of a i r  entrained in the  grain stream. 

winds, typical of sea coast areas ,  a l so  increase par t icu la te  

emissions by entraining par t icu la te  matter from the f r e e  f a l l i n g  

grain stream below the loading spout. 

cause more rapid displacement of particulate-laden a i r  from the 

hold and  a lso increase par t icu la te  emissions. 

The velocity 

Strong 

Increased loading rates  
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Uncontrol ed par t icu la te  emissions from ship loading 

have been estimated t o  average 1.2 pounds per t o n  (1 b /T)  of 

grain.18 The amount of par t icu la te  matter generated i s  

dependent upon: 

1 .  

2 .  the loading ra te ;  

3.  the type of s h i p ;  

4 .  the  type of grain;  

5. i t s  moisture content; and 

6 .  the amount of foreign material in the grain. 

Three types of ships a r e  used t o  haul grain.  

the length o f  the  loading s p o u t ;  

Each presents 

a d i f f e ren t  source of par t icu la te  emissions (see Figure 2-8). 

2.2.10.1 

by a se r i e s  of ver t ical  bulkheads. 

t o  hamper the  loadinq operation. 

permit easy access t o  a l l  par ts  of the hold. The loading 

operation fo r  this ship can be separated in to  two stages: 

7 )  general f i l l i n r l  t o  w i t h i n  fou r  f e e t  of the top o f  the hold; 

and 2 )  "toppinq o f f "  or f i l l i n q  the t o p  four f e e t  of the hold. 

Par t iculate  emissions a r e  grea tes t  d u r i n g  "topping o f f "  because 

the  wind can readi ly  carry the par t icu la te  matter away. 

hold cannot be covered a t  this time because i t  i s  necessary 

t o  move the spout around rapidly to  spread the grain.  

i t  is  necessary t o  minimize the distance between the s p o u t  and 

the grain surface i n  order td  d u c e  par t icu la te  emissions. 

Bulk Carrier - The b u l k  c a r r i e r ' s  hold i s  compartmented 
.. . 

There a re  no internal s t ructures  

Hatch openings are large and 

The 

Therefore, 

. 

. 
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2.2.10.2 'Tweendecker' - The hold of the 'tweendecker' is similar 

t o  a bulk c a r r i e r  except tha t  instead of an unencumbered open space, 

the 'tweendecker'has two horizontal intermediate decks (see Figure 2-8). 

The grain must be carefully stored under the intermediate decks to  

assure the hold i s  completely f i l l e d .  

whicn could cause the ship t o  l i s t  o r  capsize. 

under the intermediate deck, a "trimmer" o r  high-speed conveyor b e l t  

i s  used to  throw the grain from the loading spout. This trimmer 

generates a large amount of par t icu la te  matter so tha t  loadinq a 

'tweendecker' resu l t s  in more par t icu la te  emissions than a bulk ca r r i e r .  

Otherwise the grain could s h i f t ,  

To position the grain 

2.2.10.3 Tanker - A tanker i s  designed for  transporting l iquid i n  

bulk, b u t  i s  often used for  grain. 

through two types of hatches. 

three f e e t  in diameter and i s  used fo r  loading most of the grain. 

The "butter-worth'' i s  one foot  in diameter. 

the small spaces which remain a f t e r  f i l l i n g  th rough  the hardhats. 

Less par t icu la te  matter escapes during f i l l i n g  of tankers than other 

ships s ince they are more enclosed. 

Access t o  the holds i s  gained 

The primary hatch, the "hardhat," i s  

I t  is  used for  f i l l i n g  
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3. SUMMARY OF THE PROCEDURE FOR THE DEVELOPMENT 
OF THE F'ROPI1SED STANDARDS- 

- 

L 

3.1 LITERATURE REVIEW AN9 INDUSTRIAL CONTACTS 

The program for  development of standards of performance fo r  grain 

elevators re l ied  largely on resu l t s  of a previous investigation of a i r  

pollution emissions and control techniques in  the grain and feed industry 

sponsored by E P A . '  This e a r l i e r  study contains the responses o f  509 

elevators throughout the country to  a questionnaire on the a i r  pollution 

aspects of t h e i r  business. During the s t u d y ,  discussions were held with 

numerous individual grain marketing companies, manufacturers of process 

and control equipment, and a trade association (National Grain and Feed 

Association). S t a t e  a i r  pollution control agencies were contacted fo r  

t he i r  recomnendations on the "best controlled" grain processes i n  t h e i r  

areas. 

elevators were selected for on-si te  visits. Later, cer ta in  of these 

were more closely evaluated by actually measuring the emissions from 

Based upon the information from these sources ,a  number of 

_- -. .- tnetr control devices. . . .. - ---- 
3.2 PLANT ENSPECTION3 . .  . . .  

EPA engineers selected and vi sited forty-five reportedly we1 1 -control 1 ed 

elevators t o  evaluate the par t iculate  control systems and obtain infor-  

mation on the major equipment or operational parameters t h a t  a f f ec t  

emissions. The major de t a i l s  noted during the inspections were: 

1 .  

2. type and effectiveness ,of control devices, 

design and effectiveness of hoods, 

3. vis ib le  emissions a t  the point of par t icu la te  matter 

generation and pickup, 

4. v i s ib le  emissions from the control device, 

5. maintenance schedule for  fabr ic  f i l t e r s ,  
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6 .  adequate emission test  locations,  

7 .  process operation and cycle,  

8. 

9. 

From these visits ,  20 plants were selected f o r  actual measurement 

process variables tha t  a r e  reclularlv measured, and 

t y p e s  of grains handled and periods of operation. 

of par t icu la te  emissions. 

3.3 SAMPLING AND ANALYTICAL TECHNIQUES 

3.3.1 Elevators 

EPA Reference Yethod 5 was used to  ga ther  the data used t o  

support the proposed par t iculate  standards fo r  emissions from 

control devices a t  g r a i n  elevators.  The provisions of t h i s  method 

were or iq ina l ly  published in the Federal Register on December 23, 

1971 (36 FR 24877). 

published since then. 

methodology and equipment specifications.  

spec i f ic  procedures fo r  the measurement of moisture content and 

volume of gas sampled, and permits continuous assurance of isokinet ic  

sampl i nq.  

Minor revisions of the method have been 

The method provides detailed samplinq 

The method a l so  provides 

Method 5 was not used exactly as prescribed i n  the Federal Reqister. 

The e lec t r ica l  heating systems fo r  the probe and f i l t e r  holder were n o t  

used because the gas streams sampled were of low temperature and 

moisture content and grain dust (par t icu la te  matter) presents a 

nossible explosion hazard. Under these stack conditions, the operation 

of  Method 5 without probe or f i l t e r  heaters does n o t  a f fec t  the 

accuracy of the results. The effect o f  operating the sampling t r a i n  
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wi thout  heaters i s  t h a t  the  in -s tack  and out -of -s tack f i l t r a t i o n  

methods can be considered equ iva len t .  

Sampling and a n a l y t i c a l  techniques f o r  p a r t i c u l a t e  mat te r  are 

discussed i n  more d e t a i l  i n  Chapter 8, sec t ion  8.7. 

3.3.2 Dryers 

Gra in dryers t y p i c a l l y  exhaust d i r e c t l y  f rom the  o u t l e t  o f  the 

con t ro l  device t o  the  atmosphere w i thou t  the  use o f  an exhaust stack.  

The cross sec t iona l  area o f  t h e  o u t l e t s  i s  genera l l y  q u i t e  large.  

r e s u l t i n g  low v e l o c i t i e s  and unconf ined f l o w  are  no t  amenable t o  

sampling w i t h  convent ional  techniques. Therefore, dur ing  t h e  develop- 

ment o f  the  standard o f  performance, attempts were made t o  

develop methodology which would a l l ow  representa t ive  sampling. 

hooding could cause exhaust pressure bu i ldup and upset the  d ry ing  

process the  procedures which were employed focused upon techniques 

f o r  measuring low v e l o c i t i e s ,  and f o r  ob ta in ing  representa t ive  samples 

unaf fec ted  by crosswinds. 

p i t o t  tube technique were used i n  at tempts t o  accura te ly  measure v e l o c i t y .  

A t h ree - foo t  sec t i on  of 12- inch diameter duct  was placed perpendicular 

t o  t h e  exhaust o u t l e t  t o  serve as a min i -s tack.  

The 

Since 

Both a h o t  w i r e  anemometer, and spec ia l  

Sampling was conducted 

a t  t h e  center o f  the  duc t  sec t i on  w h i l e  t h e  duc t  sec t i on  was t raversed 

across the  con t ro l  device o u t l e t .  

Rased upon the experience gained dur ing  two t e s t s  employing 

these techniques, i t  was concluded t h a t  sampling r e s u l t s  o f  acceptable 

accuracy cou ld  no t  be obtained. 

the  s t rong v e r t i c a l  component present  i n  t h e  exhaust gas f l o w  which 

va r ies  from source t o  source were i d e n t i f i e d  as pr imary f a c t o r s  pre- 

vent ing  obtainment o f  representa t ive  samples. 

Both t h e  problem o f  crosswinds, and 
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3.4 EMISSIONS MEASUREMENT PROGRAM 

3.4.1 Elevators  

EPA used Method 5 t o  per form p a r t i c u l a t e  emission t e s t s  on 11 

i n s t a l l a t i o n s  a t  g r a i n  e leva tors  c o n t r o l l e d  by f a b r i c  f i l t e r s .  

systems chosen f o r  t e s t s  c o n t r o l l e d  we l l -de f ined operat ions where t h e  

process weight cou ld  be determined. 

mat te r  generated du r ing  t ruck  unloading, boxcar unloading, barge unloading, 

conveying and t rans fe r ,  g r a i n  c leaning,  r a i l c a r  loading,  and s h i p  

loading.  

The 

The systems c o l l e c t e d  p a r t i c u l a t e  . .  
- .  

Each t e s t  cons is ted of three, two-hour t e s t  runs, except __. as .noted - . .  .~ ___ . ____ .- __ .~ 

i n  Chapter 5 f o r  f a c i l i t y  I. 

therefore,  t h e  sample t r a i n  was stopped and r e s t a r t e d  severaVt imes 

dur ing  .each t e s t  t o  co inc ide  w i t h  the  process operat ion.  

parameters monitored dur ing  each t e s t  were: 

Grain handl ing operat ions are i n t e r m i t t e n t ,  

Process 

-~ .. . - .. . . .. -~ - 
1. the type o f  g r a i n  handl ing'systems (deep o r  shal low hopper, 

te lescoping spout, e tc . ) ,  

the type o f  g r a i n  processed, 

the weight  o r  volume o f  g r a i n  processed, 

the percent  moisture i n  the gra in ,  

the Percent fore ign m a t e r i a l  (chaff, o the r  gra ins,  broken 

kernels,  s tones, -etc . )  i n  t h e  grain,and 

the conveyor b e l t  speed (where appropr ia te ) .  

2. 

3. 

4. 

5. 

6. 

p a r t i c l e  s i z e  was measured a t  f i v e  o f  t h e  f a c i l i t i e s  us ing  a Br inks  

impactor.  

o f  uncon t ro l l ed  p a r t i c u l a t e  emissions en te r ing  the f a b r i c  f i l t e r s  

( i n l e t  t e s t s )  were unsuccessful. Large p a r t i c l e s  plugged t h e  sample 

I n  a l l  b u t  one case, attempts t o  measure the  p a r t i c l e  s i z e  
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nozzle preventing fur ther  sampling. In t e s t s  of ou t l e t  

par t iculate  emissions from the f a b r i c  f i l t e r s ,  n o t  enough 

par t icu la te  could be collected on the impaction plates t o  

weiqh accurately. 

Visible emissions were observed for  a minimum of 1 hour 

a t  nine elevators from both the f a b r i c  f i l t e r s  and sources o f  

fuqi t ive par t iculate  emissions. 

3.4.2 Dryers 

EPA attempted t o  develop a standard t e s t  procedure for  

grain dryers and obtain representative par t icu la te  emission 

samples from two dryers. I t  was concluded tha t  much more 

work would be required t o  develop a r e l i ab le  t e s t  procedure. 

Visible emissions were observed for  a t  l ea s t  one hour a t  

four column dryers and for  one-half hour a t  one column dryer. 

Two rack dryers were also observed f o r  v i s ib le  emissions. 

._ __ -. 

. 
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4. EMISSION CONTROL TECHNOLOGY 

A discussion of emission control technology i n  this industry must 

separately consider the equipment used t o  capture par t icu la te  emissions 

and  t h a t  which actually remves pol lutants  from a gas stream. 

elevators use a large var ie ty  o f  equipment t o  capture par t icu la te  

emissions from the many processes; however, they a l l  use s imilar  

equipment or control devices t o  remove the captured par t icu la te  from the 

eff luent  gas stream. Data from a questionnaire survey on the types 

oF emission control devices currently i n  use a t  324 country elevators ,  

196 inland terminal e levators ,  and 12  por t  terminal elevators are shown on 

Table 4-1. 

Grain 

1 

Almost every elevator  t h a t  does control emissions uses e i t h e r  a 

cyclone o r  fabr ic  f i l t e r .  Cyclones are c l a s s i f i ed  as e i t h e r  nigh. 

efficiency or low efficiency. High-efficiency cyclones a re  characterized 

by a narrow i n l e t  opening, long body length r e l a t ive  t o  body diameter, 

and a small ou t le t  diameter. 

resul ts  in a collection efficiency of about 85 to  95 percent. 

drop across a high efficiency cyclone may be 3 t o  5 inches of water. 

i s  the most comnon control device used a t  e levators .  Low-efficiency 

cyclones have large i n l e t  openings, large diameter bodies and large out- 

l e t  diameters. The slower gas velocity r e su l t s  i n  collection e f f ic ienc jes  

between 00 and 85 percent and pressure drops of only 0.5 to  2.0 inches of 

water. 

The higher gas velocity i n  the cyclone 

The pressure 

This 

Table 4-1 shows t h a t  fabr ic  f i l t e r s  a r e  not now used a t  country 

elevators,  b u t  are  used a t  terminal elevators and processing plants.  
_. -.. 

Their 
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TABLE 4-1 

EMISSION CONTROL DEVICES AT EXISTING ELEVATORS 

Percent with Percent Controlled by 
Process Fabric F i l t e r  Cyclone Other Device No Control 

Faci l i ty  and 

Country 
Recei v i  ng 
Shipping 
Cleaning 
Transfer 
Legs 
Scale and surge bins 

Receiving 
Shipping 
Cleaning 
Transfer 
Legs 
Scales and surge bins  
Tri pper 

Rece i v i n g 
Shipping 
Cleaning 
Transfer 
Legs 
Scales and surge bins 
Tripper 

Receiving 
Cleaninga 
Transfer 
Legs 
Scales and surge bins  
Tripper 

Inland Terminal 

Por t  Terminal 

Process Storage 

0 
0 
0 

30 
21 

1 
1 

69 

27 
73 
41 
73 

78 
60 
27 

26 
58 

13 
0 
0 
0 

0 
1 
1 

19 
17 
10 

40 0 41 
12 
33 
64 

1 
0 

70 
57 ~. 

27 
24 

9 
23 
75 
78 

53 
17 
14 

8 
a 

46 
0 

15 

30 
26 
22 
55 

0 
0 
0 - 

24 
74 
63 
18 27 

41 
.. 

37 
37 41 

1 43 

42 
44 

16 2 
1 

40 

16 
20 
32 
26 

-- 

so 24 

aPercent of controlled plants ,  only. Data were not s u f f i c i e n t  t o  determine 
the percentage of plants  w i t h o u t  controls.  
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. . 
most common use i s  the control o f  par t icu la te  emissions from t r ans fe r  

operations. Fifty-eight percent of the terminal elevators use fabr ic  

f i l t e r s .  These are  frequently located i n  metropolitan areas where control 

requirements are  grea te r .  
.. 

The typical modern fabr ic  f i l t e r  a t  an elevator  handles 2000 t o  

30,000 cuoic f ee t  of a i r  per minute. 

supplied by several manufacturers. 

pressure with the fan pulling a i r  through the system. Felted, synthet ic  

fabrics are the most comnon collection media. The air- to-cloth r a t i o  i s  

usually between 1O: l  and 15: l .  The f i l t e r  bags are  cleaned by reversing 

the a i r  flow t h r o u g h  them. Air flow reversal methods include forcing the 

d u s t  cake off the fabr ic  with back pressure; collapsing the cloth thereby 

cracking the aust  cake; snapping the cake off with a pulse of compressed 

a i r ;  and blowing i t  off with a reverse jet which traverses the outside 

surface of the cloth.  

Most are  package uni ts  t ha t  can be 

The f i  1 t e r s  operate under negative 

The methods o f  capturing par t icu la te  emfssions fo r  each operation 

i n  the industry must be considered individually.  

t i v e  methods of control a re  considered f o r  each affected f a c i l i t y .  

System 1 represents the control typ ica l ly  required by S ta t e  requlations.  

The best  possible system EPA could envision represents System 3 control .  

System 2 control represents e i the r  an intermediate method between 

System 1 and 3 control or is  equivalent t o  method 3 control.  

methods consider the to t a l  control of pa r t i cu la t e  matter fo r  each 

f a c i l i t y ,  the capture system and the control device. 

Three possible a l terna-  

These 
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The most impor tant  c h a r a c t e r i s t i c s  o f  the th ree  l eve l s  o f  con t ro l  

f o r  each opera t ion  are  discussed below. 

4.1 RECEIVING (UNLOADING) 

4.1.1 Trucks 

I n  a r i d  regions, t ruck  rece iv ins  hoppers a re  o f t e n  completely 

uncovered, b u t  may be enclosed by a r o o f  o r  tunnel  i n  o ther  areas o f  

the  nat ion.  

a t  the  back o f  the  rece iv ing  hopper. 

o r  below the gra te .  

r e s u l t i n g  downward d r a f t  helps prevent  t h e  escape o f  p a r t i c u l a t e  

mat te r  generated i n  the  hopper. B a f f l e s  i n s t a l l e d  under t h e  g ra te  

can a l s o  he lp  prevent  t h e  upward f l o w  o f  pa r t i cu la te - l aden  a i r  ou t  

o f  the hopper. 

The t y p i c a l  capture system cons is t s  o f  a c o l l e c t i o n  hood 

It may be mounted e i t h e r  above 

Locat ion below t h e  g ra te  i s  p re fe rab le  because t h e  

Such systems are t y p i c a l l y  designed f o r  a face 

v e i o c i t y  of  100 f e e t  p ’ r  minute t i i rot igh ~2 grate.L To m i n h i z e  

thc  adverse e f f e c t s  o f  wind on c o l l e c t i o n  e f f i c i e n c y ,  some type 

o f  enclosure around t h e  rece iv ing  area i s  u s u a l l y  requi red.  

A f t e r  capture, t h e  p a r t i c u l a t e  ma t te r  i s  v e n t i l a t e d  t o  a cyclone 

Emission t e s t s  on e x i s t i n g  f a c i l i t i e s  o r  f a b r i c  f i l t e r  (F igure 4-1). 

show average p a r t i c u l a t e  emissions o f  0.06 pound per  ton ( lb /T)  o f  

g r a i n  wi th  cyclone con t ro l .  Those w i t h  f a b r i c  f i l t e r  con t ro l  emi t  

0.005 l b / T  o f  

Three l e v e l s  o f  c o n t r o l  were considered f o r  t r u c k  un1oadir)a s ta t i ons .  

System 1 ( t y p i c a l  S ta te  regu la t i ons )  requ i res  the use o f  a rece iv ing  

hopper, v e n t i l a t e d  t o  a cyclone. Weather cond i t ions  may r e q u i r e  the  

use of a shed o r  a r o o f  enclosure. Method 3 (bes t  technology) would 
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require enclosure of the operation w i t h  a four-sided shed h a v i n g  two 

ends equipped with quick-closing doors. 

ventilated t o  a fabr ic  f i l t e r  a t  a r a t e  of approximately 12,000 cfm and 

would contain baff les .  

equipped ident ical ly  as i n  System 3 .  

sided shed i s  required with one end equipped w i t h  a quick-closina 

door. 

The receiving hopper would be 

The receiving hopper for System 2 would he 

However, for  System 2 ,  a three- 

Presently, no such operation as described in System 3 i s  in 

operation. 

has been demonstrated on presently operating System 2 f a c i l i t i e s .  

4.1.2 Railcars 

4.1.2.1 

choke feed concept t o  reduce or eliminate par t iculate  emissions. 

t h i s  case the receiving hopper is shallow and the grain i s  allowed 

to  form a cone between the opening a t  the bottom of the hopper and the 

receiving grate (see Figure 4-2). 

par t iculate  matter a s  the receiving hopper f i l l s ,  b u t  very l i t t l e  

d u r i n i  the remaihler of the unloading operation as the grain s teadi ly  

flows in to  the hopper. 

The level of the proposed standard, a 0% opacity l imi t ,  

Hopper Cars - Hopper cars a r e  sometimes unloaded u s i n g  the 

In 

There i s  a momentary cloud of 

Par t iculate  emissions from a deep receiving hopper a re  contained 

by vent i la t ing  the par t iculate  matter from b e l w  the gra te  to  a cyclone 

o r  fabr ic  f i l t e r .  

i n s t a l l i ng  baffles under the grate t o  help prevent the upward f l o w  

Of particulate-laden a i r  out of the hopper. 

designed fo r  a face velocity of 100 f e e t  per minute through the grate.  

- .. . .- - 
The efficiency of par t iculate  p i c k u p  can be increased by 

Such systems are  typically 
2 
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Some type of enclosure around the unloading area can also prevent 

wind from decreasinq the effectiveness of the par t icu la te  matter 

capture system. 

delays i n  unloadinq when enclosures a r e  used. 

Fast action doors can minimize the resul t ing 

Part iculate  emissions from cyclone-control led hopper car  

unloadinrl operations a re  estimated t o  be 0.1 16/T of grain received. 

When f ab r i c  f i l t e r s  a r e  used, par t icu la te  emissions are reduced t o  

about 0.0002 lb/T of grain.  5 

Two leve ls  of control were considered fo r  ra i l road hopper car  

unloading s ta t ions .  

with a three-sided shed w i t h  one end being a quick-closinq door. The 

receiving hopper is  ventilated t o  a cyclone, except a t  port  terminal 

elevators where fabr ic  f i l t e r s  a r e  used. 

ments a re  ident ical  i n  t h i s  s i t ua t ion .  

required w i t h  quick-closing doors on two ends. 

are  equipped w i t h  baff les  and a r e  vent i la ted a t  a r a t e  of 15,000 t o  25,000 cfm 

(depending on the s i z e  of the f a c i l i t y )  t o  a fabr ic  f i l ter .  

System 1 requires an operation equipped 
- 

System 3 and System 2 require- 

A t o t a l l y  enclosed shed i s  

The receivinq hoppers 

The proposed standard of no v i s ib l e  emissions is based on a transfer 

of technology from boxcar unloading f a c i l i t i e s  equipped w i t h  the control 

technology reouired by Systems 2 and 3. 

4.1.2.2 Boxcars - The boxcar unloading area may be covered by a 

roof or have some type of shed enclosure. 

l a t e  matter is generated i n  the receiving hopper, i t  is  usually 

captured by a hood located below the grate  and ventilated t o  a cyclone 

or  f a b r i c  f i l t e r  (see Figure 4-2).  

help prevent the  upward flow of particulate-laden a i r  o u t  of the 

receiving tiopper. 

Since mst of the particu- 

Baffles ins ta l led  under the grate  
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The efficiency of par t iculate  matter pickup can be improved by 

s t o p p i n q  wind action w i t h  a f lex ib le  enclosure around the car 

door (Figure 4-31 o r  by enclosing the receivinq area with some 

type of shed (Figure 4-2).  Fast-action doors can minimize the 

resul t ing delays i n  unloading. 

are  typical ly  designed for  a face velocity of 100 f e e t  per minute 

th rough  the gra te .  

Capture systems fo r  these f a c i l i t i e s  

2 

Part iculate  emissions from boxcar unloading operations with 

cyclone control a r e  estimated t o  be 0.1 lb /T  of grain received. 

When fabr ic  f i l t e r s  a re  used, the  par t icu la te  emissions a re  about 

0.0002 lb/T of grain. 5 

The two levels  o f  control investigated a re  identical  t o  those 

systems described under hopper ca r  unloading and the proposed standard 

of no v is ib le  emissions has been demonstrated a t  f a c i l i t i e s  equipped 

w i t h  t& control technolooy required by Systems 2 and 3. 

4.1.3 Barges 

To minimize par t icu la te  emissions from unloading grain from barges, 

the bucket elevators (marine legs)* receiving hoppers, and conveyor 

bel ts  can be enclosed. Par t iculate  matter is  ventilated from the 

enclosures t o  a cyclone or f a b r i c  f i l t e r  (Figure 4-4). 

of the enclosures i s  essential  f o r  good capture. Par t iculate  emissions 

from barge receiving operations which use cyclones a re  estimated 

t o  be 0.2 lb/T of grain received. 

par t icu la te  emissions t o  about 0.0006 lb/T of  grain. 

Good maintenance 

Fabric f i l t e r s  a re  able to  control 
6 

Two levels  of  control ,  the  requirements of System 1 and Systems 

The requirements 
- 

2 and 3, were examined fo r  barge unloading of grain. 

of Systems 2 and 3 are identical  fo r  the unloading of barges. 
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System 1 requires an enclosed bucket elevator ( leg)  with venti-  

l a t ion  t o  a fabr ic  f i l t e r .  

leg from the top (including the receiving hopper) t o  the center l i ne  

of the bottom pulley. 

maintained, on both sides of the leg and the grain receiving hopper, 

a t  a r a t e  of a t  l e a s t  32.1' actual cubic meters per cubic meter of grain 

handling capacity (ca. 40 ft3/bushel). 

Systems 2 and 3 require an  enclosed 

Ventilation t o  a fabr ic  f i l t e r  shal l  be 

~ . 

Due t o  the h i g h  level of v i s ib l e  miss ions  obtained, an equipment 

standard has been proposed. The specif icat ions previously l i s t e d  

fo r  Systems 2 and 3 have been demonstrated and EPA has based the proposed 

standard on these specif icat ions.  

4.2 HANDLING AND CONVEYING EOUIPMENT 

4.2.1 Transfer Points 

Screw conveyors a r e  enclosed and are  operated s l h l y  ( l e s s  than 

100 f e e t  per minute) so tha t  minimal par t iculate  matter i s  emitted. 

Drag conveyors a r e  t o t a l l y  enclosed; however, a i r  may be vent i la ted 

from the enclosure t o  a cyclone o r  f a b r i c  f i l t e r  t o  maintain a s l i g h t  

negative pressure. 

po in t s  where the grain i s  disturbed ( i . e . ,  where i t  enters  or  leaves 

the belt) .  .Otherwise, a column of a i r  t ravels  w i t h  the conveyor 

an I does not dis turb the par t icu la te  matter in the grain. 

i f  t ransfer  p o i n t s  a re  close together,  the b e l t  i s  hooded along i t s  

en t i r e  length. 

be 100 f e e t  per minute f a s t e r  than the  speed of the conveyor 

be l t  (500-600 f e e t  per minute) t o  overcome the laminar layer  of a i r  

that  accompanies the grain away from the hood.' Trippers and turn. 

heads are additional t ransfer  mechanisms. Trippers a re  usually hooded 

Hoods are needed on b e l t  conveyors only a t  

Sometimes, . 

The capture veloci ty  of a i r  into the hood should 
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and ventilated to  a control device. 

enclosed or  hooded. 

Turn  heads a r e  usually t o t a l l y  

Air and par t icu la te  matter are vent i la ted from the hoods t o  

cyclones o r  fabr ic  f i l t e r s  (see Figures 4-5 and 4-6). 

emissions f r m  cyclones used t o  control conveyor be l t s  a r e  estimated 

t o  be about 0.1 lb/T of  q r a i n  handled. Par t iculate  emissions from 

fabr ic  f i l t e r s  have been measured a t  about 0.0002 lb/T of grain handled. 

4.2.2 Legs 

Part iculate  

3 

When qrain enters the bottom of a "leq" or  bucket e levator ,  a 

posi t ive pressure is  created a t  the t o p .  

t h i s  pressure by venting the leg ,  connecting the top and bottom 

w i t h  a pipe o r  increasing the s i z e  o f  the hous inq  on the downside 

of the leg. 

creating explosive conditions; therefore ,  some insurance companies 

require t h a t  they be vented t o  minimize t h i s  poss ib i l i ty .  

I t  i s  necessary to  re l ieve  

Part iculate  matter can bui ld  up i n  unvented legs 

Par t iculate  emissions from leg vents can be controlled by cyclones 

or fabr ic  f i l t e r s  (see Figure 4-7). Cyclones a re  estimated to emit 

about 0.1 l b / T  of grain handled. Fabric f i l t e r s  control t o  about 

0.0002 lb/T of grain handled. 

4.2.3 Scales and Garners 

A scale hopper o r  b i n  and the associated surge bins (garners) 

may be vented to a common col lec tor .  

are  used. 

t ha t  air i s  exhausted t o  a comnon control device. 

4.2.4 Storage Silos 

Both cyclones and f ab r i c  f i l t e r s  

I t  i s  a lso  possible t o  vent the bins t o  each other such 

Normally, par t icu la te  emissions from s i l o s  are  not  v i s ib le  and, 

therefore,  they are  not controlled.  In some cases, storage s i l o s  have 
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been ventilated to  a fabr ic  f i l t e r .  

emissions from storage s i l o  vents has hot been estimated; however, EPA 

believes these emissions t o  be minimal and therefore does n o t  

cover s i l o  vents under the proposed standards. 

4 .2 .5  Scalpers and Cleaners 

The magnitude of par t iculate  

Particulate emissions from screen cleaners and scalpers are 

controlled by hoodino or enclosing the eqiiipment and ventizating 

the par t iculate  matter t o  a cyclone or fabr ic  f i l t e r  (see Figure 4-6). 

The more e f f i c i en t  ventilated cleaners use t i g h t  enclosures around 

the screens and more suction to  l i f t  out l i q h t  impurities. 

development i s  screen cleaners w iich have a i r - t igh t  enclosures 

and require no ventilation o r  par t icu la te  emissions control device. 

Scalpers a re  usually t o t a l l y  enclosed. 

A recent 

Particulate emissions from screen cleaners without ventilation 

which are controlled w i t h  cyclones a re  estimated to  be 0.3 lb/T 

of grain handled and those w i t h  fabr ic  f i l t e r s  can control par t iculate  

emissions t o  about 0.003 lb/T. Par t iculate  emissions from cleaners 

w i t h  ventilation are estimated to be 0.6 lb/T w i t h  cyclone control 

and 0.014 lb/T with f ab r i c  f i l t e r s .  

4.2.6 Headhouse and Other Such Structures 

7 

Fugitive par t iculate  emissions from the headhouse and other 

s t ructures  which may house additional grain handlinq operations can 

be minimized by properly controll inq the operations inside of these 
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st ructures .  

t o  an a i r  pollution control device. 

headhouses and s imilar  s t ructures  have not  been  estfmated. 

4.2.7 Control Systems for  Handlinq Operations 

In addition, the headhouse i t s e l f  can be ventilated 

Part iculate  emissions from 

TWO levels  of control were considered i n  the standard se t t inq  

Typical S ta te  requlations,  process for  g r a i n  h a n d l i n g  operations. 

System 1 ,  require grain handling operations to  be ventilated to  a 

cyclone, except a t  terminal e levators  where vent i la t ion to  a fabr ic  

f i l t e r  is  required. 

ments a re  identical  f o r  grain handlinq. 

require vent i la t ion t o  fabr ic  f i l t e r s  or to ta l  enclosures. 

System 3 (bes t  technology) and System 2 require- 

A l l  grain handlinq operations 

The proposed standard of zero percent opacity has been demonstrated 

on System 2 and 3 grain handling operations. 

4.3 DRYING 

There are two types of dryers used i n  the industry, column and 

rack. Uncontrolled column dryers a r e  cleaner than uncontrolled rack 

dryers by v i r tue  of t h e i r  design. Emission t e s t s ,  which can only be 

used as a guide i n  developing the standards due to tes t ing  inaccuracies, 

performed on column dryers with no control showed par t icu la te  emissions 

of about 0.25 lb/T,8 and par t icu la te  emissions of about 0.18 lb /T  of 
grain dried from a column dryer equipped with a 58 mesh screen. 9 

Par t icu la te  emissions from a column dryer with 0.05 inch diameter 

Perforations in the column sheeting were measured a t  0.05 Ib /T  of 

grain dried.  10 

Thti simplest control technique used on a rack type dryer i s  a 

screen house. A large enclosure i s  b u i l t  around the dryer exhaust 

with 24 mesh screen t o  re ta in  the beeswings. The beeswings s e t t l e  

t o  the ground and are  periodically removed by hand. More sophisticated 

vacuum-cleaning control devices use metal o r  polyester screens, as shown 
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in  Fiqure 4-8. Commonly used screen sizes vary from 35 t o  100 mesh. 

Vacuum heads automatically sweep the screen t o  clean i t  of captured 

pa r t i c l e s .  Par t iculate  emissions from rack dryers are  estimated t o  

be 1.5 lb/T of grain dried when a 24 mesh screen is  used, about 

0.3 l b / T  when a 50 mesh screen i s  used, and were measured a t  0.05 

lb/T when a vacuum-cleaned 100 mesh screen was used.ll 

Figure 4-9 shows the resu l t s  of emission t e s t s  performed on 

rack and column dryers. T h i s  graph shows tha t  par t icu la te  emissions 

from a rack dryer equipped w i t h  a 50 mesh vacuum-cleaned screen 

are  approximately equal t o  par t icu la te  emissions from a column dryer 

w i t h  no screens. I t  must be noted again t h a t  these data can only be 

used as a guide due t o  the tes t ing  inaccuracies encountered. 

T h r e e  le3els  o f  control were discussed for column grain dryers 

and f o r  rack grain dryers. 

System 1 ,  require no screens ( f i l t e r s )  on column dryers and 24-30 mesh 

screens ( f i l t e r s )  on rack dryers. 

100 mesh vacuum-cleaned screen ( f i l t e r )  on both column and rack 

dryers. System 2 would require no screens ( f i l t e r s )  on column dryers 

and 50 mesh vacuum-cleaned screens ( f i l t e r s )  on rack dryers. 

EPA determined tha t  typical S ta te  regulations,  

System 3 control requires a 

System 2 column dryers have demonstrated t h a t  the proposed standard 

of 0% opacity i s  achievable. 

p la te  hole diameters of 0.084 inch o r  l e s s  have also demonstrated com- 

pliance w i t h  the proposed 0% opacity standard. 

prohibit ive fo r  column dryers as explained in Chapter 6. 

vacuum-cleaned screens ( f i l t e r s )  instead of 50 mesh vacuum-cleaned screens 

( f i l t e r s )  on rack dryers resu l t s  i n  increased operating costs  and 

only minimal reduction in par t icu la te  emissions. Par t icu la te  emissions 

from column dryers w i t h  no screens ( f i l t e r s )  are  approximately equivalent 

Column dryers w i t h  column perforation 

System 3 is  economically 

Using 100 mesh 
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F'gure 4-8* Rack dryer wi th  screen filter. 
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Figure 4-9. Dryer emissions versus screen size. 
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t o  par t iculate  emissions from rack dryers with 50 mesh screens 

( f i l t e r s ) .  

4.4 LOADING 

4.4.1 Trucks 

Chapter 8 explains this rat ionale  i n  more de t a i l .  

Very few truck loading s ta t ions  have ventilation type control 

systems. 

by r e d u c i n g  the f ree-fal l  distance between the end of the loading 

spout and  the truck bed. 

spout a s  shown in Figure 4-10 o r  w i t h  a canvas sock extension. 

hkight o f  a telescoping spout  can be quickly adjusted t o  any level 

t o  maintain i t  a t  the surface of the grain. 

t o  move l a t e r a l l y  t o  spread the g r a i n .  

be required. 

kkight is n o t  as eas i ly  varied and the f lex ib le  material does not 

work well i n  other than a ver t ica l  pos i t ion .  

replaced frequently because some grains are very abrasive and quidkly wear 

holes t h r o u g h  the canvas. 

ins ta l led  b u t  must take in to  account the variety i n  s ize  and heiglit 

of trucks. Capture can be improved i f  the loading area i s  enclosed 

by some type of shed. 

f a c i l i t i e s  controlled with cyclones a re  estimated t o  be 0.03 lb/T. 

Fabric f i l t e r s  can control par t icu la te  emissions t o  about 0.001 lb/T. 

Par t iculate  emissions from truck loading can be minimized 

This can. be accomplished with a telescoping 

The 

I t  can a l so  be designed 

Very l i t t l e  maintenance would 

A canvas sock can serve the same purpose; however, the 

Canvas socks must be 

A permanent hooding device can a l so  be 

Part iculate  emissions from truck loading 

EPA considered three levels  o f  control i n  developinq the proposed 

standards fo r  truck loading s ta t ions .  The requirements of t.ypica1 Sta te  

standards is  System 1 .  This  requires vent i la t ion to  a cyclone. Weather 

conditions may require a shed or a roof to  protect the loading operation. 

System 3 ,  considered by EPA t o  be the best control technique, requires 
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Figure 4-10. 'Truck loading control sys tem.  
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vent i la t ion to  a f ab r i c  f i l t e r  and a t o t a l l y  enclosed shed around the 

truck loading operation. Two ends can be equipped with quick-closinq 

doors. 

however, i t  requires a shed w i t h  only three sides.  

equipped w i t h  a quick-closing door .  

System 2 requires vent i la t ion to  a fabr ic  f i l t e r  a s  i n  System 3; 

One end can be 

The proposed standard of 10% opacity has been achieved by a 

System 2 truck loadinq operation. 

System 3 ex i s t s  i n  the f i e l d .  

4.4.2 Railcars 

4.4.2.1 

can be s imilar ly  minimized by use of  a telescoping loading spout or 

a canvas sock extension. 

closed except for  the one grain is entering. 

t o  a c t  as i t s  own s e t t l i n q  chamber. 

Presently no such operation as 

Hopper Cars - Par t icu la te  emissions from hopper car loading 

All hatch doors on the car  must be kept 

T h i s  allows the car  

Another technique used is  to i n s t a l l  a hood a t  the discharge of 

the loadinq spout .  

t o  a control device as shown i n  F i g u r e  4-11. 

hatch doors must be k e p t  closed. 

the loading area is  enclosed by some type of shed. 

emissions from hopper car loading f a c i l i t i e s  which use cyclones are  

estimated t o  be 0.03 lb/T. 

The par t icu la te  matter is captured and vent i la ted 

In t h i s  case also,  the 

Control can be further improved i f  

Controlled par t icu la te  

12 Fabric f i l t e r s  can achieve about 0.001 lb/T. 

There a re  bas ica l lv  three control technology systems fo r  ra i l road 

hopper car  loading. 

requires a hooding system vent i la ted to a cyclone. Svstem 2 requires 

the same type of hoodinq system b u t  with vent i la t ion t o  a fabr ic  

f i l t e r .  

open ends around the operation a r e  required. 

System 1,  which r e f l ec t s  typical S ta te  requlations,  

In addition, a special loadinq spout and a shed with two 

System 3 ,  the best 
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NOTE: 3-WAY VALVE LEADING-LEXIBLE LfiDrNGSPOUTS PERMITS 
LOADING DF CENTER ORSlDE OPENINGS IN TOP OF HOPPER CARS. 

Figure 4-11. Hopper car loading control system. 

l -  
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possib le  c o n t r o l  technoloqy, requ i res  the  same hooding, v e n t i l a t i o n  and 

load inq  spout as Svstem 2. 

c l o s i n g  doors on two ends i s  requ i red .  

However, a t o t a l l v  enclosed shed w i t h  quick- 

NO such opera t ion  as System 3 f s  presen t l y  i n  use. System 2 

operat ions have demonstrated t h a t  t h e  proposed opac i ty  l i m i t  of 

0% i s  achievable. 

4.4.2.2 Boxcars - Present ly ,  very  few boxcar load ing  s t a t i o n s  use 

any type of con t ro l  device. 

by a hood loca ted  beside the t r a c k  as shown i n  F igure 4-12. 

enclosure should be extendable f rom the hood t o  the door o f  the 

car. 

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

by some type of shed. 

f a c i l i t i e s  equipped w i t h  cyclones a r e  about 0.03 l b /T  o f  g r a i n  loaded. 

The p a r t i c u l a t e  emissions can be captured 

An 

The p a r t i c u l a t e  mat te r  can then be v e n t i l a t e d  t o  a cyclone o r  

Control  can be improved i f  t h e  loading a r e a ' i s  enclosed 
/ 

Cont ro l led  p a r t i c u l a t e  emissions from boxcar loading 

A 
f ab r i c  f i l t e r  would emi t  less  than 0.001 lb/T. 12 

Ra i l road boxcar loading operat ions,  as i n  r a i l r o a d  hopper car  loading 

operat ions,  have th ree  l e v e l s  o f  c o n t r o l  which were considered by EPA. 

System 1 requ i res  some form o f  hooding system v e n t i l a t e d  t o  a cyclone. 

System 3 requ i res  a t o t a l l y  enclosed shed w i t h  qu ick -c los ing  doors on 

two ends and a t i g h t l y  sealed (s ide-door)  hooding system v e n t i l a t e d  t o  a 

f a b r i c  f i l t e r .  System 2 requirements a re  i d e n t i c a l  t o  System 3 requirements 

except t h a t  a shed w i t h  two open ends i s  requi red.  

EPA i s  Proposing a zero percent  opac i ty  standard f o r  r a i l r o a d  boxcar 

loading s t a t i o n s  based on a t r a n s f e r  o f  technology from r a i l r o a d  hopper 

car  ;loading s t a t i o n s .  

4.4.3 Ships and Barges 

- 

P a r t i c u l a t e  emissions from barge load ing  can be minimized by reducinq 

the f r e e - f a l l  d is tance from t h e  end of the  spout t o  the  g ra fn  sur face 
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Figure 4-12. Control s y s t m  for boxcar loadinq.  
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as discussed in the truck loading section. 

used should be closed. 

of the spout mrly be necessary (Figure 4-13). 

ventilated from the end of the s p o u t  can be collected i n  a cyclone 

or fabr ic  f i l t e r .  

barge loading are  e s t i m t e d  t o  be 0.06 lb/T.  

about 0.001 lb /T .  

All hold hatches n o t  being 

In addition, vent i la t ion from the discharge end 

The par t iculate  matter 

Par t iculate  emissions from cyclones which control 

Fabric f i l t e r s  can achieve 

TNO approaches are  used t o  control par t icu la te  emissions from 

s h i p  l o a d i n g .  

a. The en t i r e  hold i s  covered with canvas o r  p l a s t i c  

except where the loading spout enters .  

matter may be ventilated from beneath the cover t o  

a cyclone or f a b r i c  f i l t e r .  

b. A telescoping loading s p o u t  i s  kept extended t o  the 

grain surface.  Ventilation i s  applied a t  the end of 

the spout and the par t icu la te  matter i s  col lected i n  

a cyclone o r  fabr ic  f i l t e r  as shown i n  Figure 4-13. 

Par t iculate  

Two var ia t ions of t h i s  l a t t e r  approach were observed by EPA. The end 

of the loading spout  on one operation was extended in to  the  grain surface 

t o  minimize the generation o f  par t icu la te  emissions. The other operation 

used a "dead box" system a t  the end of the loading spout t o  slow 

the flow of the grain as i t  entered the hold. The end of the spout 

was kept a s l i g h t  dis tance ( s i x  inches t o  one foot)  above the qrain 

level i n  the hold. 

Either approach can be ducted t o  a cyclone control device which will 

emit about 0.06 lb/T of grain loaded or  a f a b r i c  f i l t e r  which wil l  

emit about 0.001 lb/T.5 i 
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Figure 4-13. Barge or ship loading control system. 
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Two leve ls  of control were investiqated by EPA for  barqe and 

s h i p  loading s ta t ions .  

spout w i t h  vent i la t ion to  a cyclone. 
s imilar  choke-feed loading spout b u t  w i t h  vent i la t ion t o  a fabr ic  

f i l t e r .  

System 1 requires a choke-feed loading 

Systems 2 and 3 require a 

The best  control system has demonstrated t h a t  the proposed 

opacity l imi t s  of 10% f o r  general loading and 15% fo r  topping-off 

a re  achievable. 

4.5 ALTERNATIVE CONTROL SYSTEMS 

The individual control techniques fo r  each affected f a c i l i t y  

previously described in this chapter were formulated in to  three 

a l t e rna t ive  levels  of control.  

control a l l  of the par t icu la te  m i s s i o n  sources from a complete grain 

elevator.  For purposes of determininq the economic and environmental 

impacts, EPA developed six model elevators and six model processor 

elevators.  These model elevators a r e  discussed i n  Chapter 6. The three 

a l t e rna t ive  control systems are  summarized i n  this section. To 

determine the t rue impact of a control system on a i r  pollution, the 

reduction i n  a i r  pollution beyond t h a t  which would otherwise be 

achieved by s t a t e  o r  local regulations must be determined. 

s t a t e s ,  grain elevators a r e  subject  t o  a general process weight 

regulation desiqned to  minimize par t icu la te  emissions from any source. 

Examples of such requlations a re  i l l u s t r a t e d  i n  Figure 4-14. 

these regulations the allowable par t icu la te  emissions are a function of t h 2  

amount of material being handled. The stringency of such regulations 

is  often t o t a l l y  dependent on in te rpre ta t ion  by the enforcement agency. 

Each of these a l te rna t ive  systems 

In most 

W i t h  

. 

.r 
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Telephone conversations w i t h  members o f  several s ta te  agencies revealed 

t h a t  d i f f i c u l t y  has been experienced in defining the source e n t i t i e s  a t  a 

grain elevator  t o  which the regulation i s  appropriate. Llost s t a t e s  appear 

t o  interpret each process within an elevator as a separate emission source 

which can emit the maximum allowed by the Drocess weight reaulation. 
possible extremes, of course, a re  t o  regulate:  

as one source or  ( b )  each vent o r  control system as a separate source. 

If the same process curve i s  used regardless of interpretat ion,  i t  

is obv ious  t h a t  allowable emissions increase with the number of emission 

paints i f  each vent system i s  examined Independently. 

v i s ib le  emission regulations allow fugi t ive  par t iculate  emissions u p  t o  

20 percent opacity. 

The 
( a )  the entire elevator 

Typical s t a t e  

From t h i s  information, EPA has concluded t h a t  a typical S ta te  

standard (designated as System 1 )  requires the following: 

>stem 1 

1 .  High-efficiencv cyclones on a l l  affected f a c i l i t i e s  

(excluding dryers) ,  except r a i l c a r  unloading a t  port  

terminals, barge and ship loading a t  inland terminals, 

and barge and s h i p  unloading where fabr ic  f i l t e r  controls 

are required. 

2. No screens ( f i l t e r s )  on column dryers and 20 t o  30 mesh 

screens on rack dryers. 

System 2 represents a more s t r ingent  level of control and is  the 

control system on which EPA has based the proposed standards. System 2 

consis ts  of the following: 
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System 2 

1 .  Fabric f i l t e r  control on a l l  affected f a c i l i t i e s  excluding 

dryers. 

No screens ( f i l t e r s )  on column dryers and 50 or f ine r  mesh 

Vacuum-cleaned screens on rack dryers. 
Three-sided shed on truck unloading and truck loading. 

Shed w i t h  two open ends fo r  boxcar and hopper car  loadinq. 

Totally enclosed shed fo r  r a i l c a r  unloading. 

Totally enclosed leg for  barge and s h i p  unloading. 

2. 

3 .  

4. 

5. 

6. 

System 3 represents the best  control technoloqy possible not 

considering costs.  

following items: 

System 3 is ident ical  t o  System 2 except fo r  the 

System 3 

1.  100 mesh vacuum-cleaned screens ( f i l t e r s )  on column and rack 

dryers. 

Totally enclosed sheds on truck unloading, truck loading, 

boxcar loading and hopper car  loadtng operations. 

2. 
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5. E M I S S I O N  DATA TO SUBSTANTIATE THE PROPOSED STANDARDS 

Emission data presented i n  t h i s  sec t i on  are d i v ided  i n t o  p a r t i -  

cu la te  emission data from f a b r i c  f i l t e r s ,  p a r t i c u l a t e  m i s s i o n  data 

from g ra in  dryers,  and v i s i b l e  emiss ion lopac i ty  data. 

45 e leva tors  i n  an attempt t o  f i n d  best  demonstrated technology 

i n  the g ra in  e leva to r  indus t ry .  

from 11 processes c o n t r o l l e d  w i t h  f a b r i c  f i l t e r s  a t  e i g h t  o f  these 

e levators .  

g ra in  d ry ing  operat ions.  V i s i b l e  emiss ion lopaci ty  observat ions 

were taken a t  eleven e leva tors  from both  the  f a b r i c  f i l t e r s  and 

the sources o f  f u g i t i v e  emissions. 

t e s t s  are used t o  subs tan t ia te  the proposed standards. 

describes the  tes ted  f a c i l i t i e s  and prov ides more d e t a i l  on the 

r e s u l t s  o f  t h e  mass p a r t i c u l a t e  measurements. 

EPA insDected 

P a r t i c u l a t e  emissions were measured 

EPA attempted t o  measure p a r t i c u l a t e  emissions from two 

The r e s u l t s  o f  these emission 

Appendix C 

5.1 PARTICULATE E M I S S I O N  DATA - FABRIC FILTERS 

EPA measured p a r t i c u l a t e  emissions from 11 o f  the best  c o n t r o l l e d  

processes se lected from those a t  the  45 e leva to rs  t h a t  were inspected. 

The r e s u l t s  summarized in Figure 5-1 cover mass p a r t i c u l a t e  mat te r  

emissions r e s u l t i n g  from unloading, handl ing,  cleaning, and load ing  

operat ions equipped w i t h  f a b r i c  f i l t e r  con t ro l .  F a c i l i t i e s  A and B 

are t r u c k  unloading s ta t i ons  w i t h  v e n t i l a t i o n  o f  t h e  rece iv ing  

hoppers and w f t h  three and two-sided enclosures, respec t ive ly .  

F a c i l i t y  C i s  a t o t a l l y  enclosed boxcar unloading s t a t i o n  a t  a 

terminal  e levator .  F a c i l i t i e s  D and E a re  barge unloading 

operat ions (marine l egs )  a t  p o r t  te rmina l  e leva tors .  F a c i l i t y  F 

i s  a completely hooded tunnel  conveyor b e l t  and l e g  boot  system, 

and F a c i l i t y  G i s  a rece iv ing  conveyor b e l t  and l e g  boot system. 
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Figure 5-1 - Particulate emissions from processes contioiled by fabric filters. 
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The fabr ic  f i l t e r  a t  Fac i l i ty  H co l l ec t s  par t icu la te  matter and chaff 

ventilated from the whole wheat cleaning system of a f lour  mill .  

Uncontrolled par t icu la te  emissions from this cleaning process 

are greater  than from cleaning processes a t  e levators ;  therefore,  

the controlled par t icu la te  emissions should be representative of o r  

higher than what can be achieved a t  grain elevators.  Fac i l i ty  I is 

a corn cleaner w i t h  some vent i la t ion.  Faci1it.v J i s  a ship loading 

s ta t ion  and Faci l i ty  K is a r a i l c a r  loadtng s ta t ion  w i t h  a shed 

w i t h  two open ends. In a l l  cases,  the processes are  controlled 

by fabr ic  f i l t e r s  using fe l ted ,  synthet ic  f i b e r  bags, reverse 

a i r  cleaning and an air-to-cloth r a t i o  of about 1O:l. 
_ _  

Whenever possible, a l l  t e s t  runs a t  each f a c i l i t y  were conducted 

while only one o f  the  four major grains (corn,  wheat, soybeans, milo) 

was processed. 

was handled through the t e s t  period. 

only corn; Fac i l i ty  R ,  only sobbeans; and Fac i l i t i e s  C ,  H ,  and J ,  

only wheat. Fac i l i ty  F handled milo exclusively d u r i n g  the f i r s t  

four t e s t  runs and wheat d u r i n g  the f i f t h  t e s t .  

f a c i l i t i e s  (D, E ,  and K) handled mixtures of two or  four grains.  

The data do not show any e f f ec t  on the emissions from the type of 

grain processed. 

However, a t  some f a c i l i t i e s  a mixture of these grains 

F a c i l i t i e s  A ,  G ,  and I handled 

The remaining 

A t  most of the f a c i l i t i e s ,  three t e s t  runs ( 2  hours each) were 

conducted according t o  EPA's Method 5 except t ha t  no heaters were 

used on the sampling probe and f i l t e r  holder. 

105 minutes was obtained a t  Fac i l i t y  I because an  adequate supply 

of corn was not avai lable  t o  maintain longer operation of the corn 

Only one r u n  of 
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cleaner. Process operation was normal du r ing  a l l  the t e s t s  except 

as reported below. 

Very s l i g h t  v i s ib l e  emissions were evident from the fabr ic  

f i l ter  exhaust a t  Fac i l i ty  E, and several large pa r t i c l e s  were 

caught i n  the  t e s t  t r a in .  

d u r i n g  the test; therefore ,  data from test E a r e  not considered valid.  

The fourth of f i ve  t e s t  runs a t  Fac i l i ty  F was conducted when the 

This indicated a leak i n  the  fabr ic  f i l t e r  

l a s t  portion of milo was being pulled from a storage b i n  and was 

being "turned" (moved t o  another b i n ) .  Par t icu la te  matter concen- 

t r a t ions  i n  the fabr ic  f i l t e r  i n l e t  increased from 0.23 grains per 

dry standard cubic foot (gr /dscf)  i n  previous t e s t  runs t o  0.90 gr/dscf.  

The .034 gr/scf measured a t  the f ab r i c  f i l t e r  exhaust during the 

fourth t e s t  r u n  was over 100 times higher than the other runs. The 

material caught in the sample t r a i n ,  unlike par t icu la te  matter from 

grain t h a t  i s  normallv encountered, contained a powdery material. 

Apparently, the milo was contaminated; therefore ,  the r e su l t s  of the 

fourth t e s t  run were not considered representat ive of normal 

process operation. 

No chemical o r  physical change takes place in the grain or 

par t icu la te  matter as i t  proceeds through the elevator.  

fabr ic  f i l t e r  par t icu la te  emissions from one process should not vary 

s igni f icant ly  from another. 

t e s t  data.  The average par t icu la te  emissions concentration from 

a l l  f a c i l i t i e s  (excluding Fac l l i ty  E and run  4 a t  Fac l l i ty  F) i s  

Therefore, 

This assumption i s  ver i f ied by the 

.003 gr/dscf.  I 
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5.2 PARTICULATE EMISSION DATA - DRYERS 

EPA attempted t o  measure p a r t i c u l a t e  emissions from two g r a i n  

,drvers. 

i n  developing the  standard due t o  the numerous d i f f i c u l t i e s  encountered 

The data co l lec ted ,  however, can o n l y  be used as a guide 

i n  the measurement technique. The Agency has concluded t h a t  methods 

f o r  measuring p a r t i c u l a t e  emissions from g r a i n  d ryers  a re  n o t  

ava i l ab le  a t  t h i s  time. 

F a c i l i t y  L, a rack dryer  c o n t r o l l e d  w i t h  a screen f i l t e r  \with 

Corn was being 150 micron openings (100 mesh), was tes ted  by EPA. 

d r i e d  and t h e  process was operat ing normal ly.  

o f  0.05 l b / t o n  were measured from t h i s  f a c i l i t y . ’  

P a r t i c u l a t e  emissions 

F a c i l i t y  M, a column dryer  c o h t r o l l e d  by a screen f i l t e r  w i t h  

300 micron openings (58 mesh), was a l s o  tes ted  by EPA. 

d r i e d  and the  process was operat ing normal ly.  

o f  0.18 l b / t o n  o f  g r a i n  d r i e d  were measured from t h i s  f a c i l i t y . 2  

Corn was being 

P a r t i c u l a t e  emissions 

5.3 VISIBLE E M I S S I O N / O P A C I N  DATA 

V i s i b l e  einission/opaci ty observat ions were taken a t  11 e leva tors  

cover ing both f a b r i c  f i l t e r s  and sources o f  f u g i t i v e  m i s s i o n s .  

Appendix C descr ibes the tes ted  f a c f l i t i e s  I n  more d e t a i l .  

Figure 5-2 summarizes the v i s i b l e  emission/opaci ty data f o r  a l l  the 

f u g i t i v e  p a r t i c u l a t e  emission sources a t  g r a i n  e leva tors ,  except 

barge and sh ip  unloading equipmin.. 

standard dev ia t ion ,  range, and p o s i t i v e  95 percent confidence l e v e l  

o f  the s ix-minute opac i ty  averages f o r  each o f  these a f f e c t e d  f a c i l i t i e s .  

The proposed opac i ty  standards f o r  these sources are based on the 

p o s i t i v e  95 percent confidence l e v e l .  

This c h a r t  give, the average, 
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Figure 5-2. VISIBLE EilISSION/OP;rCiTY DATA SMIARY 
FOR FUGITIVE PARTICULATE EMISSION SOURCES 
AT G R 4 I i I  ELEVATORS (EXCLUDING BARGE 
AilD SHIP UNLOADING EQUIPMENT) 

I SIX MIWTE OPACITY AVERAGES 

N FACILITY 

1 .  Truck Unloading I 139 1: Railcar Unloading1 1: 
Grain Hanl : ing  

__ . . _- 
4. Truck Lmdinq 

5.  Railcar Loading 
_- 

a .  Boxcar 1 6  

b.  ;;;;:;:car 

7. Barge and Ship 
Loading 
a. Topping of f  

.- 

b. General F 
. 8 .  ..Dry!ng.s. a ...,. Col umn. 126 - -  

b. Rack I 5 

.02 

0 

0 

fl.1 

3.7 

0 

5.7 

3.4 

.04 

0 

RANGE*(%) 

NVE-1 

ALL WE 

0 1 ALL NVE 

2 .5  I 1-10 

0 NVE-0 

L- 
4.8 I NVE-17 

2.6 I NVE-9 

NVE-1 

NVE-0 

+95% 
EVEL* ( 2  

0 (.27 

0 

0 

8(8.2) 

6(5.5) 

0 

I4( 13.6 

g(7.6) 

0 

_.__- 

PROPOSED VISIBLE 
EMISSION/OPACITY 
STANDARDS 

0% Opacity 

No Visible Emissions 
-- 

0% Opacity 

10% Opacity 
__ - 

0% Opacity 

0% Opacity 

15% Opacity 

10% Opacity 

. . ... .. . . . . 

0% Opacity . .  

0% Opacity 

KEY:  
- N= Fiumber of 6 minute Avera!!es 
X= Average 
S= ST3 Deviation 

*Onacity valuss have been -ounded o f f  t o  t h e  n?arest whol? n u h e r .  
iIVE= No Visible Emissions 

The 
actual posi t ive 95 percent confidence level i s  given i n  parentheses. 
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The vis ible  ernission/opacity d a t a  are also sumnnrized for  each 

affected f a c i l i t y  i n  this section. 

were gathered u s i n g  LPA Reference Method 9, originally promulgated 

in the FEDERAL REGISTET on December 23, 1971 (36 FR 24877) and revised 

on ,:ovember 12,  1974 (39 FR 39872). 

l a t a  for  the fugitive sources of par t icu la te  matter a t  grain elevators ,  

EPA made a dis t inct ion between zero percent opacity and no  v i s ib le  

emissions. 

source would see no vis ible  emissions without the aid of instruments, 

while zero percent opacity indicates v is ib le  emissions which are 

n o t  of a magnitude t o  record f ive percent opacity. Reference 

Method 9 specif ies  t ha t  24 observations be taken a t  15-second 

intervals  and averaged over a six-minute per iod.  The individual 

observations are recorded in 5 percent increments (0 ,  5 ,  10, e t c . ) ;  

however, averaging 24 observations may r e su l t  in a six-minute 

average which i s  n o t  a whole number. 

i s  t o  be rounded off  t o  the nearest whole number following the 

standard rules of rounding (e.g. 0.49 would be rounded off  t o  

0 ,  0.50 would be 1 ,  7.51 would be 8, e t c . ) .  

affected f a c i l i t y  subject t o  a zero percent opacity standard could 

have two of 24 observations a t  5 percent opacity and the other 22 

observations a t  0 percent oDacity and s t i l l  be in compliance. The 

six-minute average in t h i s  case would be 0.42 percent and would be 

rounded off  t o  0 percent, the nearest whole number. 

Visible emissionlopacity data 

In  obtaining v is ib le  emission 

No vis ible  emissions means an inspector viewing a 

The six-minute average 

This means tha t  an 
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5.3.1 Truck Unloading Sta t ions  

F a c i l i t y  N 

F a c i l i t y  N i s  a t r u c k  unloading s t a t i o n  loca ted  a t  a p o r t  

terminal  e leva tor .  

f a c i l i t y  a re  sumnarized i n  Table 5-1. 

opac i t y  averages were taken which ranged from no v i s i b l e  emissions 

t o  1 (0.833) percent  opacilcy. 

'normal ly  dur ing  the  observat ion per iod.  A t o t a l  o f  23 t rucks  o f  

The v i s i b l e  emiss lon/opaci ty  data from t h i s  

A t o t a l  o f  54 s ix-minute 

.. . . __ .. __-- - __ . .. . . 

Tile t r u c k  unloading operat ion was opz ra t i ng  

var ious designs and s izes  unloaded wheat du r ing  t h i s  per iod.  

F a c i l i t y  A 

F a c i l i t y  A i s  a t r u c k  unloading s t a t i o n  located a t  an i n l a n d  

te rmina l  e leva tor .  The v i s i b l e  emission/opaci ty data f rom t h i s  

f a c i l i t y  a r e  sumar i zed  i n  Table 5-2. A t o t a l  o f  84 s ix-minute 

opac i t y  averages were taken which ranged from no v i s i b l e  emissions 

t o  0 (0.21) percent opaci ty .  

normal ly  du r ing  the observat ion per iod .  A t o t a l  o f  51 t r u c k s  o f  

var ious designs and s izes  unloaded corn  and soybeans dur ing  t h i s  

per iod.  

5.3.2 R a i l c a r  Unloading S ta t i ons  

Tile t r u c k  unloading operat ion was opera t ing  

F a c i l i t y  C 

F a c i l i t y  C i s  a r a i l c a r  unloading s t a t i o n  a t  a p o r t  terminal  

e leva tor .  

of boxcar unloadlng operat ions.  A l l  observat ions were no v i s i h l e  

emissions. Table 5-3 summarizes t h e  data obtained a t  t h i s  f a c i l i t y .  

A t o t a l  o f  n ine  boxcars were observed du r ing  normal unloading operat ions.  

'*'heat was heing unloaded throughout the  observat ion per iod.  

A t o t a l  o f  20 s ix-minute opac i t y  averages were taken 
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Table 5-1 

FACILITY N3 

S u m r y  o f  V i s i b l e  Emission Data 
f o r  Truck Unloading 

Date: September 25, 1975 

Type o f  F a c i l i t y :  Truck Unloading 

Type o f  Discharge: F u g i t i v e  

Locat ion o f  Discharge: Shed Door 
20' x 15 '  

Dis tance from Observer t o  

He igh t  o f  Observation Po in t :  GroulxC. 

Di.scharge Point :  40 ft. 

Level 

Height o f  Po in t  o f  Discharge: 0 '  t o  20' 

Descr ip t ion  o f  Background: Sky and Trees 

D i r e c t i o n  o f  nbserver f rom 
Discharge Po in t :  East 

Desc r ip t i on  o f  Sky: Hazy t o  Blue 

Wind D i rec t i on :  North Wind Ve loc i ty :  5-10 mi /hr  

Color o f  P1 ume : Detached Plume: None 

In te r fe rence  o f  Steam Plume: None 

Durat ion o f  Observation: 9/25/75 - 210 minutes 

Summary o f  Data : 

NO. o f  6-Minute No. of Averages Range of Average 
- Run Averages a t  N-V-E :Averages Opaci ty (%) 

. .. 

1A 20 
1B 15 
1c 19 

17 I(-V-E t o  1 (.83) 0 (0.07) 
13 N-V-E t o  0 0 0.03 
16 N-V-E t o  0 I::?] 0 [0.01] 



Table 5-2 

FAC IL ITY A4 

Summary of Visible Emission Data 
fo r  Truck Unloading 

Date: September 29, 1975 

Type of Fac i l i ty :  Truck Unloading 

Type of Discharge: Fugitive 

Location o f  Discharge: Shed Door 
20' x 15' 

Distance from Observer t o  

Height of Observation Point: Ground, 

Discharge Point: 25 f t .  

Level 

Height of Polnt o f  Discharge: 0'  t o  28' Direction of Observer from 

Description of Background: Grain B i n  

Discharge P o i n t :  West 

Descripticn of Sky: 25% - 754: cloudy 

Wind Direction: Southeast 

Color of Plume: 

Interference of Steam Plume: None 

Duration of Observation: 504 minutes 

Wind Velocity: 13-10 mi/hr 

Detached Plume: None 

Summary of Data : 

No. of 6-Minute No. of Averages Range of Average 

, 1 A  E7 24 It-V-E t o  0 0 (.008) 

- Run Averaqes a t  N-V-E Averages Opacity (%) 

1 B  24 22 N-V-E t o  0 I:;;] 
N-V-E t o  0 (.21) 0 (.006 1c 33 28 
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Table 5-3 

FACILITY C3 

Summary o f  V i s i b l e  Emission Data 
f o r  Boxcar Unloading 

Date: September 23, 1975  

Type o f  F a c i l i t y :  Boxcar Unloading 

Type of Discharge: F u g i t i v e  Distance from Observer t o  

Locat ion o f  Discharge: Shed Door Height o f  Observat ion Point :  Ground- 

Height of Po in t  o f  Discharge: 0 '  t o  20' D i r e c t i o n  of observer f rom 

Descr ip t ion  o f  Background : B u i l d i n g  

Discharge Po in t :  20 ft. 

20 ' x 15' Level 

Discharge Point :  East and West 

Descr ip t ion  o f  Sky: Overcast 

Wind D i r e c t i o n :  South-Southeast Wind Ve loc i ty :  5-10 mi/hr 

Color o f  Plume: Detached Plume: None 

In te r fe rence  o f  Steam Plume: None 

Durat ion o f  Observation: 120 minutes 

Summary o f  D a t a  : 

No. o f  6-Minute Range o f  
- Run Averaqes Averaqes 

1 A  10 A l l  N-V-E 
1B 10 A l l  N-V-E 
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5.3.3 Barge and Ship Unloading Equipment  

Fac i l i ty  D 

Faci l i ty  D i s  a barge unloading operation a t  a p o r t  terminal 

elevator.  

a t  Fac i l i ty  0. 

Wheat and corn were being unloaded and the unloading operations 

Table 5-4 summarizes the fug i t ive  emission data collected 

Visible emissions ranged from 0 t o  30 percent opacity. 
. . . . . . . . . . . . . . . . . . . . 

proceeded normally. 

reader. 

These data were taken by an unqualified opacity 

Fac i l i ty  E 

Faci l i ty  E i s  a barge unloading operation a t  a port  terminal 

elevator.  

data collected a t  Fac i l i ty  E .  

ranged from 5 (4.8) t o  67 (66.9) percent. 

ranged from 0 t o  100 percent. 

opacity reader. 

while soybeans and corn were unloaded. 

5.3.4 Grain Handling Operations 

Tables 5-5 and 5-6 sumnarize the  fugi t ive emission 

The six-minute opacity averages 

Individual opacity readqngs 

These data were taken by an unquaiified 

Normal barge unloading operations were maintained 

- ..__I - -. 

Faci l i ty  0 

Fac i l i ty  0 i s  a headhouse and ex ter ior  conveyor system (grain 

h a n d l f n g  operations) located a t  a por t  terminal elevator.  Ihlheat 

was being unloaded, t ransferred,  and cleaned within the headhouse 

d u r i n g  the 216 minutes of ohservations. A t o t a l  of 36 six-minute 

opacity averages were taken; a l l  were no v i s ib l e  emissions. 

operation was maintained during the observation period. 

Normal 

Tahle 5-7 

sumnarizes the fugi t ive emission data collected a t  Fac i l i ty  0. 
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Table 5-4 

FACILITY D5 

Summary o f  V i s i b l e  Emission Data 
f o r  Barge Unloading* 

Date: October 17, 1972 and October 18, 1972 

- . ~  . 

Type O f  F a c i l i t y :  Grain E leva tor  Barge Unloading 

Type o f  Discharge: F u g i t i v e  Distance f rom Observer t o  Discharge Point :  40' 

Locat ion  o f  Discharge: Marine Leg & Barge He igh t  o f  Observat ion Point :  5 '  

He igh t  o f  P o i n t  o f  Discharge: 15'  D i r e c t i o n  o f  Observer f rom Discharge Po in t :  N.A. 

Desc r ip t i on  o f  Background: N.A. 

Desc r ip t i on  o f  Sky: Clear 

Wind D i rec t i on :  N.A. 

Co lo r  O f  ?lUme: . Brown 

.. 

Wind Ve loc i t y :  N.A. 

Detached Plume: No 

Dura t ion  o f  Observation: A t  l e a s t  f o u r  readings were made o f  f u g i t i v e  emissions from the  
process every hour and v i s i b l e  emissions ranged f rom 0 t o  30 
percent opaci ty .  

N. A. - Not A v a i l a b l e  

NOTE: DATA TAKEN BY UNOUALIFIED READER 

*Taken dur ing  p a r t i c u l a t e  emission t e s t s  o f  f a b r i c  f i l t e r .  



Table 5-5 

FACILITY E 
6 

100 

’ 

Sumnary o f  Visible Emission Data 
for  Barge Unloading* 

Date: October 30, 1973 

- 

Type Of Faci l i ty :  Grain Elevator - Barge Unloading 

Type o f  Discharge: Fug i t i ve  Distance f r o m  Observer t o  Discharge Point: 300’ 

Locat ion of Discharge: Marfne Leg and Barge Height  of Observation Point: 10’ 

Height of Po in t  of Discharge: 0 D i r e c t i o n  of Observer from Discharge Point: North 

Descr ip t ion  of Background: Shipping Dock, S t ruc tura l  Concrete and Shadows 

*Taken during par t icu la te  
emission t e s t s  of f a b r i c .  
f i l t e r .  

Descr io t ion of Sky: Clear 

H ind  Velocity: N.A. Mind Di rect ion:  West 

Color o f  Plume: Brown Detached Plume: No 

h r a t i o n  of Observation: Four ty-e ight  minutes. 

SUMMARY OF SIX-MINUTE AVERAGE OPACITIES 
Tine Opacity 

Set Number S t a r t  End Sum Averaqe 

1 
2 
3 
6 
5 
6 
7 

11:16 
11:22 
11:28 
11:34 
11:40 
11:46 
11:52 
11:58 

F i l t e r  

11:21 
11:27 
11:33 
11:39 
11:45 
11:51 
11:57 
12:03 

became plugged and 

165 
115 
125 
185 
270 
335 
265 
395 

shut o f f  a t  
17  (16.5) 
12:03 



Table 5-6 

FACILITY E6 

Summary o f  V i s i b l e  Emission Data 
f o r  Barge Unloading* 

Date: October 31, 1973 

Type of F a c i l i t y :  Grain E leva tor  - Barge Unloading 

Type o f  Dischsrge: Fug i t i ve  Distance from Observer t o  Discharge Point: 300' 

Location of Discharge: Marine Leg and Barge Height of Observation Point: 10 '  

Height o f  Po in t  o f  Discharge: 0 D i r e c t i o n  o f  Observer from Discharge Point :  North 

Descr ip t ion  o f  Background: Shipping Dock, Struc tura l  Concrete and Shadows 

Descr ip t ion o f  Sky: P a r t l y  Cloudy 

Mind Di rect ion:  West 

b l o r  o f  Plume: Brown 

Durat ion o f  Observation: S i x t y  minutes. 

-. . 

SUMMARY F - 

Wind Veloc i ty :  N.A. 

Detached Plume: No 

(-MINUTE AVERAGE OPACITIES 

T i  me Opacity 

Set Number S t a r t  End Sum Average 

1 
2 
3 
4 
5 
6 
7 

9 
10 

a 

10:29 
10:35 
10:41 
10:47 
10: 53 
10:59 
11:05 
11:ll 
1:31 
1:37 

10:34 
10:40 

11:lO ~ . ~ . .  
1:30 
1:36 
1:42 

Readings ranged f r o m  10 t o  100 percent opacity. 

. See Sketch Showinq How 'lpacity Varied With Time i n  Table 5-5. 

N.A. - Not Avai lab le 

NOTE: DATA TAKEN BY UNQUALIFIED READER 

*Taken dur ing  p a r t i c u l a t e  emission t e s t s  o f  f a b r i c  f i l t e r .  
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Table 5-7 

FACILITY 03 

Sumnary of Visible Emission Data 
fo r  Grain Handling 

Date: September 23, 1975 

Type of Facfli ty:  Grain Handling 

Type of Discharge: F u g i t i v e  Distance from Observer t o  

Location o f  Discharge: Headhouse and Height of Observation P o i n t :  Ground 
Conveyor Level 

Height of Pofnt of Discharge: 100' 

Description of Background: Blue Sky 

Discharae P o i n t :  ?no f t .  

Direction of Observer from 
Discharge P o i n t :  West 

Description of Sky: Clear 

Wind Direction: South 

Color o f  Plume: 

. Interference of Steam Plume: ' None 

Duration of Observation: 216 minutes 

Wind Velocity: 15-25 miJhr 

Detached Plume: None 

Summary o f  Data : 

NO.  of  6-Minute Range of 
- Run Aver a q es Averaqes 
1 A  18 All N-V-E 
18 18 All N-V-E 
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5.3.5 Truck Loading Stations 

Fac i l i ty  P 

Faci l i ty  P i s  a soybean meal truck loading operation a t  a 

soybean processing plant. As explained i n  Chapter 4 ,  there 

are  no well controlled whole grain truck loading f a c i l i t i e s  

presentlv i n  operation. EPA judged t h a t  soybean meal i s  as  

dusty as grain and i s  similar t o  grain; therefore,  transfer 

of technologv i s  possible in t h i s  s i t ua t ion .  

a t  this f a c i l i t y  were used t o  develop the proposed standard.  
A t o t a l  of 30 six-minute opacity averages were taken during normal 

loading  operations. 

during the observation period. 

averages was 1 (0.8) t o  10 (10.4) percent. Table 5-8 summarizes 

the fugi t ive  emfsffon data obtained a t  this f a c i l i t y .  

5.3.6 Railroad Boxcar Loading Stat ions 

The data gathered 

Nine trucks were loaded w i t h  soybean meal 

The range of six-minute opacity 

Fac i l i ty  

Fac i l i ty  Q i s  a ra l l road boxcar loading operation a t  an inland 

t e n f n a l  elevator.  This f a c i l i t y  i s  the  best controlled boxcar 

loading operation i n  the f i e l d .  However, the f a c l l l t y  could be 

be t t e r  maintalned and a higher vent l la t lon r a t e  could be used. 

Table 5-9 sumnarizes the data obtalned a t  this f a c i l i t y .  A t o t a l  

of 6 six-minute opacity averages were taken during normal loadlng 

Qpepatjens. 

observation period. 

from 3 (2.5) t o  5 (5.2) percent. The proposed standard i s  based 

on a t ransfer  of technology from rai l road hopper car  loading 

as explained i n  Chapter 8. 

F o ~ p  hoxE&r$ we?@ loaded w i t h  barley &Iring the 

The six-minute opacity aVSPages ranged 

5-1 7 



Table 5-8 

FACILITY P7 

Sumary of Visible Emission Data 
for  Truck Loading 

Date: February 3 ,  1976 

Type of Fac i l i ty :  Truck Loading 

Type of Discharge: Fugitive Distance from Observer t o  
Discharqe Point: 25 f t .  

Location of Discharge: Shed Door Height of Observation Point: Ground.. 
20' x 15' Level 

Height of Pofnt of Discharge: 0 '  t o  20' 

Description of Background: Grey B u t l d i n g  

Direction o f  observer from 
Discharge Point: East  and South 

Description of Sky: Clear 

Wind Direction: Across opening of shed Wind Velocity: 5-10 mi/hr 

Color o f  Plume: Detached Plume: None 

Interference of Steam Plume: None 

Duration of Observation: 180 minutes 

Summary of Data: 

No. of 6-Minute Range of Average - Run Averaqes Aver aq e s. Opacity (%) 

1 A  16 1 (0.8) t o  7 (6.9) 3 (3.1) 
1B 14 2 (1.9) t o  10 (10.4) 5 (5.3) 
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Table 5-9 

FACILITY $ 
Summary of Visible Emission Data 

for Boxcar Loading . 

Date: February 4 ,  1976 

Type of Fac i l i ty :  Boxcar Loadinp 

Type of Discharge: Fugitive 

Location of Discharge: Shed Door 
20' x 15' 

Distance from Observer t o  
Discharge Point: 25 f t .  

Height of Observation Point: Ground, 
Level 

Height of Point of Discharge: 0' t o  28' Direction of Observer from 
Discharge Point: West 

Description of Background : B u i  1 d i n g  

Description o f  Sky: Clear 

Wind Direction: North 

Color of Plume: Tan 

Interference of Steam Plume: None 

Duration of Observation: 36 minutes 

Summary of Data : 

No. of 6 - M i n ~  

Wind Velocity: 0-5 mi/hr 

Detached Plume: None 

! Range of Average 
- Run Averages Aver a qe s Opacity (%) 

1A 
1 B  

3 
3 

2.9) to 5 (5.2) 
2.5) t o  5 (4.8) 

4 (3.8) 
4 (3.6) 

I 5-1 9 



5.3.7 Railroad Hopper Car Loading Stations 

Faci 1 i ty R 

Faci l i ty  R i s  a railroad hopper car loading s ta t ion a t  an inland 

terminal elevator.  

were taken d u r i n g  normal loading operations of corn into seven hopper 

cars.  

t o  zero percent opacity. 

observation period. T h i s  was considered abnormal and was taken 
into account i n  developing the proposed standard. Table 5-10 

summarizes the fugi t ive  vis ible  emission data from Faci l i ty  R .  

5.3.8 Barge and S h i p  Loading Stations 

A to ta l  of 24 six-minute Opacity averages 

The range of six-minute averages was no v is ib le  emissions 

Note: There was no wind throughout the 

Faci l i ty  J 

Fac i l i ty  J i s  a s h i p  loading s t a t ion  a t  a port  terminal 

elevator. A to ta i  o f  67 six-minute opacity averages were taken 

during the loading of wheat into two ships. 

minute averages, 18 were d u r i n g  the "topping of f"  operation and 

49 were during the qeneral loading operation. Load-out proceeded 

normally f o r  the duration o f  the observation period. 

summarizes the fugi t ive  v is ib le  emission data gathered a t  Faci l i ty  J .  

5.3.9 Grain Dryers 

Fac i l i ty  S 

Fac i l i ty  S i s  a 2500 bushel/hr cvl lndrical lv  shaped column 

Of the 67 six- 

Table 5-11 

grain dr.ver located a t  a country elevator.  

diameters were a s e r i e s  of s izes  from top t o  bottom; .078 inch, 

.0625 inch and .056 inch. A to ta l  of 18 six-minute opacity averages 

were taken a t  this  f a c i l i t y .  

The perforation plate  

Four of the six-minute averages 
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Table 5-10 

FACILITY Ra 

Sumnary o f  V i s i b l e  Emission Data 
f o r  Hopper Car Loading 

Date: February 24, 1976 

Type o f  F a c i l t t y :  Hopper Car Loading 

Type o f  Discharge: F u g i t i v e  

Locat ion o f  Discharge: Shed Door 
20 ' x 15 '  

Distance from Observer t o  

Height  o f  Observation Point :  Ground 
Level 

Discharge Po in t :  25 ft. 

Height o f  Po fn t  o f  Discharge:O' t o  2@' 

Descr ip t ion  o f  Background: B u i l d i n a  

D i r e c t i o n  o f  Observer from 
Discharge Po in t :  East 

Descr ip t ion  o f  Sky: Clear 

Wind D i rec t i on :  Calm blind ' V e l o c i t y  : 0 mi/hr  

Color o f  Plume: 

In te r fe rence  o f  Steam Plume: None 

Detached Plume: None 

Durat ion o f  Observation: 144 minutes 

Summary o f  Data : 

No. o f  6-Mtnute No. o f  Averages Range o f  
- Run Averages a t  N-V-E Averages 

1A 12 10 N-V-E t o  0 
16 12 11 N-V-E t o  0 
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Table 5-11 

FACILITY J3 

Summary o f  Visible Emission Data 
for  S h i p  Loading 

Date: September 23 and 24, 1975 

Type of Faci l i ty:  S h i p  Loading 

Type of Discharge: Fugi t ive  Distance from Observer t o  
Discharge Point: 1 5 . f t .  

Location o f .  Discharge: S h i p  Hold Height o f  rlbservation Point: Deck 

Height of Point of Discharge: II Direction of nbserver from 

Description of Background: S h i p  Hold 

Level 

Discharge Point: Southeast t o  West 

Description of Sky: Overcast 

Wind Direction: South-Southeast Wind Velocity: 10-25 mi/hr 

Color o f  Plume: Detached PI ume : None 

Interference of Steam Plume: None 

Duration of Observation: 402 minutes 

Summary of Data : 

No. of 6-Minute No. of Averages Range of Average 
Averages Opacity (%) I Run Averages a t  N-V-E - 

Toppin?-Off 1A 1s 

General 2A 
2B 

9 
9 

24 
25 

0 1 (.59) t o  13 (12.9) 5.0 
1 N-V-E t o  17 (17.3) 6 (6.4) . 
8 N-V-E t o  8 (7.5) 
5 N-V-E to 9 (8.5) 

. - -  
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are  above the proposed standard; however, these averages were 

deemed invalid due to  steam interference.  Excluding these four 

averages, the range of the 14 six-minute opacity averages is 
zero to o (0.46) percent opacity. Table 5-12 sumnarizes the data 

obtained a t  t h i s  f a c i l i t y .  Normal operation of the drver 

was maintained d u r i n g  the observation period. 

dried a t  the actual operating r a t e  of 2200 bushel/hr. 

Corn was being 

Fac i l i tv  T 

Fac i l i ty  T i s  a 3500 bushel/hr cy l indr ica l ly  shaped column 

grain dryer located a t  a country elevator .  
diameters were of two d i f f e ren t  s izes .  

of .0625 inch and the lower half  has diameters of .050 inch. 

A t o t a l  of 40 six-minute opacity averages were taken a t  Fac i l i ty  T.  

The range of averages is  no v i s ib l e  emissions to  1 (0.83) percent 

The perforation Plate  

The top half  has diameters 

opacity. Corn was being dried and normal operation was maintained 

d u r i n g  the observation period. 

emission data collected a t  this f a c i l i t y .  

Table 5-13 summarizes the v is ib le  

Fac i l i ty  U 

Faci l i ty  U i s  a column grain dryer rated a t  4000 bushels/hr. 

I t  i s  rectangular in shape and exhausts t h r o u g h  one s ide  of the 

s t ructure .  

uniform over the height of the column. 

averages, a l l  zero percent opacity, were taken a t  t h i s  f a c i l i t y .  

Normal operation was .maintained while corn was being dr ied.  

summarizes the v i s ib l e  emission data from this f a c i l i t y .  

G 
The perforation plate  diameters a re  .084 inch and are  

A t o t a l  of 39 six-minute opacity 

Table 5-14 

5-23 



Table '5-12 

FACILITY 5' 

Summary o f  V i s i b l e  Emission Data 
f o r  Column Dryer 

Date: October 15, 1975 

Type o f  F a c i l i t y :  Column Dryer 

Type o f  Discharge: F u g i t i v e  Distance from Observer t o  

i o c a i i o n  o f  Eiscnarge: Dryer \Lyi.iriderj :eight o f  f ibservat ion Po in t :  5 '  

Discharge Po in t :  80 ft. 
I ^  .. 

Height  o f  P o i n t  o f  Discharge:5' t o  404 

Descr ip t i on  o f  Background: Sky 

D i r e c t i o n  o f  Observer f rom 
Discharge Point :  East  

Desc r ip t i on  o f  Sky: Overcast 

Wind D i rec t i on :  West 

Color o f  Plume: White 

In te r fe rence  o f  Steam Plume: Yes 

Dura t ion  o f  Observation: 108 minutes 

Summary o f  Data : 

Wind Ve loc i ty :  5-10 mi/hr 

Detached Plume: 201 

No. o f  &Minute Range o f  Average 

0 t o  0 .42) 0 0.18) 
0 t o  0 1.46) 0 I 0.17) 

- Run Averages Averaqes Opaci ty (%) 

1A 6 
1B a 
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Table 5-13 

FACILITY T9 

Summary of Visible Emission Data 
f o r  Column Dryer 

Date: October 15,  1975 

Type of Faci l i ty:  Column Dryer 

Type of Discharge: Fugitive 'Distance from Observer t o  
Discharge Point: 100 f t .  

Location of Discharge: Dryer (Cylinder) Height of Observation P o i n t :  Ground 
Level 

Height of Pofnt of Discharge:. 41 t o  76' 

Description of Background: Blue Sky 

Direction of nbserver from 
" .  Discharge Point: Southeast 

Description o f  Sky: Clear 

Wind Direction: West Wind Velocity: 10-15 mi /h r  

Color of Plume: Detached Plume: None 

Interference of Steam Plume: None 

Duration of Observation: 240 minutes 

Summary of Data: 

No. of 6-Minute No. of Averages Range of Average - Run Averages a t  N-V-E Averages Fpacity (%l 

1 B  20 0 0 t o  1.0 . 0 (0.07) 
1 A  20 5 N-V-E t o  1 ( .83) 0 (0.07) 
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Table 5-14 

FACILITY U9 

Summary of Visible Emission Data 
for  Column Dryer 

Date: October 16, 1975 

Type of Fac i l t t y :  Column Dryer 

Type of Discharge: Fugitive Distance from Observer t o  

Location of Discharge: Dryer (Side) 

Height of P o i n t  of Discharge: 20' torno'  

Description of Background: Blue Sky 

Description of sky: Clear 

Discharge Point: 60 f t .  

Height  of Observation Point: Ground 
Level 

Direction o f  nbserver from 
Discharge Point: East 

Wind Direction: West Wind Velocity: 0-5 mi/hr 

Color of Plume: Detached Plume: 

Interference of Steam Plume: 

Duration of Observation: 234 minutes 

Summary of Data : 

No. of 6-Minute Range o f  
- Run Averaqes Averaqes 

1A 
1 B  

20 
19 
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Faci 1 i ty V 

F a c i l i t y  V i s  a 1000 bushel /hr  column g r a i n  dryer .  It i s  

s i m i l a r  i n  design t o  F a c i l i t y  U and has the same s i z e  p e r f o r a t i o n  

diameters. A t o t a l  o f  28 s ix-minute opac i t y  averages were taken 

a t  t h i s  f a c i l i t y  and a l l  

d r i e d  dur ing  the  observat ion per iod  and normal d r y i n g  operat ion 

was maintained. Table 5-15 summarizes the  v i s i b l e  emission data 

from t h i s  f a c i l i t y .  

zero percent  opaci ty.  Corn was being 

, . 

F a c i l i t y  W 

F a c i l i t y  W i s  a rack g ra in  d ryer  l o c a t e d  a t  a country  e leva to r .  

No a i r  p o l l u t i o n  con t ro l  devices are used on t h i s  g r a i n  dryer .  

A t o t a l  o f  6 s ix-minute opac i ty  averages were obtained. 

o f  opac i ty  averages i s  .7 (7.1) t o  13 (12.9) percent. 

maintained wh i l e  corn was being dr ied .  

the v i s i b l e  emission data c o l l e c t e d  a t  t h i s  f a c i l i t y .  

The range 
- 

Normal opera t ion  was 

Table 5-16 summarizes 

F a c i l i t y  X 

F a c i l i t y  X i s  a 2500 hushel /hr  rack g r a i n  dr.yer l oca ted  a t  a 

This  d rye r  was equipped w i t h  a 50 mesh soybean processing p lan t .  

vacuum-cleaned screen f i l t e r  through which a l l  exhaust gases ex i ted .  

4 t o t a l  o f  5 s ix-minute opac i t y  averages were obtained. P.11 observa- 

t i ons ,  a t o t a l  o f  120 taken a t  15-second i n t e r v a l s ,  were no v i s i b l e  

emissions except f o r  one reading o f  0% opaci ty .  

was maintained w h i l e  sqvbeans were being dr ied.  

the  v i s i b l e  emission data f rom t h i s  f a c i l i t y .  The wind v e l o c i t y  and 

d i r e c t i o n  were n o t  recorded because t h e  observer was loca ted  between 

two t a l l  s t ruc tu res .  This would negate any e f f e c t s  from wind i n te r fe rence ,  

Normal d ry ing  operat ion 

Table 5-17 summarizes 
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Table 5- 15 

FACILITY V9 

Sumnary of Visible Emission Data 
fo r  Column Dryer 

Date: October 16, 1975 

Type of Fac i l i ty :  Column Dryer 

Type of Discharge: Fugitive Distance from Observer t o  

Location of Discharge: Dryer (S ide)  Height of Observation Point: 5' 

Discharge Point: 75 f t .  

Height o f  Point of Discharge: 10' t o  30' 

Description o f  Background : R u i l d i  ng 

Direction o f  nbserver from 
Discharge Point: NE 

Description of Sky: Clear 

Wind Direction: West 

Color of Plume: 

Wind Velocity: 0-5 mi/hr 

Detached Plume: 

Interference o f  Steam Plume: None 

Duration of Observation: 168 minutes 

Summary of  Data: 

No. of 6-Minute Range of - Run Averaqes Averaqes 

1 A  14 All 0 
1R 14 All 0 
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Table 5-16 

FACILITY Q9 

Summary of Visible Emission Data 
f o r  Rack Dryer 

Date: October 16, 1975 

Type of Faci l i ty:  Rack Dryer 

Type of Discharge: Fuqitive Distance from Observer t o  

Location of Discharge: Dryer (Side) Height of Observation P o i n t : G  

Discharge Point: 20 f t .  

Lev 

Height of Point o f  Discharge: 1 0 '  t o  50' Direction of Observer from 
Discharge Point: North 

Description of Background: Blue Sky 

Description of  Sky: Clear 

Wind Direction: North 

Color o f  Plume: 

Interference o f  Steam Plume: 

Duration of Observation: 48 minutes 

Summary of Data : 

Wind Velocity: 5-12 m i / h r  

Detached Plume: 

d 
1 

No. of 6-Minute Range of Average - Run Averaqes Averaqes Opacity (%) 

1 A  6 7 (7.1) t o  13 (12.9) 10 (10.1) 

. .. ... 
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Table 5-17 

FACILITY X1' 

S u m r y  of Visible Emission Data 
for  Rack Dryer 

Date: August  25, 1976 

Type o f  Faci l i ty:  Rack Dryer 

Type of Discharge: Fugitive Distance from Observer t o  
(50 mesh screen) Discharge Point: 20 f t .  

Location of Discharge: Dryer (Side) Height of Observation Point: 
Ground-Level 

Height of Point of Discharge: 

Description of Background: Adjacent Ruildina Discharge Point: North 

Description of Sky: Partly Cloudy 

Wind Direction: Not Recorded Wind Velocity: Not Recorded 

Color o f  Plume: None Detached Plume: 

Interference of Steam Plume: No 

Duration of Observation: 31 minutes 

0 '  t o  10 '  
Direction of Observer from 

wai 7 

Summary o f  Data: 

No. of 6-Minute No. of Averaqes Range of 
- Run Averaqes a t  N-V-E Averages 

1 A  5 4 N-V-E t o  0 
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The data recorded i n  Table 5-18 were taken w i t h i n  30 minutes of these 

data and there  was no e x t e r i o r  wind a t  t h a t  time. 

F a c i l i t y  Y 

F a c i l i t y  Y i s  a 2500 bushel /hr  column n r a i n  d ryer  loca ted  a t  a 

soyhean processinq p lan t .  It i s  rec tanqu lar  i n  design and has Per fo ra t ion  

Sovbeans were being d r i e d  du r ing  hole diameters of .OB inch.  

the  observat ion pe r iod  and normal d ry inn  opera t ion  was maintained. 

A t o t a l  o f  5 s ix-minute opac i t y  averages were taken a t  t h i s  f a c i l i t y  

and a l l  readings were no v i s i b l e  emissions. 

v i s i b l e  emission data c o l l e c t e d  a t  t h i s  faci1it.V. 

5.3.10 A i r  P o l l u t i o n  Control  Devices 

Table 5-18 s u m r i z e s  the 

F a c i l i t y  A 

F a c i l i t y  A i s  a t r u c k  unloading s t a t i o n ,  equipped w i t h  fab r i c  

f i l t e r  con t ro l ,  a t  an i n land  terminal  e leva to r .  The exhaust f rom 

the f a b r i c  f i l t e r  was observed du r ing  normal unloading operat ions.  

Corn and soybeans were being unloaded. 

opac i t y  averages, a l l  no v i s i b l e  emissions, were taken a t  t h i s  

f a c i l i t y .  A sumnary o f  the  v i s i b l e  emission data f r o m  t h i s  

f a c i l i t y  i s  found i n  Table 5-19. 

A t o t a l  of 56 s ix-minute 

F a c i l i t y  B 

F a c i l i t y  6 i s  a t r u c k  unloading s t a t i o n ,  equlpped w i t h  f a b r i c  

f i l t e r  con t ro l ,  a t  a soybean processing p l a n t .  

were being unloaded dur ing  the  observat ion pe r iod  o f  t h e  f a b r i c  

Obviously, soybeans 

f i l t e r  exhaust. 

observat ion per iod  and normal operat ions were maintained. 

s ix-minute opac i t y  averages were taken and a l l  were no v i s i b l e  

emissions. 

a t  t h i s  f a c i l i t y .  

A t o t a l  o f  21 t rucks  were unloaded dur ing  the 

F o r t y  

Table 5-20 summarizes the v i s i b l e  emission data taken 
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Table 5-18 

FACILITY Y” 

Summary of Visible Emission Data 
fo r  Column Dryer 

Date: Augus t  25, 1976 

Type of Faci l i ty:  Column Dryer 

Type of Discharge: Fuqi  t i v e  Discharge from Observer t o  
Discharqe Point: 50 f t .  

Location of Discharge: Dryer (Side) 
Height of Observation Point: 

HeiFht of Point of Discharge: 25’ t o  60’ Ground-Level 

Description of Background: Column Dryer Direction o f  Observer from 

Description of Sky: Par t ly  Cloudy 

Wind Direction: Calm Wind Velocity: D mi/hr 

Color o f  Plume: None Detached P1 ume: 

Interference of Plume: No 

Duration of nbservation: 31 minutes 

Wall Discharge Point: NE 

Summary of Data: 

No. of 6-Minute Range o f  - Run Averages Averages 

1 A  5 All N-V-E 
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Table 5-19 

FACILITY A4 

Summary of  Visible Emission Data 
fo r  Fabric F i l t e r  

Date: September 29, 1975 

Type of Fac i l i ty :  Fabric F i l t e r  (Truck Unloading) 

Type of Discharge: Stack Distance from Observer t o  
Discharge Point: 100 f t .  

Location o f  Discharge: On Roof Height of Observation Point: Ground 
Level 

Height of PoTnt o f  Discharge: 20' Direction o f  Observer from 

Description of Background: Sky ?i Green Duct 

Discharge Point: SE 

Description of Sky: Partly Cloudy/Sunny 

Wind Direction: South 

Color o f  Plume: 

Interference of Steam Plume: None 

Duration of Observation : 336 minutes 

Summary of Data: 

Wind Velocity: 10-15 m i / h r  

Detached Plume: None 

No. of 6-Minute Range of - Run Averages Averaqes 

1A 2a All N-V-E 
1B 28 All N-V-E 
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Table 5-20 

FACILITY B I O  

Summary o'f Visible Emission Data 
for Fabric F i l t e r  

Date: November 21, 1975 

Type of Fac i l f ty :  Fabric Filter (Truck Unloading) 

Type of Discharge: Stack Distance from Observer t o  
Discharge Point: 20 f t .  

iocation of Discharge: Side o f  i iui idif iy 

Height of Polnt of Discharge: 

Description o f  Background: Dark Wall 

Height o f  iibservation Point: Ground 
Level 

Direction o f  Observer from 
Discharge Point: East 

Description of Sky: Overcast 

Wind Direction: North 

Color of Plume: 

Interference of Steam Plume: None 

Duration o f  Observation: 

Summary o f  Data: 

Wind Velocity: 15i35' mi/hr 

Detached Plume: None 

No. of 6-Minute Range of 
- Run Averaqes Averaqes 
1 A  20 All N-V-E 
1 B  20 All N-V-E 
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6. ECONOMIC IMPACT 

. . .. . - . 

6.1 CHARACTERIZATION OF THE INDUSTRY 

6.1.1 ..Int.r&ction 

. The primary functions of the grain elevator  industry are  t o  s to re ,  

handle, and merchandise grain. 

handling function includes grading, cleaning, blending, and drying. 

Grain i s  harvested only during short  periods within the year, b u t  

marketing and consumption i s  a continuous process. 

t h i s  i s  t ha t  some grain elevators engage primarily in grain movement from 

the farm t o  the market; bther elevators  engage primarily in storage.  The 

emphasis of the development of the standards i s  on the handling and 

d is t r ibu t ion  of grain. 

In addition t o  transshipment, the 

The implication o f  

In this section, information i s  provided on the character of the 

firms engaged in  the industry, the s i ze  and d is t r ibu t ion  of e levators ,  

grain pr ices ,  the price mechanism, and trends. 

in this chapter i s  divided in to  two categories: 

and move grain as t h e i r  primr,y business (grain e leva tors ) ,  and ( 2 )  

grain processors w i t h  handling and storage f a c i l i t i e s .  

The industry analysis 

(1 )  firms who handle 

6.1.2 Grain Elevators 

6.1.2.1 F i r m  Character is t ics  

I n  terms o f  ownership concentration, the grain elevator  industry 

i s  characterized by many s ingle  plant firms. 

among country elevators  (see Table 6-1) .  

in existence during 1967 were owned by f i r m s  w i t h  a s ing le ,  o r  perhaps 

two, e levators .  

71 percent o f  the grain i n  terms o f  sa les  value. 

This i s  prevalent especially 

Some 64 percent of the elevators - 

These same elevators were responsible fo r  handling about 

These firms a lso  
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t rad i t iona l ly  hire  re la t ive ly  few people. 

included i n  SIC5053, 35-38 percent had 1-3 employees; 33-34 percent had 

4-7 employees; 22-24 percent. had 8-19 employees; and 5-6 percent had 

20-49 employees.’ These employment s t a t i s t i c s  and the low concentration 

in ownership are indicative of small businesses. 

Of the grain elevator businesses 

The low concentration of ownership engenders strong competition i n  

the industry. 

a l ly  have been within a short distance from several elevators owned by 

different  firms. 

farmers used obsolete forms of transportation, which dictated tha t  these 

elevators be bu i l t  a t  a short  distance from the farm. Now, farmers have 

larger and more e f f i c i e n t  conveyances t o  move grain t o  the elevators with 

the consequence t h a t  competition i s  stronger among elevators.  

Most farmers i n  the primary grain production areas t radi t ion-  

Many elevators were constructed during a time when 

Elevator operators a re  sensi t ive to cos t  increases t h a t  amount 

t o  only a f ract ion of a cent per bushel handled. 

an important consideration in the impact analysis o f  a i r  pollution con- 

t r o l s  in  Section 6.3. 

T h i s  observation i s  

The four basic types o f  grain elevator operators are: ( 1 )  grain exporters, 

( 2 )  food processors and feed manufacturers, ( 3 )  farm cooperatives, and (4 )  

independents. 

r e t a i l i ng  i n  world markets are generally associated with ownership of 

inland and port terminals. 

control of grain procurement and quality.  Food processors, unlike exporters, 

are not merchandizers. Rather, they require elevators for  the purpose of 

control of inventory and qual i ty  needs f o r  processing. 

Grain exporters who a re  merchandisers of grain fo r  

Their motivation i n  t h i s  regard has been 

Both exporters 
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and food processors have ample capi ta l  ava i l ab i l i t y ,  good management, and 

generally l i t t l e  d i f f i cu l ty  in passing forward increased costs .  

Farmer cooperatives a r e  important in grain marketing i n  those areas 

These cooperatives, remote from the consumer markets o r  port terminals. 

owned by farmer members/shareholders, provide s t o r i n g ,  handling, and 

merchandising services fo r  the farmers. 

a l l y  a re  becoming larger  organizations, b u t  a l so  a re  increasing t h e i r  

ownership of country and terminals e levators .  

Cooperatives, not only i n d i v i d u -  

In 1963, cooperatives 

j g  pei?Lefit cf *.L- LIIc L.vu,,bIJ --.,..+..*# n 1 0 > r > + n * c  ._l-.- ?E(! 20 percent of terminals. 

By 1980, they are  expected t o  own 60 percent of the country elevators  

and 25 percent of the terminals. T h i s  growth 

the expense of the independents, who are  very small businesses. 

l a t t e r  generally f i n d  d i f f i cu l ty  i n  acquiring i a p i t a l  and .frequently a re  

re luctant  or unable t o  modernize t h e i r  f a c i l i t i e s .  

pattern i s  occurring a t  

The 

The significance of the growing importance of farm cooperatives i s  

the one f ac to r  responsible for  the anticipated trends i n  e levator  con- 

s t ruc t ion .  These organizations will  be making important decisions i n  

modernizing elevators  t o  take advantage of changes in t ransportat ion modes 

and costs, namely multiple-car t r a i n  discounts. 

upgrading elevators  where uni t - t ra in  service can be provided, shutting 

The COOperatiVeS Will be 

down elevators  where r a i l  service wil l  be discontinued. and trucking 

grain t o  modernized plants.  

The impact of t h i s  trend will be a t t r i t i o n  of small or uneconomical 

country elevators  clustered in areas where short  distances separate them. 
4 
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Increased costs, as a r e su l t  of pollution control on necessary modern- 

izations,  may force the closure or  preclude operation of such elevators.  
._ 

6.1.2.2 Plant Size and Distribution 

The Department of Agriculture l i s t s  the number and s ize  of g r a i n  

warehouses, which have signed contracts under the Uniform Grain Storage 

Agreement for  permission t o  store government-owned grain. '  These data 

indicate tha t  some 6700 country warehouses (country elevators) w i t h  an 

average storage capacity of 447,000 bushels were operative in 1974; and 

some 450 terminals, had an average storage capacity of 3,800,000 bushels. 
3 A s ize  dis t r ibut ion of elevators for 12  North Central States shows 

t h a t  42 percent of country elevators had l e s s  t h a n  100,000 bushel storage 

capacity; 64 percent l e s s  t h a n  200,000 bushel storage; and 84 percent 

less  than 400,000 bushel storage capacity. Furthermore, 16 percent of 

the elevators with greater t h a n  400,OOD bushel storage capacity accounted for 

54 percent of aggregated storage capacity. 

6.1.2.3 Demand fo r  U.. S, Grain 

The 1950's and the ear ly  1960's were characterized by surplus pro- 

duction of g r a i n  with large stockpiling of surplus g r a i n  stocks. 

shown i n  Table 6-2, a long-term t r e n d  toward balance between supply and  

demand has occurred since 1961. 

of carry-in stocks. 

been an important  factor  i n  this t r e n d .  

As 

T h i s  i s  reflected i n  the gradual decline 

A surge in foreign demand during the 1970's has 

- A gradual increase in foreign and domestic consumption i s  expected 

th rough  1981. 

fo r  new storage capacity. 

These da ta  indicate tha t  there will be very l i t t l e  demand 

T h i s  i s  shown by the projected 2,312 million 
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Table 6-2. DOMESTIC CONSUMPTION, EXPORTS, PRODUCTION, 
AN0 CARRY-IN STOCKS OF MAJOR U.S. GRAINSa 

Crop Year 

1960-61 
1961-62 
1962-63 
1963-64 
1964-65 
1965-66 
1966-67 
1967-68 
1968-69 
1969-70 
1970-71 
1971-72 
1972-73 
1973-74 
1974-75 
1980-81 

Domes t i c  
Consumpti on 

6,392 
6,526 
6,407 

,6,277 
6,256 
6,902 
6,873 
6.919 
7,301 
7,745 
7,692 
8,094 
8,296 
8,243 
8,658b 
9,555c 

Exports Product ion 
- m i l l i o n  bushels - 

1,357 
1,593 
1,550 
1,837 
1,825 
2,293 
1,935 
2,008 
1,632 
1,936 
2,047 
2.183 
3,354 
3,452 
3,005b 
3,200c 

I 8,173 
7;538 
7,505 
7,994 
7,392 
8,440 I 8.484 

I 9;398 
' 9,432 I 9,639 

8,891 1 10.895 
10;531 
11,190 
9,521 

12,755C 

Carry- In  
Stocks 

4,222 
4,691 
4,144 
3,723 
3,636 
2,975 
2,268 
2,021 
2,609 
3,194 
3,166 
2,341 
3,003 
1,916 
1,363 
2,312C 

a Wheat, corn, soybeans, g ra in  sorghum, oats,  bar ley,  rye,  r i c e .  

USOA Estimates. 

A r thu r  D. L i t t l e ,  Inc. Estimates. 
' 

Source: U. S. Department o f  A g r i c u l t u r e  and Ar thur  0. L i t t l e ,  I nc .  Estimates 
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bushel estimate fo r  carry-in s t ~ c k s . ~  

million bushels i n  1974-75 to  some 12,753 million bushels i n  1981 indicates 

t h a t  the grain handling industry will need t o  continue handling large 

quantit ies of grain. 

Production increase from 9,521 

The level of on-farm storage capacity d i rec t ly  a f fec ts  the demand 

On-farm storage capacity i s  unknown; for  commercial elevator storage. 

however, the Department of Agricultural S t a t i s t i c a l  Reporting Service 
5 indicates a growing t r e n d  o f  on-farm storage of grain. 

6.1.2.4 Prices and.Price Setti-ng 

Grain prices which are the basis f o r  setting cash and future con- 

t r ac t s  are posted dai ly  for the major conmodity markets (Chicago, 

Minneapolis, and Kansas City),  where the greatest  b u l k  of grain t r a f f i c  

converges a t  large terminal f a c i l i t i e s .  

and processors pay t o  grain merchants i n  these terminal market c i t i e s .  

To these prices are added such costs as ocean freight,  insurance, addi- 

tional storage fees,  and handling costs t h a t  are incidental t o  the 

exporters and processors. 

These prices are what exporters 

The cash (market) price,  exclusive of incidental charges, paid by 

an exporter or  processor a t  the terminal is  then shared w i t h  the farmer, 

country elevator  and terminal operators, and shippers ( ra i l roads o r  

other transportation companies). Each elevator  operator subtracts  from 

. ' the price paid by a terminal o r  port ,  his,shipping costs of forward 

~ delivery t o  the terminal or  port ,  his own costs o f  s tor ing and handling, 

. and his operating margin before he presents a negotiable price t o  the 

farmer o r  merchandiser c loser  t o  the production area. The farmer e i the r  
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accepts t h i s  p r i c e  on any given day o r  wa i t s  a few days or  weeks f o r  a 

b e t t e r  p r i ce .  

o f  a per ishab le  commodity must be a p r i c e  taker .  

I n  any event, the  farmer competing w i t h  many g ra in  producers 

A1 though g ra in  p r i ces  f l u c t u a t e  cont inuously,  g r a i n  e leva to rs  

p r o t e c t  t h e i r  cos t  s t r u c t u r e  and p r o f i t  margin by o f f s e t t i n g  any cash 

purchase w i t h  a forward sa le  i n  the  f u t u r e  markets. 

p r i ces  move together  i n  tandem, which enable e leva to r  operators t o  

handle the r i s k  o f  f l u c t u a t i n g  market p r ices .  

Cash and f u t u r e  

. bnv ....I a l n v a t n r  - . - . - - -. r ? y r a t n r ;  n f  cnirrsc?, i s  a f f e c t e d  by competing e leva to r  

operators,  w i t h  regard t o  h i s  own and h i s  compet i tors costs,  and t rans-  

p o r t a t i o n  d i f fe rences .  A l l  e l eva to r  operators  compete i n  acceptance o f  

t h e  te rmina l  market p r i c e  es tab l i shed i n  the  major comnodity.centers. 

Any cos t  increases i n c i d e n t a l  t o  an i n d i v i d u a l  e l e v a t o r  a re  inc luded i n  

h i s  cos t  s t r u c t u r e  and are  r e f l e c t e d  i n  a lower n e g o t i a t i o n  p r i c e  t o  

the farmer. 

The farmer has the choice o f  accept ing,  w a i t i n g  ou t  f o r  a h igher  

market p r i ce ,  o r  s e l l i n g  t o  a compet i t i ve  e leva to r .  

e l e v a t o r  opera tor  depends on the  presence o f  proximate e leva tors .  

t h e  farmer does n o t  absorb these c o s t  increases which are  r e f l e c t e d  i n  a 

lower  p r i c e  f o r  h i s  product,  the e l e v a t o r  opera tor  has t o  absorb these 

costs  from h i s  p r o f i t  margin. 

mechanism used i n  analyz ing the impact  o f  incremental  con t ro l  costs  i ncu r red  

w i t h  t h e  e s t a b l i s h i n g  o f  new source performance standards. 

The outcome f o r  t h i s  

' ' If 

I n  sumnary, t h i s  i s  the  p r i c e  determinat ion 

I n  the economic ana lys is  o f  e leva tors ,  g r a i n  pr i 'ces are  assumed t o  

have no i n f l u e n c e  on e s t a b l i s h i n g  p r o f i t  margins and hand l ing  increased 

con t ro l  costs .  As mentioned e a r l i e r  w i t h  regard t o  hedging v i a  fu tu res ,  
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the market p r i ces  o f  g ra in  a re  n o t  impor tant  i n  determining revenues t o  

the operat ion.  The e leva tor  operator  negot ia tes  a p r i c e  on a cents-per-  

bushel basis, which takes i n t o  account a margin f o r  h i s  expenses and some 

p r o f i t s .  Although t h i s  supposi t ion g ives the  impression o f  a constant  

operat ing margin on a cents-per-bushel bas is ,  the e leva to r  operator  s t i l l  

i s  sub jec t  t o  volume changes i n  h i s  t o t a l  operat ion because of f i x e d  

costs f o r  deprec iat ion,  i n t e r e s t s ,  taxes, and so f o r t h .  

Another area where g r a i n  p r i ces  would be impor tant  i s  i n  the  i nven to ry  

va lua t i on  on balance sheets. 

t o t a l  f i x e d  assets i n  the  d iscuss ion on c a p i t a l  a v a i l a b i l i t y  f o r  p o l l u t i o n  

con t ro l s  excludes the  value o f  g r a i n  inventor ies .  

Again cons is ten t  w i t h  the  d iscuss ion above, 

6.1.2.5 Determinants o f  New Construct ion 

The most impor tant  f ac to rs  o f  change occur r ing  w i t h i n  the g r a i n  

handl ing i n d u s t r y  have come from the  t ranspor ta t i on  i ndus t r y .  

road ra tes  f o r  m u l t i - c a r  u n i t s  and abandonment o f  r a i l r o a d  branch l i n e s  

are f o r c i n g  the  g r a i n  handl ing i n d u s t r y  t o  shut  down i n e f f i c i e n t  e leva tors  

and modernize e x i s t i n g  e leva to rs  on v i a b l e  r a i l  l i n e s .  

Lower r a i l -  

I n  order  t o  increase t h e i r  competit iveness, r a i l r o a d s  began t o  o f f e r  

d iscount  ra tes  i n  1970 f o r  sh ipp ing i n  u n i t s  o f  up t o  100 cars. 

u n i t - t r a i n s ,  so the  r a i l r o a d  i n d u s t r y  thought, were t o  capture t h e  

e f f i c i e n c i e s  o f  f a s t e r  turnaround times and t o  reduce delays i n  loading, 

switching, and unloading cars. 

aged the use o f  jumbo hopper cars r a t h e r  than the  boxcars f o r  the  t rans-  

p o r t  o f  gra in .  

opposed t o  2000 bushels f o r  the t y p i c a l  40- foot  box car .  

These 

Furthermore, the  r a i l r o a d  i n d u s t r y  encour- 

A jumbo hopper c a r  can haul 3500 bushels o f  g r a i n  as 
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The savings i n  m u l t i - c a r  t r a i n  r a t e s  over s i n g l e  car  ra tes  va r ies  

according t o  the d is tance between ga ther ing  and f i n a l  unloading points,  

the  s i z e  o f  t r a i n ,  and usage requirements s e t  f o r t h  by the  p a r t i c u l a r  

r a i l r o a d  company. On the  l a t t e r  score, some g r a i n  shippers would have 

t o  guarantee the  use o f  the  t r a i n  f o r  5 o r  more consecut ive t r i p s ;  on 

the  o the r  hand, a sh ipper  may request a m u l t i - c a r  t r a i n  on an occasional 

bas is .  

To t h i s  p o i n t  i n  time, the a v a i l a b i l i t y  o f  m u l t i - c a r  ra tes  has been 

iKst:y i;; area; serving c o x  ;nd soybe;n production. Uc;;:cvcr, 2o;s 

o f  the  major  g r a i n  expor ters  be l i eve  t h a t  s i m i l a r  r a t e s  w i l l  even tua l l y  

be o f f e r e d  by the r a i l r o a d  companies i n  t h e  wheat product ion areas.6 

The impact o f  the  changes i n  t h e  t ranspor ta t i on  system upon the 

g r a i n  e l e v a t o r  i n d u s t r y  p lus  the  increased demand f o r  g r a i n  w i l l  produce 

some s i g n i f i c a n t  changes f o r  the g r a i n  e leva to r  indus t ry .  New d i s t r i b u t i o n  

systems w i l l  be created. These w i l l  i nc lude  the  cons t ruc t i on  o f  small 

g r a i n  ga ther ing  i n l a n d  terminals  i n  the  product ion areas sh ipp ing t o  new 

p o r t  te rmina ls .  These small i n l a n d  te rmina ls  w i l l  e i t h e r  be brand new 

types o f  te rmina ls  which spec ia l i ze  i n  h igh  volume g r a i n  hand l ing  w i t h  

minimum storage o r  modernized count ry  e leva tors  r e b u i l t  w i t h  g rea ter  l e g  

capac i ty  and some increased storage. 

I n  add i t i on ,  d i s t r i b u t i o n  systems p resen t l y  serv ing  e x i s t i n g  p o r t  

te rmina ls  a r e  expected t o  be overhauled t o  accommodate t ranspor ta t i on  

savinqs and handle g rea te r  output .  

abandoned because o f  the  loss o f  r a i l r o a d  branch l i n e s .  

g r a i n  w i l l  have t o  be hauled t o  te rm ina ls  by l a r g e  t rucks  (d iese l  t r a c t o r -  

I n  many remote areas, g r a i n  e levators  NY be 

I n  these areas, 
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t r a i l e r ) .  As f a r  as new country elevators ,  few are expected t o  be 

bui l t .  However, in some cases some new elevators  may have t o  be bu i l t  

t o  replace f a c i l i t i e s  destroyed by f i r e ,  explosion, o r  some similar 

catastrophe. 

Estimates of new and reconstructed elevators have been made which 

Table 6-3 shows the estimated r e f l ec t  these trends as just discussed. 

number of elevators i n  1974 and i n  19813.~ The trends i n  the table  

show emphasis on the construction of high throughput e levators ,  those 

having f a s t  loading capabi l i ty  t o  accommodate multi-car t r a ins .  

c r i t i c a l  assumptions underlying these estimates are as follows: 

The 

(1) the level of U.  S. grain exports will 

around 3 . 2  bi l l ion  bushels per year. 

( 2 )  multi-car railroad r a t e  discounts wil 

major grain producing areas in the Un 

f luctuate  moderately 

be offered fo r  a l l  

ted States .  

( 3 )  some 70 percent of the grain shipped for export will  be handled 

by high t h r o u g h p u t  terminals because the grea tes t  transportation 

savings appears t o  be i n  the long-haul, 100 car u n i t -  

t r a ins .  

( 4 )  only about 20 percent o f  the grain shipped fo r  domestic consump- 

t ion will  be handled by h i g h  t h r o u g h p u t  e levators .  

(5)  by 1980, a s ign i f icant  number of branch r a i l  lines will be 

abandoned, thereby interrupting r a i l  service fo r  many country 

elevators and resulting i n  some shut-downs (an a t t r i t i o n  r a t e  of 

about 3.5  percent f o r  t rad i t iona l  country elevators and 2.5  per- 

cent for t rad i t iona l  inland terminals).  
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Table 6-3. ESTIMATED CHANGE IN THE U.S. GRAIN ELEVATOR 
INDJSTRY STRUCTURE, 1975-1981 I.IITHOUT 

NEW SOURCE PERFORFIANCE STANDARDS 

Type elevator  

Traditional country 

Upgraded country (25 ca r )  

Upgraded country (50 - 100 ca r )  

High throughput terminals 

Traditional inland terminals 

Traditional port  terminals 

Totals 

s t i  ma ted 
1974 

6480 

90 

60 

45 

390 

65 

71 30 

4635 

305 

200 

150 

335 

70 

umber o f  elevators 
1980 I Change 

I 
-1 845 

+215 

+140 

+lo5 

-26 

+5 
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A s igni f icant  portion of the grain,  par t icu lar ly  corn, handled by 

elevators is dried a r t i f i c i a l l y .  Most a r t i f i c i a l  drying of corn takes 

place a t  the farm o r  a t  the f i r s t  rec ip ien t  elevator.  

some "wet" grain i s  shipped to  terminals where i t  is dried,  par t icu lar ly  

d u r i n g  peak harvest when country elevators  may be operating a t  t h e i r  

dryer capacity. 

However, occasionally 

The estimates f o r  new dryers are  based on the following assumptions: 

(1)  most of the growth in dryer capacity has already occurred up t o  

t h i s  point i n  time. 

( 2 )  no new breakthrough i n  grain drying technology will  occur through 

1980. 

(3)  a replacement ra te  o f  about 5 percent annually of the current dryer 

capacity will be used (based on average l i f e  of 20 years ) .  

The estimates of new elevator  and dryer construction are  shown i n  

Table 6-11, Section 6.3.2. 
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6.1.3 Grain Processors 

6.1.3.1 Introduction 

In the previous section, the linkage of food processors t o  ownership 

These processors have grain handling of elevators was br ie f ly  touched upon. 

f a c i l i t i e s  primarily f o r  receiving and storage of grain intended f o r  t he i r  

own mill needs. 

interest here: 

There a re  basically f i v e  types of food processors of 

(1)  

( 2 )  

( 3 )  

wheat mil ls  who produce wheat f lour  

dry corn mil ls  who produce corn f lour  

rice mil ls  who clean and dehull r i c e  and 

produce whole grain r i c e  

wet corn mil ls  who produce primarily corn starch (4)  

(5) soybean processors who produce soybean meal as 

a major ingredient fo r  animal feed and soybean 

o i l .  

The discussion on grain prices and pricing i n  Section 6.1.2 would have 

sane application here. 

basis of world market prices in  the same manner as exporters. 

terms of managing increased costs f o r  pollution control,  these firms would 

be expected t o  attempt t o  pass forward some or a l l  of these cos t  increases 

t o  consumers of the products--to the extent allowed by competing processors. 

Grain processors genera'lly buy grain on the 

In 

Grain prices assumed f o r  the various model plants i n  calculating 

sa les  revenues and impact of controls a re  as s ta ted in  Table 6-4.8 These 

grain prices are  assumed to  be the average prices fo r  the 1975-1980 

period . 
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Table 6-4. $RAIN PRICES USED I N  MODEL PLANT ANALYSIS 

Grain 

Soybeans 

Wheat 

Corn 

Rice 

Pr ice,  $ per  bushel 

5.40 

3.45 

2.40 

4.73 
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Table 65 . SIZE PROFILE OF SOYBEAN MILLING PLANTS 

Establishment size 
1967 employees 

1 - 4  

5 - 9  

10 - 1 9  

20 - 49 

_ _  Gn - 99 

100 - 249 

250 - 499 

> 500 

TOTAL 

Number of 
establishments 

1 3  

5 

6 

24 

31 

1 6  

6 

1 

102 

- 

ipproximate number 
of employees, 
by sector 

< 50 

< 50 

100 

900 

2200 

2200 

2700 

-N.A. 

8000 

-. 

'alue of shipments, 
million dollars 

3.0 

3.2 

27.7 

346.5 

753.1  

611.5 

403.4 

N.A. 

2148.3 

Source: Census of Manufactures. 1967 
.. 

Of a l l  the grains discussed i n  this section, soybeans appears t o  be 

the most like'ly grain t o  have well-defined growth. 

demand f o r  protein sources wil I require  use of soybeans both fo r  production 

of animal foods and meat subs t i tu tes  i n  foodproducts f o r  human -consump- 

t ion.  

the markets fo r  f lour  (wheat and corn) products. 

Increasing world 

.. 

.' 

I t s  increasing importance as a food source will  displace some of 

Strong incentives ex i s t  fo r  the soybean industry t o  invest  i n  

new storage and handling capacity. 

harvest time about one-third of their peak off-season price.  Despite the 

opportunities avai lable  i n  the futures  markets, there appears ample 

In recent years,  soybeans have cost  a t  
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opportunity fo r  materials cost  saving by buying and storing large stocks 

a t  harvest time. 

two additional large soybean plants will be b u i l t  annually, w i t h  ten 

additions per year t o  existing plants. 

Industry experts feel  t h a t  over the next f ive  years,  

6.1.3.3 Flour Mills 

Wheat and dry corn mil ls  are lumped together, i n  this section, 

because i n  many instances t h e  same plants process both grains. The end 

product is basically the SUE, flour.  

The f lour  milling industry i s  characterized as having l i t t l e  

growth, consolidation of production in to  fewer plants ,  and a t t r i t i o n  of 

the smaller plants. 

1963 to  450 i n  1972. 

in  1963 to  $509 million i n  1972 w i t h  a v i r tua l  s t ands t i l l  from 1967 t o  1972.1° 

Total number of plants have declined from 618 i n  

Value added has increased from $373 million 
' 

Table 6-6 shows the s i ze  prof i le  of plants by value of shipments 

and employees. 

over the next few years. 

which will preclude any 'new construction. 

ex is t s  t o  add storage capacity for  the purpose o f  holding grains fo r  specu- 

l a t ive  purposes. 

1981. 

Demand fo r  f lour  products is expected t o  remain unchanged 

There appears' t o  be ample capacity i n  milling 

Furthermore, l i t t l e  incentive 

As a r e su l t ,  no capacity additions are exDected through 
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Table 6-6. SIZE PROFILE OF DRY CORN AND WHEAT MILLING PLANTS~ 

Number of  
establishments 

Establishment size. 
1967 employees 

Approximate number Value of shipments, 
of employees, million dollars 
by sector 

1 - 4  

5 - 9  

10 - 19 
20 - 49 
50 - 99 

.A,. n,,. 
I U U  - L.t> 

250 - 499 

300 

400 

800 

2700 

5300 

6700 

4300 

N .A.  - 
20,500 

' 7 500 

TOTAL I 

210 

62 

56 

84 

74 

I ,  
*.I 

9 

2 

541 

- 

a. includes all flour milling except rice. 

18 

24.5 

48.6 

313.2 

720.8 

849 .5  

479.9 

N.A. 

2454.6 

- 

Source: Census of Manufactures, 1967 

6.1.3.4 Wet Corn Milling 

The wet corn m i l l i n g  industry is composed of seventeen very 

large plants.  These plants are  characterized as having large fixed 

a s se t s ,  from $15 mill ion t o  $115 mi l l ion .  Over the past  ten years, 

four new plants have come on-stream ( two  small plants have closed).  

Wet corn mi l l s  produce corn s t a rch ,  sugar, corn o i l ,  gluten,  animal 

feed, and related products. 

as well a s  corn. 

of s ta rch  production. 

Starch i s  a l so  made from potatoes and wheat, 

However, corn s t a rch  i s  f e l t  t o  be the major component 
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Very l i t t l e  growth i s  expected f o r  t h e  i n d u s t r y  over the  next  

few years.  

f i v e  years).  

Furthermore, wet corn m i l l e r s  d o n ' t  appear t o  have any problems i n  

acqu i r i ng  raw corn. 

percent o f  a l l  American co rn  product ion.  

any need f o r  add i t i ona l  storage a t  e x i s t i n g  p lan ts .  

Ample processing capac i ty  e x i s t s  f o r  the  short- term (up t o  

Demand f o r  products i s  expected t o  increase s low ly  and s t e a d i l y .  

The i r  product ion needs o n l y  c o n s t i t u t e  about 10 

Th is  would seem t o  preclude 

6.1.3.5 Rice M i l l s  and Commercial Rice Dryers 

A t  l e a s t  90 percent o f  the  U.S. r i c e  crop i s  m i l l e d  i n  compari- 

s i o n  t o  l ess  than 10 percent o f  the  domestic corn  crop and approximately 

30 percent o f  the  U.S. wheat crop. 

g r a i n  r i c e .  

The product  o f  r i c e  m i l l s  i s  whole 

Rice i s  harvested "green" o r  rough and must be d r i e d  w i t h i n  

f o r t y - e i g h t  hours a f t e r  harvest .  

f i n i t e l y ,  awa i t ing  m i l l i n g .  

j u n c t i o n  i s  conducted by on-farm dryers  and comnercial r i c e  dryers.  

A f t e r  d ry ing ,  r i c e  can be s tored inde- 

A good p o r t i o n  o f  the d r y i n g  a t  t h i s  

Rice i s  grown i n  th ree  p r i n c i p a l  reg ions i n  the  U,S.: (1) C a l i -  

f o rn ia ,  ( 2 )  Gul f  Coast along Texas and West Louis iana, and (3)  M iss i ss ipp i  

River  Val l ey  along Arkansas, M iss i ss ipp i ,  and Northeastern Louis iana. 

M i l l  s ize,  con f igura t ion ,  and ownership pa t te rns  vary f rom reg ion  t o  

reg ion.  

owned. Texas and C a l i f o r n i a  have the l a r g e s t  m i l l s .  Co-ops own the 

p lan ts  i n  C a l i f o r n i a  (about 80 percent)  and Arkansas (about 60 percent) .  

Elsewhere, p r i v a t e  ind iv i 'dua ls  and corporat ions own t h e  r i c e  m i l l s .  

I n  Louis iana are found t h e  smal les t  p lan ts ,  which are  f a m i l y  

.- 
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The number o f  r i c e  m i l l s  has decreased f r o m  74 i n  1963 t o  

56 i n  1972.11 The p l a n t  c los ings  have been jb'rimarlly due t o  

a c q u i s i t i o n s  and conso l ida t ions  i n  Texas and C a l i f o r n i a .  

shows t h e  p r o f i l e  o f  p lan ts  by employee s i z e  and value o f  shipments. 

The t y p i c a l  r i c e  m i l l  i s  assumed t o  process 2.88 m i l l i o n  bushels o f  

r i c e  per  year .  

Table 6-7 

Table 6-7. S I Z E  PROFILE OF R I C E  MILLING INDUSTRY - 1967 
. .- . __._. -. - 

in sector 

10 

6 

6 

18 

17 

7 

4 

68 

Number of 
empioyees in 
establishment employees by 

sector 

25 

42 

95 

6 30 

1240 

1000 

1300 

4200 

1 - 4  

5 - 9  

10 - 19 
20 - 49 
50 - 99 
100 - 249 
250 - 499 

TOTAL 

1 
Value of 

$ million 
"La...",...+" 
u..*~....-..--, 

0.8 

21.0 

10.4 

65.7 

191.3 

121.8 

156.4 

548.4 

Value added 
per '-m-Tln:~ee 
$ thousand 

8.0 

9.5 

36.8 

13:6 

23.5 

24.9 

28.5 

24.7 

Source: Census of Manufactures, 1967 
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On the other hand, ownership of commercial r i c e  dryers i s  

spread among many small firms. 

dryers i n  1973.12 The plant s i z e  of these dryers varies from 

100,000 bushel capacity to 7 mill ion bushel capacity. 

a r e  l e s s  then 500,000 bushel capacity. 

throughput are  used interchangeably i n  this analysis  f o r  dryer 

f a c i l i t i e s  because they a r e  assuned to have an annual throughput 

t o  capacity r a t i o  of 1 .O.) 

There were some 219 comnercial r i c e  

Most plants 

(The terms capacity and annual 

In terms of ownership, some 160 of the dryers a r e  owned by 

independents, o r  73 percent o f  the to t a l  ; y e t ,  the independents only 

own 59 percent of  the storage capacity. 

this remaining portion of the dryers,  a r e  rost important i n  Arkansas. 

These dryers a r e  the  la rges t  i n  the industry and the co-operatives 

control some two-thirds of the marketing. California i s  a l so  important 

i n  terms of co-operative par t ic ipat ion i n  drying. 

new investment i n  drying and storage capacity i n  California has only 

been in i t i a t ed  by cooperatives or  large independent r i ce  mills. 

Elsewhere, i n  par t icu lar  i n  Louisiana and Mississippi, the major trend 

has been toward on-farm drying and storage.  

Farm cooperatives who own 

In recent years 

Integration of drying and storage w i t h  mill ing has been growing 

i n  California.  Low returns on drying and storage a s  a r e su l t  of low 

fees s e t  by the California Public U t i l f t i e s  Commission has discouraged 

comnercial r i c e  dryers .  

drying and storage t o  assure access t o  grain supplies. 

Mississippi River Delta Region, backward integrat ion from r i c e  mills 

t o  r i ce  dryers has not occurred. 

As a r e su l t ,  t h e  mills have invested i n  

In the 
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The growth in demand for r i c e  will most probably come from the 

international sector ,  par t icular ly  Asian countries where r i c e  i s  a 

dietary s tap le .  Domestic demand remains re la t ive ly  unchanged. Recent 

his tory has witnessed shortages of r i c e  and upsurge i n  pr ices ,  prompted 

by increased demand i n  the foriegn sector  concurrent w i t h  crop f a i lu re s  

in the  r e s t  of the world. 

the world demand will  be growing. 

The outlook fo r  prices i s  uncertain,  b u t  

One of the few areas i n  the  world t h a t  can expand production 

rapidly i s  the U.S.  

P.?’ver Delta Reaim where both water and land are  ava i lab le  to  support 

increased production. Increased production’ will require additional 

drying and storage f a c i l i t i e s .  

However, this i s  constrained t o  the Mississippi 

I t  is d i f f i c u l t  t o  predict  who will b u i l d  new drying and storage 

f a c i l i t i e s .  As pointed out  e a r l i e r ,  these functions can be done on-farm, 

comnercially, or by the r i c e  mills themselves. The economic analysis 

is structured on the bas i s  t h a t  e i the r  canmercial r i c e  dryers or mi l l s  

wi l l  be prospective new sources. 

Fran the standpoint of the pricing mechanics, any incremental 

costs  incurred by the mi l l s  a r e  assuned t o  be passed backward t o  

the canmercial r i c e  dryers o r  fanners. 

the one used i n  the marketing of t h e  other grains .  

T h i s  argument is s imi la r  t o  

As fer as expansion projections,  Arthur D .  L i t t l e  estimated tha t  

10 new r i c e  mi l l s  would be b u i l t  over the next five years ending i n  1981. 

These mills a r e  assmed t o  require  storage f a c i l i t i e s .  

capacity t o  handle the incremental production for these mil ls  i s  

assumed t o  be shared w i t h  these mi l l s  and new comnercial r i c e  dryers. 
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6 . 2  CONTROL COSTS AND COST EFFECTIVENESS FOR NEW/RECONSTRUCTED SOURCES 

6.2.1 Introduction 

The purpose of t h i s  section i s  t o  present estimates of capi ta l  

and annualized costs fo r  control technology a1 ternat ives  which may 

be used in developing the ra t iona le  fo r  recommending new source 

performance standards. 

f a c i l i t i e s  f o r  the  reason tha t  most of the anticipated growth 

will be i n  the area of expanding and upgrading exis t ing grain 

elevator f a c i l i t i e s .  

will be divided between the d is t r ibu t ion  system (grain elevators)  and 

grain processors. 

function i n  t he  grain d is t r ibu t ion  system, will  be highlighted and 

discussed a s  a separate topic  on cost  effectiveness.  

This section wi l l  combine new and reconstructed 

The grain handling industry i n  t h i s  section 

In addi t ion,  grain dryers ,  which are  a support 

Most of the discussion on control a l te rna t ives  and costs wil l  

be emphasized i n  the grain elevator  segment. Following the discus- 

sion of control technology a1 ternat ives  for the individual affected 

f a c i l i t i e s  will  be a presentation o f  control costs fo r  th ree  leve ls  

of control system a l te rna t ives  on a model plant basis.  

plant comprises several uni t  affected f a c i l i t i e s . )  

t ion of the model plant  control systems, costs  will be presented 

for  each affected f a c i l i t y .  

(The model 

In the presenta- 

The incremental costs  of the a l t e rna t ive  levels  of control 

above costs  fo r  S t a t e  requirements will  be ident i f ied.  

costs are  important i n  determining the economic impact o f  proposed 

performance standards. 

The incremental 

Throughout the section, the terms capi ta l  and annualized cos t  

The capi ta l  are  used; therefore ,  a brief def ini t ion i s  i n  order. 
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cos t . inc ludes  a l l  the  c o s t  i tems necessary t o  design, purchase, and 

. i n s t a l l  the  p a r t i c u l a r  con t ro l  system. The c a p i t a l  cos t  inc ludes 

the  purchased cos t  o f  the  major c o n t r o l  device ( f a b r i c  f i l t e r  o r  h igh  

e f f i c iency  cyclone) and a u x i l i a r i e s  such as hoods, fans, and any 

inst rumentat ion;  the  equipment i n s t a l l a t i o n  cos t  i n c l u d i n g  foundat ions,  

p ip ing ,  e l e c t r i c a l ,  w i r i n g ,  r e t r o f i t t i n g  ( reconst ructed sources), 

and erec t ion ;  and the  cos t  o f  engineer ing,  cons t ruc t i on  overhead, 

and cont ingencies.  A l l  costs  are updated t o  r e f l e c t  January 1976 

d o l l a r s .  

- 8 2 -  -.- c .-"..&..,., ,̂.?+? 
iiir iiiajur~ 3vurI.c 61 L w s a b n v n  \.wllIII) f o r  t h ! ~  ~t:c',:< !*!Bs the  Midwest 

Research I n s t i t u t e  r e p o r t  (MRI).,.l3 Other sources o f  c o s t  data were 

the  A r thu r  0. L i t t l e  s tudy (AOL),14 ( i n  p a r t i c u l a r ,  

f o r  g r a i n  d ryers ) ,  and g ra in  hand l ing  operators.l8,19 

The f o l l o w i n g  assumptions were used t o  determine annual ized 

costs .  Annual c a p i t a l  charges were ca l cu la ted  on t h e  bas is  o f  100 

per  cent  i n s t i t u t i o n a l  lend ing  w i t h  un i fo rm type payments ( c a p i t a l  

recovery f a c t o r ) .  

r a t e  o f  i n t e r e s t ,  10 per  cent. 

admin i s t ra t i ve  cos ts  were ca l cu la ted  on t h e  bas is  o f  4 per  cent  of 

t o t a l  c a p i t a l  investment. The e l e c t r i c a l  expenses were determined 

from t h e  e l e c t r i c a l  requirements presented i n  Chapter 7 fo r  

g r a i n  handl ing.  The cos t  o f  e l e c t r i c i t y  was assumed as 3 cents per  

k i lowat t -hour .  Maintenance cos ts  f o r  f a b r i c  f i l t e r s  were est imated 

as $0.13 per  cfm; h igh  e f f i c i e n c y  cyclones, $0.065 per cfm. 

g r a i n  d ryers  was assumed t o  be $2.00 per  m i l l i o n  BTU. Operat ing and 

maintenance requirements f o r  g r a i n  d rye r  con t ro l s  were obta ined from 

the  var ious vendors. 

L i f e  o f  equipment was assumed t o  be 15 years;  

Proper ty  taxes and insurance and 

Fuel f o r  
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No cred i t s  fo r  product recovery, reduced f i r e  insurance premiums, 

reduced absenteeism of workers, o r  reduced plant maintenance have been 

incorporated i n  the pollution control costs .  

may have s igni f icant  market values, the assessment 

i s  d i f f i c u l t .  

credi ts  has been omitted i n  this analysis.  

Even where the by-products 

of these cred i t s  

Therefore, for  simplification purposes, accounting fo r  
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6.2.2 Grain Elevators 

The scope of the grain handling industry under investigation 

extends from the small country elevator  (on the order of 250,000 bushel 

s torage)  t o  the port terminal (storage capacity o f  5 million bushels).  

Most of the  ant ic ipated expansion i n  the industry will  be i n  response 

t o  cost  savings techniques within the grain dis t r ibut ion system. 

l e s se r  degree, some local expansion may occur w i t h  a surge in regional grain 

production o r  consolidation of d i s t r ibu t ion  f a c i l i t i e s .  

sions tha t  a re  l i ke ly  t o  be considered as reconstructed sources a re  those tha t  

will upgrade country elevators t o  accept un i t - t ra ins  of 25, 50, 75, o r  100 

cars  with emphasis on f a s t  loading i n  a 24 hour period. 

a need on the par t  of the exis t ing e leva tor  t o  expand storage and increase 

leg capacity. 

by minimizing storage and special iz ing in one grain t o  serve the export mar- 

kets, will  be the l ike ly  candidate f o r  the new grass roots f a c i l i t i e s .  

To a 

The type of expan- 

This will create  

On the other  hand,  the  high throughput terminal,  characterized 
I 

The affected f a c i l i t i e s  are: truck loading/unloading, r a i l c a r  loading/ 

unloading, barge/ship loading, barge/ship unloading, hand1 ing (including 

conveyors, sca les ,  surge bins, grain cleaning, e t c . ) ,  and grain dryers. 

The control technology f o r  each affected f a c i l i t y  consis ts  of various 

degrees of par t icu la te  capture (enclosures,  hooding) and removal ( fabr ic  

f i l t e r a t i o n  vs cyclones). Grain dryers a re  somewhat d i f fe ren t  i n  tha t  

screen mesh and column perforation diameters are  the c r i t i c a l  factors  

i n  t h e i r  design and performance. A summary of available control 

technologies fo r  each affected f a c i l i t y  is  presented in  Table 6-8 for  
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three "levels" delineated as: 

control technology, and c) control technology fo r  s t a t e  requirements. 

a )  best control technology, b )  recomnended 

The categorization of controls in this manner allows f o r  easy association 

by the reader w i t h  the a l te rna t ive  control levels  used l a t e r  in t h i s  analysis 

on a model plant basis.  

A and B i s  the shed requirements f o r  ra i l road car loading and the vacuum-cleaned 

screen requirement on column dryers. 

t o t a l l y  enclosed sheds might not be reasonable in  addition t o  s ignif icant  cost 

differences. 

a separate issue from the grain loading, unloading, and  handling f a c i l i t i e s  

in B. I t  will be discussed fur ther  in the chapter. 

The next step i s  t o  characterize the model plants and assimilate these 

As shown in  the t ab le ,  the major difference between 

There are technical reasons why the 

The selection of best control technology on the grain dryers i s  

affected f a c i l i t i e s  into t h e i r  configurations. Six model plants t h a t  repre- 

sent the types of new and reconstructed sources as discussed previously a re  

presented i n  Table 6 - 9  w i t h  the important engineering parameters tha t  are 

used i n  determining costs .  The parameters fo r  s'torage capacity,  throughput 

capacity (leg capacity),  annual throughput, and dryer capacity are given. 

Ventilation ra tes  (acfm) are presented f o r  control systems t o  handle the 

par t iculate  emissions fo r  the various affected f a c i l i t i e s .  

The model p l a n t  s izes  used in t h i s  analysis are sometimes different  

from sizes  of s imilar  plants in  the MRI study. 

by a scale fac tor  of 0.7 ( i . e . ,  cost  of Control 

System B x (Ventilation Rate of A 5 Ventilation Rate of B)Oa7) .  

Capital costs were adjusted 

System A = Cost of Control 

Ventilation 
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ra tes  were assumed t o  be d i rec t ly  proportional t o  material throughputs, sub- 

j e c t  t o  physical constraints  such a s  spat ia l  requirements fo r  grain unloading 

o r  loading (boxcar, hopper car ,  barge, s h i p ,  e t c . ) .  Operating costs were 

adjusted in  d i rec t  proportion t o  changes in material throughput or hours of 

operation. 

A tabulation of the capi ta l  and annualized costs  fo r  the individual 

affected f a c i l i t i e s  for each model plant fo r  three leve ls  of control i s  pre- 

sented i n  Table 6-10. I t  i s  important t o  point out here tha t  new sources 
- = * - - L - >  L.. --. .  --..--- ---S-----.-- - + - - A = w A ~  d 1 1  a i  I ~ C L C U  uy i i e w  J U V I C ~  p ~ u  I U I ~ W W ~ L L  - ) L . U I I U ~ , ~ ~  ..I haw- t:, c:,zpete w i t h  new 

sources, and exis t ing sources r e t r o f i t t e d  p r io r  t o  1975, constructed in  

compliance with S ta te  regulations.  

fo r  comparison of the cos ts  of various control system a l te rna t ives .  

Hence, level C serves a s  the baseline 

To show the impact of the per t inent  standards upon the grain industry 

requires segregating cer ta in  service-associated costs.  Hence, drying, 

cleaning, and handling (unloading, t u r n i n g ,  weighing, loading) are  separate 

functions in so f a r  as the mechanism of sharing the transaction costs  fo r  

each function. 

ing and drying will have t o  pay f o r  the costs of these services .  

t o  understanding of the segregation o f  control cos t s ,  a format fo r  the an- 

nualized cos ts  (aggregate and u n i t  cos t s )  has been prepared and i s  presented 

i n  Table 6-11. 

For example, farmers producing those grains requiring clean- 

As an aid 

For comparison w i t h  State  regulatory requirements on new and reconstructed 

sources, Table 6-12has been prepared t o  show those incremental cos ts  over the 

S ta te  requirements f o r  the levels  of  best control technology and recommended 

control technology. For the level of best control technology, un i t  costs 
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have been calculated f o r  grain handled without drying and f o r  t ha t  portion 

of grain handled and dried.  

6.2.3 Gr.ain Processors 

The purpose of this section i s  t o  present control costs  which will serve 

as inputs fo r  the economic analysis of  the impact of control a l te rna t ives  upon 

the grain processing industry. 

annualized cos ts  f o r  a i r  pollution control sys tem for  the m.ode1 plant con- 

f igurat ions,  I n  much the same fashion as i n  the previous section for  grain 

The basic procedure i s  t o  present capital  and 

. .  

~. elevators.  inus, control * wat.> ---A- . A ' '  W I  I I "2 --*=-n+d fer &+ gmtrols, reconmended 

controls ,  and controls for meeting S t a t e  regulations. 

fo r  best  and recommended. controls .above State requirements will  be noted. 

The incremental costs 

The affected f a c i l i t i e s  include truck and rai l road car  unloading, handling 

( t ransfer ,  s ca l e s ,  e t c . )  and dryers. 

fndystry under invest igat ion fncludes wheat flour mills, dry corn mi l l s ,  

r i c e  mills, wet corn mil ls ,  soybean processors, and comercial  r i c e  

dryers. 

presented in  Table 6-1i: The control technology f o r  the a l te rna t ive  control 

leve ls  i s  much the same as tha t  applied fo r  the grain elevators .  The capi ta l  

and annualized control costs  for each o f  t h e  affected f a c i l i t i e s  i s  presented 

i n  Table 6-14. The one major difference i n  costs  between grain processors 

and elevators  appears i n  the  truck unloading f a c i l i t y l b e s t  technology category. 

Costs are  presented f o r  an expanded truck shed t o  accomodate unloading t r ac to r  

t r a i l e r  trucks where 2 quick-closing doors would be considered as best  techno- 

The scope o f  the qrain Drocessing 

The engineering parameters fo r  estimating the control costs are 

logy. 
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Sumaries of capi ta l  and annualized cos ts  for a l t e rna te  controls a r e  

presented i n  Table 6-15 fo r  the grain processors and the comnercial 

r ice  dryers. 

presented in Table 6-116. Grain processors affected by drying operations 

have been separated out t o  highlight the impact of dryer costs  fo r  the 

best control technology level .  

Sunmaries of incremental cos ts  above Sta te  standards are  

6-37 



-a 
C 
O 

0 0  
O D  

m . - .  
* h  
N 

mDDg 

- 

0 0  
0 0  

I D h  
h h  
N 

'tc': 

- 

- 
L > . z 

E *  
- 

VI 

VI 
- 0  u. U 
VI 
0 . a  
U W  

N 
O r  u o  
- 2  

, . - -  

% i  

VI 
4.8 
Y) 
0- 
U >  m 
a. .-- c- a 

__. 

II) 
c) * 
0- 

Y. .- - 
E- 
=I 

"2 

II) 
0 * 
0- 
U T  m 
u. ..-- 
E- 
? 

- 

II) 
Y 
VI 
0- 

m 
Y. 
.rD =- 
=I 

v a  

__. 

" * 
r 
Ol 

a 
e a 
I- 

m a 
E .  

4 -  

- 
__. 

E 

m 
L 
m 
W a 

- 
e 



2 
0 

0 
E c 
U- 
a J V I  

- - h  
O L  
Ln 
c, e o  
0 1  

c, 
VI 
aJ 

F- 

+?il 

" 3  

rn 

m 

E 

L a 
aJ 
> 
l- 

.r 
m 

n 

m c a m m m  
O N O I O O N .  

~ 0 0 0 0  
. . . .  

W N N W O I  

-0700 
- m - m ~  . . . - .  

S E  
L L E  
0 o m  

U V  Val 
W C r V - h S  c al'r L 0 

m a n  

ZzspInv) 
6-39 

2 
D 

0 c 
S 
V- 
W V I  
- L  

W 
- -h  
O L  
c, s o  
0 1  

c, 
VI 
W 

- 

L-n 

2.3 
m 

n - 
3 

2 %  

0 

0- 
EVI 
C L  

I-L 

- 

n 
o m  

o a  

7- 

L E  
c, .r su 
V -  

U 
c,c  
Lo .r aJ- m 

4 

00 
00 m 
O h  m - Yo' 0 

00 
00 
" L  0. h m  r 

m -  

m 
c 

00 
00 

r.h 
h- 

r 
I- 

c\ 

%? 



6.2.4 Cost Effectiveness for Grain Dryers 

The purpose of t h i s  section i s  t o  present the costs o f  various 

controls on grain dryers against t h e i r  performance i n  reducing emissions. 

In this section, the capital  and annualized costs f o r  a 2000 bushell 

hour dryer system, including controls ,  will be presented. Both rack 

and column dryers will be reviewed. 

The 2000 b u / h r .  dryer i s  assumed t o  remove 5 percentage points of 

moisture and to  operate 500 hours annually. 

represents the typical operation a t  a country elevator  t h a t  specializes 

j: h?:!!::: c ~ r n  2nd snyhean 9rains.  

commercial rice dryer. 

This size and operation 

I t  a l s o  represents the t.ypica1 

The cost  data fo r  the dryers and controls are based on vendors 

quotations and the Arthur D. Little study, as discussed in  Section 

6.2.1 . l .  

presented i n  Section 6.2.1.1. 

The assumptions used in calculating annualized costs were 

The only two levels  of control analyzed were screens and 

bacuum-cleaned screens. Attempts i n  establishing a cost-effectiveness 

relationship versus screen mesh were unsuccessful. Contact' w i t h  various 

vendors brought..a mixed response as f a r  as cost  differences i n  mesh 

size .  The most i m p o r t a n t  factor  of cost  was found to  be the vacuum- 

cleaning mechanism fo r  removal of collected par t iculate  matter from 

the screen enclosure. 

A summary of the capi ta l ,  annualized costs ,  incremental annualized 

costs ,  and cost-effectiveness a re  presented i n  Table 6-17. 

i n  the tab le  suggest t ha t  the column dryer w i t h o u t  a screen i s  j u s t  

The data 

as e f fec t ive  a s  a rack, dryer w i t h  the vacuum-cleaned screen, as f a r  as 
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mass emissions are  concerned. 

screen may be just as  expensive . a s  the column dryer with no screen, 

both costing about 3.93 cents per bushel; b u t  the rack dryer produces 

a s ign i f i can t ly  grea te r  amount of emissions. 

The rack dryer w i t h  the non-vacuum-cleaned 

In terms of cost-effectiveness,  the requirement of a vacuum-cleaned 

screen on the column dryer .will cos t  $1.95 per incremental pound 

of pol lutant  removed. 

vacuum-cleaned screen would cos t  about $0.34 for  each incremental pound 

of pol 1 utant  removed. 

For the rack dryer ,  the requirement of a 
. -  .. ~. 

6-42 



6.3 ECONOMIC IMPACT ANALYSIS FOR NEW AND RECONSTRUCTED SOURCES 

6.3.1 Introduction 

In this section, the economic impact of incremental control costs  

i s  assessed fo r  new and reconstructed sources i n  the grain d is t r ibu t ion  system 

(grain e leva tors ) ,  grain processors (unloading f a c i l i t i e s  and grain handling), 

and grain drying operations. The incremental control cos ts  developed for  the 

a l t e rna t ive  controls  i n  Section 6.2 wi l l  serve a s  the i n p u t  f o r  the analysis 

i n  this section. The econanic impact w i l l  be addressed i n  terms of new 

sources t o  be b u i l t  for  each a l t e rna t ive  control leve l .  The conclusion 

regarding the impacts a t  various leve ls  will  then be incorporated as a 

decision tool i n  recommending standards in  the ra t iona le  chapter. 

6.3.2 Grain Storage Elevator and Dryers 

One important trend i n  the grain industry i s  an increased demand for  

h i g h  throughput elevators.  The recent upsurge i n  foreign demand for  U.S. grain,  

the slow b u t  s tead i ly  increasing domestic demand for grain,  the lower level 

of grain stocks, the trend toward more on-farm storage,  and the a t t r a c t i v e  

rai l road t a r i f f  offered by some rai l roads f o r  mu1 t i - ca r  shipments have 

canbined t o  produce two major effects :  

g r a i n  elevators t o  s to re  g r a i n ,  and 

and move la rger  quant i t ies  of grain. 

construction of elevators which a r e  ocated i n  the country and have 

moderate to  low storage capacity and the a b i l i t y  t o  handle grain quickly. 

Likewise, these forces have stimulated some elevator operators t o  modernize 

t h e i r  exis t ing country elevators  to load 25, 50, or 100 jumbo hopper cars  

(1) a decrease in the demand fo r  

2) an  increase i n  the demnd to handle 

The above forces have stimulated the 

quickly . 20 . 
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As a r e s u l t  o f  t h i s  t rend most new e levators  a r e  be ing  designed w i t h  

s i m i l a r  s torage capac i ty  b u t  r e l a t i v e l y  h i g h  throughput compared w i t h  e x i s t i n g  

count ry  e leva tors .  

throughput of 1,000,000 bushels per  year  w i t h  storage capac i ty  of 500,000 

bushels, t h e  new h i g h  throughput te rm ina l  e leva to r  would have the  same storage 

capac i ty  and 3,500,000 bushels per yea r  throughput. Some 105 .low storage-high 

throughput i n l a n d  te rmina l  e leva to rs  would be const ructed i n  t h e  absence of 

standards o f  perfonnance over  a 5 year  pe r iod  t e n i n a t i n g  i n  1981 .21 Also an 

Whereas a convent ional  count ry  e leva to r  migh t  have a 

est imated tweive iniarid i t i d i t l o n a : )  ~ G X + K ~ S  and fi-5 pert te rmina ls  wn~dld 

be const ructed i n  t h e  absence o f  standards over t h e  same t ime per iod.  22 

According t o  ADL, t h e  t y p i c a l  count ry  e leva to r  w i t h  a storage capac i ty  

o f  200,000 t o  500,000 bushels and an annual throughput r a t i o  o f  2-3 i s  genera l l y  

n o t  be ing const ructed a t  t h i s  time. Except f o r  replacement o f  a count ry  

e leva to r  destroyed by  f i r e  o r  explosion, o r  f o r  f i l l i n g  an unusual l o c a l  

need, l i t t l e  economic i n c e n t i v e  e x i s t s  f o r  cons t ruc t i on  o f  new country  e leva tors  

through 1981. 

throughput count ry  e leva tors  may be  b u i l t ,  p r i m a r i l y  t o  rep lace  destroyed 

Nevertheless, a p ro jec ted  number o f  some 40 l o w  storage, low 

.- 

f a c i l i t i e s ,  through 1981. 23 

EPA contac t  wi th  b u i l d e r s  of, g r a i n  e leva tors  i n  the  rnldwest found 

t h a t  some small country  e leva tors  may be One b u i l d e r  

i nd i ca ted  t h a t  poss lb l y  i n  c e r t a i n  l o c a l i t i e s  w i thout  adequate r a i l  

f a c i l i t i e s ,  there  might be a need f o r  a new country  e leva tor .  

areas, the  t rend  is toward cons t ruc t i on  o f  more storage, r a t h e r  than 

new e leva to r  cons t ruc t ion ,  and conveyance of gra in  by t r a c t o r - t r a i l e r  

t r u c k  haulage t o  a te rmina l  e leva to r .  

I n  such 
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A second important t rend  i s  modern izat ion o f  e x i s t i n g  country  e levators  

t o  load a l a r g e  number o f  r a i l r o a d  cars i n  a r e l a t i v e l y  sho r t  t ime.  

e x i s t i n g  count ry  e levators  can upgrade t h e i r  f a c i l i t i e s  t o  load m u l t i - c a r  

t r a i n s ;  but ,  those t h a t  do have the  oppor tun i t y  would r e a l i z e  a subs tan t i a l  

savings i n  f r e i g h t  costs. 

savings a r e  ava i lab le ,  t he re  would be 110 economic i n c e n t i v e  t o  upgrade the  

hand l ing  capac i ty  a t  a count ry  e leva to r .  

be accomnodated by a d d i t i o n  o f  s torage capac i t y  alone. 

est imate o f  140 modernizations (i .e. upgrading throughput capac i ty )  w i l l  occur 

by 1981 t o  u t i l i z e  50-100 car  t r a i n s  and some 215 m d e r n i z a t i o n s  t o  u t i l i z e  

25-car (o r  fewer i n  number) t ra ins.26 These est imates are  f o r  f a c i l i t i e s  

const ructed i n  the  absence o f  new source performance standards. 

Not a l l  

I t  i s  impor tant  t o  emphasize t h a t  unless the  f r e i g h t  

Expansion i n  g r a i n  p roduc t ion  cou ld  

Nevertheless, an 

Another issue, as ide  from growth i n  g r a i n  e levators ,  i s  the  const ruc-  

t i o n  o f  new g r a i n  d ryers  by  g r a i n  e leva tors  a long the  g r a i n  d i s t r i b u t i o n  

system. 

and in land  terminals  t h a t  handle and s t o r e  co rn  and soybean gra ins and t o  

those p o r t  terminals  t h a t  load g r a i n  f o r  export markets. 

a r e  expected t o  be b u i l t  i n  the absence o f  new source performance standards 

through 1981. 

These dryers a r e  p a r t i c u l a r l y  impor tan t  t o  those country  e leva to rs  

Some 1382 g r a i n  d rvers  

A sumnary o f  t h e  nunher o f  new and recons t ruc ted  g r a i n  storage 

e levators  and dryers  t o  be b u i l t  i n  the  absence o f  new source performance 

standards over the  1976-1981 t ime  per iod  i s  presented i n  Table 6-18. 
- 

4 

The f o l l o w i n g  assumptions a r e  used i n  analyz ing t h e  econanic impact 

of incremental  c o n t r o l  cos ts  associated w i t h  c o n t r o l  l e v e l s  which are  

more s t r i n g e n t  than c u r r e n t  S ta te  regu la t i ons .  Any new e leva to r  must compete 

6-45 



TABLE 6-1 8. GRAIN STORAGE ELEVAT.QRS~-ANLIQPAIEO NUMBER 
OF NEW AND RECONSTRUCTED SOURCES IN ABSENCE OF NSPS 

(January 1 ,  1976 t o  December 30, 1981) 

Country Elevators 

Country Elevators (Upgraded t o  
25 ca r  t r a i n s )  

Country Elevators (Upgraded t o  
50-100 car  t r a i n s )  

Ui -h  Thrminhniit Tnrmin.1  c "'.J" , 1 1 1  ,-.........._ 
Traditional Inland Terminals 

Port Terminal s 

~ 

New, Reconstructed 
Grain Elevators 

40 

21 5 

140 

105 

1 2  

5 
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New Grain 
Dryers 

1115 

70 

57 

65 
65 

10 



not only w i t h  other elevators in a one-on-one sense b u t  a lso w i t h  r ival  

transportation and dis t r ibut ion systems canposed of country elevators 

and terminals. Each new elevator t ha t  co l l ec t s  gra in  fran the farmer 

and  d i s t r ibu tes  i t  t o  an end point,  such as a p o r t  tenninal or processor, i s  

creating a new collection and transportation system t h a t  i s  competing w i t h  

existing similar systems. 

costs  to meet S ta te  regulations a s  of July 1 ,  1975 and have passed these 

costs through their respective d i s t r i b u t i o n  systems along t o  producers and 

consumers of grains and possibly absorbed some. I t  would appear t h a t  these 

costs are approximately equal t o  current do l la r  value of controls for meeting 

S ta te  regulations on new and reconstructed sources. 

f i t t i n g  controls t o  existing sources prior t o  July 1 ,  1975 would probably 

find t h 3 t  a 20 t o  30 percent r e t r o f i t  penalty to  be completely o f f se t  by 

an inf la t ion r a t e  o f  the same magnitude for new sources b u i l t  i n  1976 or  1977. 

Any new s ina le  e&evator to be bu i l t  must e i the r  absorb any incremental costs 

t h a t  exceed controls for compliance with State  requlations o r  pass them 

back t o  the farmer i f  i t  cannot assimilate these costs in to  i ts  to ta l  

d i s t r i b u t i o n  (includinq transportation) system costs.  The individual 

elevator operator i s  a small participant i n  the total  world grain market 

and cannot be expected to  singularly pass his costs forward to  the consumer. 

All existing elevators have incurred control 

In other words, retm- 

In the analysis of the t radi t ional  country elevators,  the existing 

country elevator i s  assumed t o  have a total  dis t r ibut ion system cost  of 

48.8 cents per bushel, which includes pollution controls i n  compliance w i t h  

S ta te  regulations. 

through the inland terminal t o  the port terminal, or processor. 

system, p ro f i t  fo r  the country elevator i s  assumed to  be 2.1 cents per 

bushel. 

In this system, grain moves from the country elevator 

In this 

Incremental control costs associated with best control technology 
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w i t h  d r y i n q  amount t o  2.556 per bushel (see Table 6-12) and 1.434 per  

b u s h d  w i thou t  d r y i n g  f o r  a new o r  r e b u i l t  e leva tor .  

passing these incremental  costs  back t o  the farmer appears remote 

except i n  those areas where the r e b u i l t  country e levators  may be several 

m i les  away from competing e leva tors .  

a r e  found i n  c l u s t e r s .  

e leva to rs  w i t h i n  a g iven c l u s t e r  whereas d is tance between c l u s t e r s  may be 

20 t o  40 m i l e s  o r  more. 

t h e  a d d i t i o n a l  costs  o f  con t ro l s ,  then t h i s  e leva tor  w i l l  have a d i s t i n c t  

c = p e t i t i ~  disdVanta9e i f  it. at.t.empt.s t o  pass the  c o s t  back t o  t h e  fanner. 

The fanner, g iven  t h i s  s i t ua t i on ,  w i l l  merely bypass t h e  newly const ructed 

count ry  e leva to r  and s e l l  h i s  g r a i n  t o  one of t h e  o the r  e levators ,  who may 

The p o s s i b i l i t y  o f  

General ly country e leva tors  

A d is tance o f  o n l y  some 2-5 m i l e s  m igh t  separate 

I f one e l e v a t o r  i n  a c l u s t e r  i s  r e b u i l t  and incurs  

have s u f f i c i e n t  s to rage capaci ty .  

I f  the  compet i t i ve  s i t u a t i o n  e x i s t s  as j u s t  discussed for  the new o r  

r e b u i l t  country  e levators ,  the costs of 2.554 per  bushel and 1.434 per  bushel 

(Table 6-12) completely absorbs o r  n e a r l y  absorbs the 2.14 expected p r o f i t  

f o r  the new source. I n  the  judqment o f  EPA, t h i s  i s  s u f f i c i e n t  reason t o  

b e l i e v e  t h a t  t h e  40 count ry  e leva to rs  would n o t  be b u i l t  i f  bes t  c o n t r o l  

technology were requi red.  

b u i l t  a t  e x i s t i n g  country  e leva tors  would be expected t o  prec lude the 

cons t ruc t i on  o f  approximately 524 dryers.  

Furthermore, bes t  d rye r  c o n t r o l s  f o r  new dryers 

__ 
The recanmended con t ro l s  w i l l  r e q u i r e  an incremental  c o s t  o f  0.64 

per bushel, which would reduce an expected p r o f i t  o f  2.1 cents per  bushel 

b y  29 p e r c e n t - i f  these costs  were absorbed by t h e  count ry  e leva tor .  

I n  t h e  judgment of EPA t h t s  p r o f i t  r educ t i on  may be s u f f i c i e n t  t o  preclude 

t h e  cons t ruc t i on  of e leva to rs  for some 50 percent o f  t h e  a n t i c i p a t e d  40 

e leva tors .  

type o f  s i t u a t i o n ;  t h e  b e s t  percept ion  o f  the  c o l l e c t i v e  op in ion  o f  40 

It i s  d i f f i c u l t  t o  second-guess management v iewpo in t  i n  t h i s  
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elevator operators would be t h a t  they would be divided equally on this 

issue of rebuilding an elevator. 

estimate of the impact of precluding the constructbn o f  20 elevators fo r  the 

recomnended control leve l .  

Hence, th i s  i s  the argument fo r  the 

For the analysis of the upgraded country elevators and h i g h  throughput 

terminals, the importance of the transportation system becomes apparent i n  

the impact analysis. 

costs fo r  various d is t r ibu t ion  systems in which  g r a i n  can proceed from the 

point of delivery a t  the country o r  inland terminal u p  t o  delivery a t  a 

port terminal or  grain processor. 

assimilated into these cos t  s t ructures  for the a l te rna t ive  control levels .  

Systems 2 through 5 involved prospective new sources i n  competition w i t h  

an existing country elevator-existing inland terminal-port system (System 1 ) .  

As mentioned e a r l i e r ,  the only incentive f o r  upgrading or building a h i g h  

throughput teiminal was the possible reduction of transportation costs .  

Table 6-19 shows the estimated total  grain dis t r ibut ion 

., 

Pollution control costs have been 

A review of Table 6-19 finds tha t  S.ystem 2 elevator systems, those tha t  

a r e  f a r  r e m o u  from the terminal point of consumption, may find a problem 

in  remaining competitive w i t h  existing country elevators. Incremental control 

costs  f o r  the a l te rna t ive  control levels would increase the to ta l  dis t r ibut ion 

costs  up t o  a point (48.84/bu) beyond which the prospective upgraded elevator 

could no longer compete. 

add 2 .1 t  f o r  pollution controls ( f o r  both upgraded country elevator and 

existing inland terminal) ,% which would increase the d is t r ibu t ion  costs from 

42.6-47.2 cents per bushel t o  44.7 - 49.3 cents per bushel, w i t h  only those 

For example, a System 2 elevator system would have t o  

- 
k 

upgrades i n  the range of 44.7 - 48.8 cents remaining viable. Given t h a t  the 
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44.7 - 48.8 cents i s  a base l ine  f o r  System 2 e leva tors  i n  compliance w i t h  

S ta te  regulat ions,  incremental  costs  f o r  recommended c o n t r o l s  would r a i s e  

the d i s t r i b u t i o n  costs t o  45.5 - 48.8 cents  per  bushel. 

of System 2 e leva tors  were un i fo rmly  spread across t h i s  cos t  range, then i t  

can be shown by mathematical ca l cu la t i on ,  (1 - 48.8 48.8 - - 45'5 44.7 ) x loo%, t h a t  

t h e  number o f  e leva tors  would be d imin ished by  20 percent. Carry ing t h i s  

process fu r the r ,  apply ing oes t  c o n t r o l s  w i thou t  the  dryer  vacuum-cleaned 

screen requirement would reduce the  number o f  System 2 e leva to rs  by 44 

percent from the  base l ine  o f  S t a t e  regu la t ions .  Best con t ro l s  i n c l u d i n g  

t h e  vacuum-cleaned screen requirement on d rye rs  would reduce the number 

I f  the  popu la t ion  

~1. ... _ _  

. - ~~~. . ___ .. - . . .  . .  ~ . 

of System 2 e leva tors  by 78 percent f r o m  t h e  State basel ine.  

Table 6-20 shows t h e  t r a n s l a t i o n  o f  these percentage reduc t ions  i n t o  

ac tua l  numbers f o r  t h e  System 2 e leva tors .  

and 15 wheat) a re  a n t i c i p a t e d  t o  be upgraded i n  t h e  absence o f  Federal stan- 

dards. 

According t o  the  tab le,  the impos i t ion  of recamended c o n t r o l s  would reduce 

the  43 e leva tors  t o  35; bes t  c o n t r o l s  w i t h o u t  d rye r  'vacuum-cleaned screen, t o  

24; and bes t  c o n t r o l s  w i t h  d r y e r  vacuum-cleaned screen, t o  9. 

i s  exoected t h a t  mst elevators  t h a t  d e r i v e  t h e i r  major revenues from 

d ry inq  (e.q., the 13 cornlsoybean cases) would be d i r e c t l y  a f f e c t e d  by  a 

s t r i n g e n t  dryer  standard. 

the d r y i n g  func t i on  from the System 2 t o  t h e  System 3 e leva tors .  

cos t  burden o f  1.4 cents per bushel f o r  d r y i n g  con t ro l s  i n  a d d i t i o n  t o  t h e  

normal d ry ing  cost  o f  2.1 cents per  bushel cou ld  be b e t t e r  handled by the 

Some 43 e leva tors  (25 corn/soybean 

O f  these, 15 w i l l  i n s t a l l  d ryers  (13 f o r  cornlsoybean and 2 f o r  wheat). 

- _ _  

I n t u i t i v e l y ,  i t  

I n  any event, t h e  impact would be a s h i f t  o f  

The 
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compet i t ive e l e v a t o r  system w i t h  t h e  d i s t i n c t  t r a n s p o r t a t i o n  advantage. 

This  i s  shown i n  Table 6-20 f o r  S.Vstem 3 where the number o f  dr.vers would 

remain unchanged. 

With regard t o  o ther  types o f  e levators ,  t h e r e  does no t  appear t o  be 

any impact as f a r  as g r a i n  handl ing Operations are concerned. 

operat ions,  the  impact of vacuum-cl eaned screen requirements would preclude t h e  

replacement o f  some 19 dryers  f o r  t h e  upgraded count ry  e leva tors  (50 t o  100 

c a r )  and h i g h  throughput terminals.  

For dr.vina 
. . . - . . .. . 

(See Table 6-20.) No change i s  a n t i c i p a t e d  

Iii the  i-iiixbei- o f  i i r y e ~  at t k  t r & i t i ~ ~ a !  ! R ! Z R ~  2nd t ~ ~ i n a ! S .  

The preceding ana lys is  has been from t h e  perspect ive o f  accomnodating 

incremental annual ized c o n t r o l  costs  t h a t  accrue t o  var ious e levators .  

It i s  a l s o  impor tant  t o  assess t h e  incremental c a p i t a l  requirements i n  order 

t o  acqu i re  more i n f o r m a t i o n  t h a t  would support  an economic impact ana lys is  

based on annualized costs .  Table 6-21 presents the incremental c a p i t a l  

requirements above t h e  Sta te  r e g u l a t i o n  as a base l ine  f o r  the  th ree  

a l t e r n a t i v e  c o n t r o l  l e v e l s .  For example, the  upgraded e l e v a t o r  (25 cars)  

would r e q u i r e  12 p e r  cent more c a p i t a l  f o r  t h e  proposed c o n t r o l s  than f o r  

compliance w i t h  the Sta te  r e g u l a t i o n .  Comparing t h e  der ived data i n  

Tables 6 4 0  and 6-21, general consistency can be found between the reduc- 

t i o n  i n  sources and incremental c a p i t a l  increases. 

appears t o  be t h e  e n t i r e  group o f  upgraded country  e leva tors  imposed by t h e  

apparent s i g n i f i c a n t  increases f o r  b e s t  c o n t r o l s  w i t h  and w i thout  dryer  

vacuum-cleaned screen r e q u i r e m n t s .  These subs tan t ia l  increases i n  the  range o f  - 
21 t o  37 percent appear s u f f i c i e n t l y  p r o h i b i t i v e  t o  preclude t h e  upgrading 

The one noteworthy except ion 

... 

.- _ _ ~ -  

cons t ruc t ion  p r o j e c t ,  y e t  Table 6-20 shows no impact f o r  upgraded country  

e levators  t h a t  sh ip  d i r e c t l y  t o  p o r t  te rmina l  o r  g r a i n  processors. The 
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explanation for  this i s  tha t  some elevator operators would pursue the 

opportunity t o  s ign i f icant ly  reduce the i r  t ransportat ion and hand1 i n g  cos ts  

i f  they f e l t  they could by-pass another elevator or  terminal i n  t h e i r  

shipping t o  the f ina l  market. 

ship d i r ec t ly  to  the terminal, there are  substantial  savings i n  the to ta l  

d i s t r ibu t ion  costs .  

cap i ta l  burdens imposed fo r  controls ,  w i t h  one exception, grain dryers. 

basis fo r  this assmption is t h a t  the more serious competition fo r  upgraded 

elevators would be exis t ing elevators ,  not inland or  h igh - th roughpu t  terminals. 

Country elevators a r e  more numerous and tend t o  be c loser  t o  one another; 

terminals a r e  fewer and f a r the r  from other terminals. 

For the  upgraded country elevators t h a t  can 

These savings a r e  assumed to override . the incremental 

The 
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6.3.3 Grain Processors 

6.3.3.1 Soybean Drocessinq 

Increasing worldwide demand fo r  meat and the unre l iab i l i ty  of 

other high protein animal feed supplies has resulted i n  a high degree 

of growth f o r  the soybean processing industry. 

fo r  this industry increased from $1.5 b i l l ion  i n  1963 t o  $3.4 b i l l ion  

in 1972, an increase of about 9.5 percent per year. 

t ha t  worldwide demand for  meat products will continue t o  grow dramatical- 

iy  w i t h  a correspundinyiy iii.6iii6tic g i - s i t h  i;, demn::?. for C S ; ~ ~ ~ C -  

the next f ive years, ten additional plants a r e  expected to  be bui l t .  

The value of shipments 

I t  i s  expected 

Over 

Table 6-22 i l l u s t r a t e s  the financial  impact of pollution control 

on a model soybean processing plant .  This model i s  representative of 

the larger  mil ls  t o  be bu i l t  in the future. Case 1 represents the 

impact of pollution controls fo r  a new source to  comply w i t h  State  

regulations i n  the absence of new source performance standards. 

th rough  4 represent the impact f o r  a l te rna t ive  control levels  analyzed 

here fo r  new source performance standards. 

Cases 2 

, 

In comparing Cases 2-4 w i t h  Case 1 ,  the percentage of control 

capital  re la t ive  to  fixed assets  increases from 1.2 percent t o  the 

maximum of 2.4 percent fo r  Case 4. 

percentage of p ro f i t s  before taxes increase from 2 percent fo r  State  

regulatory compliance to  3.9 percent f o r  Case 4 ,  the worst case. 

The price increase f o r  the new source, under the worst case, required t o  

maintain return on to t a l  assets  i s  quite small - 0.15 percent versus 

0.07 percent f o r  the S ta te  regulation. 

Annualized control costs a s  a 
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Table 6-22. Model Soybean Processing P lan t  

Fixed Assets 
Tota l  Assets 
Sales Revenue 
P r o f i t  before Taxes 
Return on Tota l  Assets (ROI) 

$11,660,000 
$29,930,000(1) 
$66,000,000 
$ 2,000,000 

6.7% 

Contro l  Cap i ta l  

Annualized Contro l  
costs  

Control  Cap i ta l  i 
Fixed Assets 

Annualized Costs + 
P r o f i t  before Taxes 

P r i ce  Increase t o  
Ma in ta in  R O I  

Case 1 
Sta te  

:egulat ion 

$1 40,400 

$ 39,500 

1.2% 

2.0% 

0.07% 

Case 2 
.e commended 
Control  s 

$227,800 

$ 68,000 

2.0% 

3.4% 

0.13% 

Case 3 
#es t  Contro ls  
(No Dryers) 

$248,800 

$ 71,600 

2.1% 

3.6% 

0.13% 

.Case 4 
;es t  Contro ls  
I n c l .  Dryers)  

$276,400 

$ 77,200 

2.4% 

3.9% 

0.15% 

(')Annual Throughput, 11.1 MM Bushels/yr. 

Source f o r  f i n a n c i a l  data: Ar thur  0. L i t t l e  (updated t o  1976 d o l l a r s ) .  
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In view of the resu l t s  presented i n  Table 6-22, no adverse impact 

on industry growth i s  judged t o  be caused by adoption of new source 

performance standards. 

maintained through a pr ice  increase of about 0.1 percent beyond current 

prices su f f i c i en t  t o  maintain ROI f o r  plants  i n  compliance w i t h  S ta te  

regulations. The additional capi ta l  requirements a re  considered 

reas on ab1 e. 

A new source 's  p ro f i t ab i l i t y  i s  expected t o  be 

6.3.3.2 Wheat Milling 
TL- -I----&: - s . s h n m +  
, 1 1 5  " " , , , 5 ~ ~ , L  ,,,,L "* m!!!in: industry has net. : r w n  ever the p a s t  

few years. 

because of the consumer's s h i f t  t o  meat as he has become more aff luent .  

Therefore, excess mill ing capacity ex i s t s ,  leaving l i t t l e  incentive f o r  

adding storage or throughput capacity. 

The demand f o r  f lour  has decreased on a per capi ta  basis 

Table 6-23 i l l u s t r a t e s  the financial  impact of pollution control 

Case 1 represents the impact of pol- on a model wheat mill ing plant. 

lution control f o r  a new source t o  comply with S ta te  regulations i n  

the absence of new source performance standards. 

represent the impact of a l te rna t ive  control levels  analyzed here fo r  new 

source performance standards. 

grain drying; hence, the absence of a dryer vacuum-cleaned screen require- 

ment i n  this model analysis. 

Cases 2 and 3 

Wheat mil Is normally do n o t  require 

In comparing Case 1 with Cases 2 and 3,  incremental control capi ta l  

requirements of $86,600 (Case 2 )  and $108,400 (Case 3)  are  only 

approximately 3 percent (as  a percentage of t o t a l  fixed a s se t s )  greater  

than fo r  Case 1. Annualized control costs  of $68,000 and $71,600, 
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Table 6-23. Model Wheat Mill 

Pre-Control Financial Data 
I 

Fixed Assets 
Total Assets 
Sales Revenue 
Prof i t  before Tax 
Return on Total Assets (ROI) 

$3,480,000 
$5,670,000(,) 

$1 1,342,000 
$ 530,000 

9.3% 

Control Capital 

Annualized Control 
costs 

Control Capital f 

Fixed Assets 

Annualized Costs + 
Prof i t  before Taxes 

Price Increase to  
Maintain ROI 

Case 1 
S ta te  

,egul ation 

$1 40,400 

$ 39,500 

4.0% 

7.5% 

0.46% 

Case 2 
.ecomended 
Controls 

$227,800 

$ 68,000 

6.5% 

12.8% 

0.79% 

Case 3 
est Controls 
(No Dryers) 

$248,800 

$ 71,600 

7.1% 

13.5% 

0.84% 

(l)Annual Throughput,  2.78 MM Bushels/yr. 

Source fo r  financial data: Arthur D. L i t t l e  (updated t o  1976 dol la rs ) .  
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measured as a percentage of p ro f i t s  before taxes, a re  approximately 

5 percent greater  than fo r  Case 1. 

a his tor ical  ROI of 9.3 percent a re  approximately 0.8 percent, or  0.4 

percent more than prices required t o  maintain p ro f i t ab i l i t y  fo r  plants 

i n  compliance w i t h  S ta te  regulations. 

Price increases required t o  maintain 

I f  there were growth i n  the wheat milling industry, the conclusion 

inferred from Table 623 is tha t  no adverse impact will r e su l t  from 

adopt ion  of the new source performance standards. 

of 0.4 percent and additional capi ta l  requirement of 3 percent are 

judged t o  be reasonable. 

The price increase 

6.3.3.3 Wet Corn Milling 

Demand f o r  wet corn mill products, primarlly corn s tarch,  has 

increased a t  approximately 4 - 5 percent per year over the l a s t  decade. 

No change i n  this growth rate i s  expected over the next f ive years. 

However, ample wet corn milling capacity exists, which suggests l i t t l e  

need t o  add to  existing capacity over the next f ive  years. 

Table 6 2 4  i l l u s t r a t e s  the financial  impact of pollution control 

Case 1 represents the impact of fo r  a model wet corn milling plant. 

pollution control fo r  a new source to  comply w i t h  State  regulations i n  

the absence of new source performance standards. 

mill ing,  the typical wet corn milling plant  has no grain drying f a c i l i t y .  

Therefore, only two levels  of control (Cases 2 and 3) are  analyzed 

here fo r  new source performance standards. 

Similar t o  wheat 

In comparing Case 1 with Cases 2 and 3, incremental control 

capi ta l  requirements of $86,600 (Case 2) and $108,400 (Case 3) are 

only approximately 0.25 percent (as  a percentage of to ta l  fixed asse ts )  
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Table 6-24. Model Wet Corn Mi 

Pre-Control Financial Data  
I 

Fixed Assets 
Total Assets 
Sales Revenue 
Prof i t  before Tax 
Return on Total Assets (ROI) 

1 

$41,330,000 
$54,070,000~1~ 
$41,594,000 
$ 2,650,000 

4.9% 

.Control Capital 

Annualized Control 
costs 

Control Capital + 
Fixed Assets 

Annualized Costs + 
Prof i t  before Taxes 

Price Increase t o  
Maintain ROI 

Case 1 
S ta te  

:egul a t i o n  

$140,400 

$ 39,500 

0.34% 

1.5% 

0.11% 

Case 2 
lecomended 
Control s 

$227,800 

$ 68,000 

0.55% 

2.6% 

0.19% 

Case 3 
e s t  Controls 
(No Dryers) 

$248,800 

% 71,600 

0.60% 

2.7% 

0.20% 

(l)Annual Throughpu t ,  10 MM Bushels/yr. 

Source f o r  financial  data: Arthur D. Litt le (updated to  1976 dol la rs ) .  
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greater  than for  Case 1. 

$71,600, measured as a percentage of p ro f i t s  before taxes,  are  

approximately 1 percent greater  than for  Case 1. 

required t o  maintain his tor ical  ROI are  on the order of 0.1 of 1 

percent more than fo r  a new plant  i n  compliance with S ta te  regulations. 

Annualized control costs of $68,000 and 

Price increases 

I f  there  were growth in the wet corn milling industry, the con- 

clusion inferred from the data i n  Table 6-24 i s  t h a t  no adverse impact 

will r e s u l t  from the adoption of new source performance standards. 

Incremental capi ta l  requirements and pr ice  increase required t o  sustain 

h i s to r i c  p r o f i t a b i l i t y  a r e  judged t o  be negligible.  

6.3.3.4 Dry Corn Milling 

Dry corn mi l l s  produce g r i t s ,  cornmeal, corn f lou r ,  and a base 

Production has remained nearly the same fo r  fo r  breakfast cereals.  

the l a s t  decade; per capita consumption of a l l  f lour  products has 

fa l len  as people subst i tuted meat f o r  baked goods. 

ample capacity, and per-capita consumption is expected t o  be level or  

slowly decreasing. 

The industry has 

Therefore, there  i s  no incentive t o  expand capacity. 

Table 6-25 i l l u s t r a t e s  the financial  impact of pollution control 

for  a model dry corn mil l .  Case 1 represents the impact of pollution 

control fo r  a new source t o  comply w i t h  State  regulations i n  the 

absence of new source performance standards. 

the impact fo r  a l t e rna t ive  control leve ls  analyzed here fo r  new source 

performance standards. 

Cases 2 th rough  4 represent 
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Table 6-25. Model Dry Corn Mill 

Pre-Control Financial Data 
Fixed Assets 
Total Assets 
Sales Revenue 
Prof i t  before Taxes 
Return on Total Assets (ROI) 

Control Capital 

Annualized Control 
costs 

Control Capital I 
Fixed Assets 

Annualized Costs + 
Prof i t  before Taxes 

Price Increase t o  
Maintain ROI 

Case 1 
State  

Legul a t i  on 

$1 40,400 

$ 39,500 

4.0% 

7.5% 

0.46% 

$3,480,000 
$5,670,000~1) 
$9.793.000 

Case 2 
Lecomended 
Control s 

$227,800 

$ 68,000 

6.5% 

12.8% 

0.79% 

Case 3 
est Controls 

$248,000 

$ 71,600 

7.1% 

13.5% 

0.84% 

Case 4 
est Controls 
Incl. Dryers) 

$276,400 

$ 77,200 

7.9% 

14.6% 

1.05% 

(l’Annua1 Throughput ,  3.35 MM Bushels/yr. 

Source for  financial  data: Arthur 0. L i t t l e  (updated t o  1976 dol la rs ) .  



In comparing Cases 2 - 4 with 1 ,  the percentage of control capital  

re la t ive  t o  fixed assets  increases from 4 percent t o  the maximum of 

7.9 percent fo r  Case 4. Annualized control costs a s  a percentage of 

prof i t s  before taxes increase from 7.5 percent fo r  State  regulatory 

compliance t o  14.6 percent for  Case 4,  the worst case. 

f o r  the new source, under the worst case,  required t o  maintain return 

on t o t a l  assets  a re  small - approximately 1 percent versus approximately 

0.5 percent fo r  the S ta te  regulation. 

Price increases 

I f  growth were t o  occur i n  the dry corn milling industry, the 

incremental impact incurred by adoption o f  new source peiioixafice 

standards would not present a barrier t o  this growth. A pr ice  increase 

of some 0.5 percent t o  pay fo r  the incremental controls fo r  the most 

s t r ingent  level of controls and t o  maintain h i s to r i c  p ro f i t ab i l i t y  appears 

t o  be reasonable f o r  a new source. 

incremental capi ta l  requirements. 

The same conclusion holds fo r  the 

6.3.3.5 Rice Milling 

The rice milling industry serves as a processor t o  the r i c e  farming 

industry by cleaning and d e h u l l i n g  rough r i c e  t o  produce whole grain 

milled rice. 

to t a l  domestic milled r i c e  production has been exported. 

domestic per capita r i c e  consumption has been stable for years and i,s 

expected to  remain so i n  the future ,  any increases i n  domestic milled 

r i ce  production will occur only as a result o f  increased international 

demand. This international demand will be expected to  increase due t o  

expanding population i n  countries where r i c e  i s  a dietary s taple .  The 

United States  remains one of the few areas i n  the world where agricul tural  

For the l a s t  several years,  more than 60 percent of 

Since 
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product ion can be expanded r a p i d l y .  

jumped from $5 per  hundred pounds t o  $18 per  hundred pounds f o r  rough 

r i c e .  

However, the  s t a b i l i t y  o f  these h igh p r i c e s  and demand i n  overseas 

markets remain such an unce r ta in t y  t h a t  p r o j e c t i o n  i n  f u t u r e  capaci ty  

growth i s  d i f f i c u l t .  

exper t ise,  c o m o d i t y  t r a d i n g  soph is t i ca t i on ,  and c a p i t a l  investment 

p lanning t o  manage the  r i s k  o f  s e l l i n g  r i c e  i n  t h e  i n t e r n a t i o n a l  markets 

w i l l  l i m i t  f u t u r e  growth t o  l a r g e r  f i rms .  

Table 6-26 i l l u s t r a t e s  the  f i n a n c i a l  impact o f  p o l l u t i o n  con t ro l  

Between 1972 and 1974, r i c e  p r i ces  

Such an increase prov ided an i n c e n t i v e  t o  expand g r a i n  product ion.  

The requirements o f  coord ina t ing  market ing 

on a model r i c e  m i l l .  

con t ro l s  f o r  a new source t o  comply w i t h  S ta te  regu la t i ons  i n  the  absence 

o f  new source performance standards. 

impact f o r  a l t e r n a t i v e  con t ro l  l e v e l s  analyzed here f o r  new source per-  

f o n a n c e  standards. 

Case 1 represents  t h e  impact o f  p o l l u t i o n  

Cases 2 through 4 represent  the 

I n  comparing Cases 2 - 4 w i t h  Case 1, the  percentage o f  con t ro l  

c a p i t a l  r e l a t i v e  t o  f i x e d  assets increases from 3.9 percent  t o  the  maximum 

of 7.6 percent f o r  Case 4. 

o f  p r o f i t s  be fore  taxes increase from 6.2 percent  t o  12.1 percent f o r  

the  worst  case. 

case, requ i red  t o  ma in ta in  r e t u r n  on t o t a l  assets are r e l a t i v e l y  small - 
0.59 percent  versus 0.3 percent f o r  t h e  Sta te  regu la t ion .  

Annualized c o n t r o l  costs  as a percentage 

Pr i ce  increases f o r  the  new source, under the  worst 

I n  view o f  t h e  r e s u l t s  presented i n  Table 6-26, no adverse impact 

on any i ndus t r y  growth i s  be l ieved t o  occur  w i t h  adopt ion o f  new 

source pe r fonance  standards. 

t o  be maintained through a p r i c e  increase o f  some 0.3 percent  beyond 

A new source’s p r o f i t a b i l i t y  i s  expected 
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Table 6-26. Model Rice Mill 

Fixed Assets 
Total Assets 
Sales Revenue 
P ro f i t  before Taxes 
Return on Total Assets (ROI) 

. .  
$3,630,000 
$7,730,000(1) 

$1 7,010,000 
$ 636,000 

8.2% 

Control Capital 

Annualized Control 
costs 

Control Capital + 
Fixed Assets 

Annualized Costs f 

Prof i t .  before Taxes 

Price Increase t o  
Maintain ROI 

Case 1 
S ta te  

Regu 1 a t i  on 

$140,400 

$ 39,500 

3.9% 

6.2% 

0.30% 

Case 2 
Recommended 
Controls 

$227,800 

$ 68,000 

6.3% 

10.7% 

0.51% 

Case 3 
es t  Controls 
(No Dryers) 

$248,000 

$ 71,600 

6.8% 

11.3% 

0.54% 

.Case 4 
e s t  Controls 
Incl .  Dryers) 

$276,400 

$ 77,200 

7.6% 

12.1% 

0.59% 

("Annual Throughpu t ,  2.88 MM Bushels/yr. 

Source f o r  f inancial  data:  Arthur D. L i t t l e  (updated t o  1976 do l l a r s ) .  
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. 

the price required t o  maintain ROI fo r  plants  i n  compliance w i t h  S ta te  

regulations. The additional capi ta l  requirements are considered reasonable. 

6.3.3.6 Commercial Rice Drying 

In 1967, more than 400 establishments solely engaged i n  drying and 

storage functions - no milling involved - were in operation. 

number includes commercial as well as on-farm r i c e  dryers. Approximately 

a9 of these establishments a r e  comnercial r i c e  dryers located i n  

Arkansas, Mississippi,  Texas, Louisiana, and California.  

i n  rough r i c e  production would require more r i c e  drying f a c i l i t i e s .  

Due t o  potential  expansion i n  domestic r i c e  production, as discussed 

i n  the previous sect ion,  growth  potent ia l  ex i s t s  fo r  commercial r i ce  

drying . 

This 

Any increase 

Table 6-27 i l l u s t r a t e s  the f inancial  impact of pollution controls 

on a model r i c e  dryer. 

dryer t o  comply wi th i s t a t e  regulations,  i n  the  absence of new source 

performance standards. Cases 2 through 4 represent the  f inancial  impact 

f o r  a l te rna t ive  control leve ls  analyzed f o r  new source performance 

standards. 

Case 1 represents the requirements fo r  a r i ce  

In comparing Cases 2 - 4 w i t h  Case 1 ,  the percentage of control 

capi ta l  r e l a t ive  t o  to t a l  fixed asse ts  increases from 3.3 percent t o  

6.0 percent f o r  best controls without dryer vacuum-cleaned screen require- 

ments. 

t o  8.7 percent. 

the annualized costs t o  p r o f i t s  before taxes ,  par t icu lar ly  w i t h  the 

understanding t h a t  any new comnercial r i c e  dryers a r e  i n  competition 

w i t h  r i ce  mi l l s ,  as well as w i t h  exis t ing comnercial r i c e  dryers i n  

compliance w i t h  S ta te  regulations.  

The screen f i l t e r  requirement on dryers increases control capi ta l  

What i s  more important i s  revealed in the comparison of 
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Table 6-27. Model Ccmmercial Rice Dryer 

Fixed Assets 
Total Assets 
Sales Revenue 
P ro f i t  before Taxes 
Return on Total Assets (ROI) 

$1,450,000 
$2,100,000 
$ 298,000(1) 
$ 75,400 

3.6% 

Control Capital 

Annual i zed Control 
costs 

Control Capital t 
Fixed Assets 

Annualized Costs + 
Prof i t  before Taxes 

Price Increase t o  
Maintain ROI 

Case 1 
State  

tegul a t i  on 

$48,400 

$ 8,800 

3.3% 

11.7% 

3.5% 

Case 2 
Lecomnended 
Controls 

$79,300 

$16,700 

5.5% 

22.1% 

6.6% 

Case 3 
lest Controls 
(No Drying] 

$86,300 

$17,900 

6.0% 

23.7% 

7.0% 

.Case 4 
est Controls, 
Incl.  Dryersj 

$126,200 

$ 26,600 , 

8.7% 

35.3% 

10.4% 

(l)Annual Throughput, 0.77 MM Bushelslyr. 

Source f o r  f inancial  data: Midwest Research I n s t i t u t e  (updated t o  1976 
dol 1 a rs ) .  
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A c loser  examination o f  the  model i n  Table 6-27 shows t h a t  the  

c o m e r c i a l  r i c e  d ryer  w i t h  recomnended c o n t r o l s  would have t o  increase 

i t s  p r i c e  by 1.2 cents per  bushel (41.34/bu) r e l a t i v e  t o  h i s  com- 

p e t i t i o n  i n  compliance w i t h  State regu la t i ons  (40. l t /bu) .  The new 

comnercial r i c e  d rye r  faces a problem bo th  w i t h  d i r e c t  compet i t ion 

from e x i s t i n g  commercial r i c e  d ryers  and h i s  customers, t h e  r i c e  m i l l e r s ,  

who have the a v a i l a b l e  op t i on  o f  purchasing t h e  g r a i n  d i r e c t l y  from 

r i c e  farmers and per forming t h e i r  own d r y i n g  and storage funct ions.  

p a r t i c u l a r ,  new r i c e  m i l l s ,  which have t o  i n c u r  an incremental cos t  o f  1 

cent  per  bushel ($68,000 - $39,500, a d i f f e r e n c e  between Case 1 and 

Case 2 shown i n  Table 6-26) more than t h e i r  r i c e  m i l l i n g  compet i tors,  

would be more r e l u c t a n t  t o  take t h e  h igher  p r i c e  the  new commercial 

r i c e  d ryer  needs t o  ma in ta in  p r o f i t a b i l i t y .  

I n  

For Case 4, the  f i n a n c i a l  impact f o r  t h e  commercial r i c e  d ryer  

gets  worse. 

be fore  taxes are  35.3 percent  versus on ly  11.7 percent f o r  

t h e  source i n  compliance w i t h  t h e  Sta te  regu la t ion .  

r i c e  d rye r  would f i n d  t h a t  t h i s  cos t  would d e f i n i t e l y  be unaffordable.  

Even the  new r i c e  m i l l  conf ronted w i t h  bes t  c o n t r o l  technology and 

d rye r  screen requirement would f i n d  h i s  d ry ing  costs  approximately 1 

cent  per  bushel l ess  expensive than the comnercial r i c e  d rye r  (0.2 

cent/bushel f o r  d rye r  con t ro l  from Table 6-19 versus 1.13 cents/ 

bushel f o r  d rye r  con t ro l  f rom Table 6-27). 

Annualized c o n t r o l  costs  as  a percentage o f  p r o f i t s  

The comnercial 

I n  view o f  the  data presented i n  Table 6-20 and the  prev ious 

discussion, i t  i s  doubt fu l  t h a t  independent c o m r g i a l  r i c e  dryers w i l l  be * b u i l t  
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w i t h  the adoption of new source performance standards. These dryers 

which would be i n  d i r e c t  competition w i t h  existing dryers and mills would 

f i n d  i t  extremely d i f f i cu l t  t o  maintain h i s to r i c  p ro f i t ab i l i t y .  

On the other hand, farm co-operatives and r i c e  mtllers who would 

consider the r i c e  drying function a s  a service function, not a p ro f i t  

venture, would s t i l l  f ind i t  necessary to  b u i l d  dryers,  The increased 

costs for  handling and drying would be passed back t o  the r i c e  farmer. 

Possible consequences of t h i s  act ion m i g h t  be the encouragement of building 

larger  dryers on the par t  of the co-operatives, more on-farm dryers (non- 

comnercial), and more backward integrat ion of mills in to  drying and 

storage.  



6.3.4 Size Cut-Off Analysis (Elevators) 

The purpose o f  this section i s  t o  develop the economic basis for  

exemption of a category of grain elevator  f a c i l i t i e s  f o r  which the 

recommended controls are inappropriate. In the ra t iona le  sect ion,  

Chapter 8, the exemption f o r  these f a c i l i t i e s  will be defined on 

the basis of s i z e  cut-off defined i n  terms of leg capacity (bushels per 

hour). 

The economic analysis of  controls i n  Section 6.3 was conducted on 

the basis of  annual throughput  as the most meaningful parameter f o r  

measurement of the impact of incremental control costs.  The s i z e  cut-off 

then will be determined in this section i n  terms of annual t h r o u g h p u t .  

T h i s  will  then be t ranslated i n  Chapter 8 in to  a s i z e  cut-off i n  terms 

of 1 eg capacity. 

- 

. 

The arguments underlying a s i z e  cut-off are  two-fold. First, normal 

economics o f  scale  on the capi ta l  cost  of  control systems suggest t h a t  

such costs are higher on a u n i t  basis f o r  smaller f a c i l i t i e s .  In this 

regard, the smallest model i n  the  economic analysis was the 

country elevator  w i t h  an annual throughput of 1 million bushels. 

Second, m i n i m u m  vent i la t ion requirements are  dictated by the physical 

dimensions of the unloading pits ( fo r  standard sized t rucks)  and loading 

f a c i l i t i e s  ( fo r  standard sized rai l road cars ) .  

vent i la t ion requirements f o r  e levators  can be reduced t o  any extent 

below those specif ied for  the 1 million bushel per year country elevator .  

- 

I t  is  doubt fu l  t ha t  the 

In t h i s  analysis then, the to t a l  annualized costs for recomnended 

controls f o r  the 1 million bushel per year country elevator  i s  the 

basis f o r  calculating uni t  costs (&  per bushel) f o r  various elevator  
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s izes  l ess  than 1 m i l l i o n  bushels p e r  year  throughput. The o n l y  element i n  

these annual ized costs  t h a t  may vary w i t h  throughput i s  energy consumption, 

which c o n s t i t u t e s  a very minor f r a c t i o n  o f  t h e  costs. Other costs  -- 
c a p i t a l  charges, taxes, insurance, maintenance and l a b o r  -- are  assumed t o  

be constant. The curve f o r  these costs  i s  shown i n  F igure 6-1. 

The approach taken f o r  a s i z e  c u t - o f f  exemption i s  the  use o f  a 

convent ional  breakeven analys is .  Th i s  technique i s  used t o  circumvent 

those sub jec t i ve  judgments t h a t  would en te r  i n t o  a ra te -o f - re tu rn  (ROI) 

type o f  analys is .  

v a r i a t i o n  i n  pre-cont ro l  p r o f i t  margins f o r  small e leva tors ,  (2)  the  

ex ten t  t o  which t h e  costs  o f  S ta te  regu la t i ons  have been passed on, o r  

absorbed by, e x i s t i n g  country e levators ,  and (3)  t h e  minimum ROI accepted 

by i n d i v i d u a l  e l e v a t o r  operators - are  a l l  unknown. Therefore,  t h e  

pre-cont ro l  p r o f i t  margin (2.1 Q p e r  bushel)  i n  the  ADL ana lys is  was 

a r b i t r a r i l y  chosen as t h e  breakeven p o i n t  f o r  a shutdown dec is ion  f o r  

country  e leva tors .  

The judgments would have t o  be made because - (1) the  

Refer r ing  t o  F igure 6-1, a h o r i z o n t a l  l i n e  represent ing  the  2.1 
- .  

cent  pre-contro l  p r o f i t  i s  drawn t o  i n t e r s e c t  the  aforementioned con t ro l  

cos t  curve. 

ana lys is  occurs a t  720,000 bushels p e r  year .  

purpose o f  regu la to ry  dec is ion,  t h e  va lue o f  700,000 bushels per  year  

throughput should be used. 

The i n t e r s e c t i o n  po in t ,  o r  t h e  breakeven po in t ,  f o r  t h i s  

As an approximation f o r  the  
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7. ENVIRONMENTAL EFFECTS 

The purpose of this chapter i s  t o  ident i fy ,  quantify and 

evaluate the postt ive and negative environmental impacts of the 

a l te rna t ive  control systems presented i n  Chapter 4 fo r  grain 

elevators.  

System 1 represents control t o  levels  of typical s t a t e  standards 

(no screen [ f l l t e r ]  on column dryers, 20-30 mesh screen on rack dryen 

and 90% e f f i c i en t  cyclone control) .  

levels  achieved w i t h  99.9% e f f i c i e n t  f ab r i c  f i l t e r  control,  no screen 

( f i l t e r )  on column dryers and 50 or f ine r  mesh vacuum-cleaned Screen 

on rack dryers. System 3 represents control levels  achieved w i t h  99.9% 

Three a l te rna t ive  control systems have been evaluated. 

System 2 represents control 

e f f i c i e n t  fabr ic  f i l t e r  control,  vacuum-cleaned screens ( f i l t e r s )  on 

column and rack dryers and to ta l  enclosure of the operations. These 

control systems are  described i n  detail i n  Chapter 4. 

t o t a l  solid waste handling and disposal ,  nofse and radlat ton,  and energy 

requirements fo r  the a l te rna t ive  systems are  discussed. 
primary and secondary impacts are  considered. 

those d i r ec t ly  a t t r ibu tab le  to  each a l t e rna t ive  control system. 

Secondary impacts a re  ind i rec t  o r  induced impacts which a r i s e  from 

the application o f  these systems. In general ,  by using one of the 

a l te rna t ive  control systems f o r  the affected f a c i l i t i e s  a t  grain 

elevators ,  there will be beneficial primary impacts on ambient a i r  

qual i ty  and adverse impacts on s o l i d  waste handling and 

disposal and energy demand. 

are  anticipated because dry type co l lec tors  are used i n  both a l te rna t ive  

control systems. 

The impacts on 

Both 
Primary impacts are 

. ..... . .-. ~ .. . . .. .. . . 
~ .. . 

No impacts on water treatment or  supply 

Impacts due t o  an increase in  noise as a r e su l t  
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of the use of one of the a l te rna t ive  control systems are possible, 

b u t  have not been quantified. 

will be negligible when compared t o  existing levels.  

radiation impacts are anticipated a s  a r e su l t  of  the proposed standards. 

The Agency assumes tha t  any increases 

No adverse 

A summary of the anticipated secondary environmental impacts 

associated with the a l te rna t ive  control systems i s  presented i n  

Table L 1 .  Impacts on a i r  qua l i ty ,  water supply and treatment, 

sol id  waste disposal and energy consumption are ident i f ied.  

impacts will  be discussed i n  more d e t a i l  l a t e r  in  th i s  chapter. 

7.1 AIR POLLUTION IMPACTS 

7.1.1 Primary Impacts 

These 

The primary impacts tha t  can be a t t r ibu ted  t o  the use of the 

a l te rna t ive  control systems can be measured by the reduction i n  

to ta l  mass emissions of par t icu la te  matter and by the reduction 

in  the maximum predicted ambient a i r  concentration due t o  these 

emissions. Grain elevators controlled t o  the levels 

specified by typical s t a t e  standards were used as the baseline 

t o  which the impacts due t o  the proposed standards were compared. 

These emission values are  summarized i n  Chapter 4 as Control 

System No. 1. 

controlled w i t h  the a l te rna t ive  control systems. 

7.1.1.1 Mass Emissions 

Emission rates  were then determined f o r  f a c i l i t i e s  

The par t icu la te  matter mass emission levels were calculated i n  

terms of pounds of par t iculate  matter emitted per year for  various 

model plants. The to ta l  annual par t icu la te  matter emissions fo r  the 
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model plants resul t ing from the application of the a l te rna t ive  control 

systems previously discussed i n  t h i s  chapter and i n  Chapter 4 ,  Emission 

Control Technology, are  presented i n  Table 7-2. 

Five types of elevators were used t o  represent grain 

elevators i n  calculat ing mass emissions and reductions and ambient 

concentrations because the grouped model plants a r e  s imi la r  i n  

emission charac te r i s t ics .  Country elevators  and commercial r i ce  

dryers represent model elevators 1 and 2; the  h i g h  through-put - 

terminal e levator  represents model e levators  3 and 4; the inland termi- 

nal e levator  represents model 5 elevators:  and oort terminal elevators 

represent model 6 elevators.  Only one type o f  elevator was used t o  

represent a l l  o f  the  grain processors (except r i c e  dryers) because 

these plants  have s imi la r  operations and emissfon charac te r i s t ics .  

The model elevators, a r e  described i n  de ta i l  i n  Chapter 6. 

_ ~ .  . 

By combining the potential  reductions .for each f a c i l i t y ,  the 

to t a l  reductions a t t r ibu tab le  to  the a l te rna t ive  control system 

and type of grain elevator  can be determined. 

reduction of the various a l te rna t ive  control systems a t  model plants 

was compared t o  Alternative Control System 1 .  

in  t o t a l  mass emissions achievable a re  sumnarized in  Table 7-3. 

Table 7-3 shows t h a t  the emission reduction of Alternative Control 

System 2 compared to  System 1 ranges from 67 t o  94% fo r  the types o f  

elevators,.:arid Control System 3 compared t o  Control System 1 r e su l t s  

i n  an emission reduction rang ing  from 86 t o  96% for  the types of elevators.  

The incremental emission 

The incremental reductions 
. .  

.- 

. . . . . . . -. . . . . 
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. 

T a b l e  7-3. ESTIMATED INCREMENTAL ANNUAL PARTICULATE M A l l E R  EMISSION REDUCTION 
FOR MODEL PLANTS W I T H  ALTERNATIVE CONTROL SYSTEMS 

COMPARED TO EMISSIONS UNDER TYPICAL STATE REGULATIONS 
SYSTEM 1 ( lb/yr) 

COUNTRY ELEVATOR 
(1 million bu/ 

ALTERNATIVE CONTROL SYSTEMS 

(% EMISSION REDUCTION) 
SYSTEM 2 

( %  EMISSION REDUCTION) 
SYSTEM 3 

20,900 23,500 
(84) (94) 

28,400 I (77) 
HIGH THROUGH-PUT 

ELEVATOR 
(3.5 million bu/ 

(MODELS 3 & 4) 
yr)  

Y r )  
(MODELS 1 & 2 & 

RICE DRYERS) 

33,600 
(91 1 

STORAGE ELEVATOR, 
PROCESSOR 

(3  million bu/ 
yr)  

EXCLUDING RICE 
DRYERS 

INLAND TERMINAL 

C15 million bu/ 
ELEVATOR 

39,680 52,480 
(67) (86) 

yr)  
(MODEL 5) I 
PORT TERMINAL 

(40 million bu/ 
ELEVATOR 

Y r )  
(MODEL 6) 

236,500 
(94) 
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Taking into account the average number of new, modified. and 

reconstructed plants t ha t  are expected t o  be bu i l t  o r  modified each year, 

the industry-wide reduction i n  par t icu la te  emissions can be calculated. 

The accumulated industry-wide par t icu la te  emissions reduction f o r  

various a l te rna t ive  control systems through 1980 are  presented in  

Table 7-8. 

7.1.1.2 Ambient Concentrations 

For the purpose of evaluating the a i r  pollution impacts 

associated w i t h  a1 ternat ive control systems, s tudies  were performed 

on model grain elevators. The,,models chosen were of average 

design and layout and include, in various combinations, the eiqht 

affected f a c i l i t i e s  control led by the proposed standards. 

ical  modeling was performed fo r  f ive  types of grain elevators;  these 

types of elevators are described in Section 7.1.1 . l .  

Meteorolog- 

Maximum ground-level concentrations of par t iculate  matter were 

determined fo r  the emission rates  corresponding t o  each control 

system and type of grain elevator. 2 

The dispersion estimates were made through application o f  &he 

sinqle source (CRSTER) model. The model generates estimated 1 hr, 

24 hr and annual ground-level concentrations. 

data used i n  the analysis were chosen t o  represent the climatology 

a t  qrain elevator f a c i l i t i e s  located where eff luent  dispersion 

would be relat ively poor. 

For a l l  types of grain elevators except port  terminals, the meteorological 

data were from National Weather Service Stations i n  the heart  of the 

The meteorological 

All meteorological data were from 1964. 
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grain be l t .  For the port f a c i l i t i e s  surface meteorological data 

from the Great Lakes, Gulf and Pacific Coast locations were 

considered and data from Houston, Texas, and Portland, .Oregon 

were selected.  

f o r  24-hour and annual averages a t  distances o f 0 . 3  km, 2 km 

and 20 km from the center o f  the e levator .  The model assumes tha t  

a l l  emissions a re  emitted over a horizontal area of approximately 

100 x 250 meters. 

Par t iculate  matter concentrations were calculated 

A detai led description of the meteorological methodology 

---I *h- -+-.-Ir hninh+r 3 n A  amirrinn r z t a c  iinnn whirh thncn , - a l , - ~ ~ l a t i n n c  
U,," * , IC-  .,bCUCR , ,C,y, , -> Ull" ~ I I I l > > . " I .  I.."_.. "yY"  ......... "..--.. --.-".-".-..- 
a r e  based i s  presented in Appendix D. 

Xhe r e su l t s  of  the study tha t  was performed t o  evaluate maximum 

ground-level concentrationsldue t o  emissions from grain elevators 

a re  presented in Table 7-4. 

condition, the par t icu la te  concentration decreased predictably with 

decreases i n  emission ra tes  and with distances away from the center 

o f  the elevator .  

l a t e  concentrations a t  elevators which use no control device f a r  

exceed the primary ambient a i r  qua l i ty  standards, especially a t  the 

shor tes t  downwind distance fo r  which concentrations were estimated 

(0.3 km, measured from the center of the f a c i l i t y ) .  

ra tes  in combination w i t h  aerodynamic downwash of the e f f luents  

a r e  responsible fo r  the h i g h  ground-level concentrations. 

With each type of plant and meteorological 

I t  i s  evident from Table 7L4 t ha t  ambient particu- 

Large emission 

- . . ~. ~ 

Control - to  the- leve l  of Alternative Control system 1 (typical 

s t a t e  Standard) reduces the emissions s ign i f icant ly ;  however, the 

maximum 24-hour primary standard of 260 ug/m3 i s  exceeded a t  a distance 
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of 0.3  km f r o m  the center o f  the f a c l l l t y  f o r  the inland t emlna l  e levator ,  

port terminal e levator  and storage elevator  a t  processors. Control t o  

the level of Alternative Control System 2 (proposed NSPS) does no t  cause 

the primary or  secondary ambient a i r  qual i ty  standard f o r  par t icu la te  

matter t o  be exceeded a t  any distance.  Control t o  the level of Alternative 

Control System 3 (bes t  control technology not considering cost)  will  

reduce the maximum ambient par t icu la te  concentrations below t h a t  

resul t ing from the use of System 2. The individual control techniques 

tha t  comprise the a l te rna t ive  control systems are  described i n  Chapter 4. 

Compared t o  the maximum ambient par t icu la te  matter concentration 

t h a t  r e su l t s  from control t o  typical s t a t e  standard leve ls ,  Alternative 

System 2 r e s u l t s  i n  a reduction of the 0.3 km distance 24-hour 

average by 52 bo 76 percent for  the various model plants and 

Control System 3 level resu l t s  i n  a reduction ranqing from 78 

t o  88 percent. 

a h i e n t . a i r  concentrations s ign i f icant ly .  

7.1.2 Secondary Air Impacts 

Control Systems 2 and 3 both reduce the maximum 

Secondary impacts on a i r  qua l i ty  will a r i s e  as a r e s u l t  o f  

the e l ec t r i ca l  requirements o f  cer ta in  control techniques t h a t  

are  used t o  control grain elevator emissions. Additional emissions 
of pa r t i cu la t e  matter, NOx and SO2 from the coal-fired power plant 

supplying the e l ec t r i ca l  energy can be anticipated.  

Performance standards for  coal - f i r ed  power p lan ts ,  promulgated 

in the Federal Register on December 23, 1971 (36 FR 24876). the 

additional emissions can be estimated a t  0.1 l b  of par t icu la te  matter, 

Based on the new source 
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0.7 l b  of NOx and 1.2 l b  of SO2 per lo6 B t u  produced. 

of additional pollutant emissions therefore a re  small when compared 

w i t h  the  large reductions i n  par t icu la te  matter emissions achieved 

by implementation of the proposed control systems. 

7.2 WATER POLLUTION IMPACT 

The amount 

- 

No l iquid wastes will require treatment or  disposal as a 

r e su l t  of the implementation of any of the a l te rna t ive  control 

systems because a l l  a l te rna t ives  involve only dry type par t icu la te  

matter col l ec t i  on devices. 

7.3 SOLID WASTE IMPACT 

The additional par t icu la te  matter collected as a r e s u l t  

of the implementation of the proposed standard i s  expected t o  

create  minimal adverse so l id  waste impacts. 

t ha t  currently 68 percent of the par t icu la te  matter collected by 

emission control devices a t  e levators  is returned to  the grain, 

30 percent i s  sold f o r  use i n  feed manufacturing, and 2 percent 

is disposed of a s  so l id  waste. 

collected by a m r e  e f f i c i en t  control device would e i the r  he 

sold f o r  feed o!- l andf i l led .  

I t  i s  estimated 

. ,  
The additional par t icu la te  matter 

Elevator operators prefer t o  return the  par t icu la te  matter 

t o  t!ie grain t o  minimize the diuference between the amunt of grain 

purchased and sold (shrink).  However, there  i s  an economic l imitat ion 

t o  tile amunt  of par t icu la te  matter t h a t  can be recycled, s ince i t  

degrades the qua l i ty  o f  the grain. 
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There i s  qood p o t e n t i a l  f o r  the  increased use o f  p a r t i c u l a t e  

mat ter  from g r a i n  i n  feed product ion,  according t o  the Uni ted States 

Oepartmcnt o f  A g r i c u l t u r e  and feed manufacturers. 

must conta in  about 7 percent roughage which can be supp l ied  by hay, 

straw, grasses, corn cobs o r  p a r t i c u l a t e  mat te r  from gra in .  An 

added advantaqe o f  us inq  t h i s  p a r t i c u l a t e  mat te r  i s  t h a t  i t  may 

conta in  as much as 18 percent p ro te in .  

e levator ,  however, i s  dependent upon i t s  l o c a t i o n  r e l a t i v e  t o  

feed manufacturers and o the r  sources o f  roughaqe. 

costs  are hiah; therefore,  it i s  n o t  D r o f i t a b l e  t o  t ranspor t  the 

p a r t i c u l a t e  ma t te r  very f a r .  

a lso  f l u c t u a t e s  w i t h  g r a i n  p r i ces .  

C a t t l e  feeds 

The market fer any one 

Transpor ta t ion  

The va lue  o f  the  p a r t i c u l a t e  ma t te r  

Approximately 2 percent o f  t h e  c o l l e c t e d  p a r t i c u l a t e  mat te r  

i s  expected t o  be disposed o f  a t  san i ta ry  l a n d f i l l s . *  Th is  amounts 

t o  about .E3 pound per  t o n  o f  g ra in .  

o f  p a r t i c u l a t e  mat te r  t h a t  must be disposed o f  a t  e levators  

c o n t r o l l e d  t o  meet S ta te  regu la t ions ,  there  i s  a small adverse 

s o l i d  waste impact w i t h  Systems 2 and 3 .  Compared t o  an uncont ro l led  

e leva tor ,  however, there  i s  a bene f i c ia l  impact. Th is  occurs because 

some o f  the  l a r o e  p a r t i c l e s  emi t ted  from t h e  operat ions a t  a completely 

uncont ro l led  e leva to r  w i l l  s e t t l e  i n s i d e  the  b u i l d i n g  and on the proper ty .  

This p a r t i c u l a t e  matter,  which amounts t o  about 10 percent o f  the 

uncont ro l led  p a r t i c u l a t e  emissions o r  about 0.7 pound per ton  o f  g ra in ,  

must then be cleaned up and disposed of .  Table 7-5 shows the  weight and 

volume of p a r t i c u l a t e  mat ter  t h a t  must be disposed o f  by a t y p i c a l  

When compared t o  the  amount 
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s i ze  elevator.  

20 pounds per cubic foot.3 Compared to the amount of waste disposed 

of a t  a l andf i l l  fo r  an elevator controlled to  levels  of Alternative 

Control System 1 ,  the  additional s o l i d  waste tha t  must be disposed 

of by control t o  leve ls  of Systems 2 and 3 ranges from 3 to  10 percent 

depending on the model plant. 

by Systems 2 and 3 are  approximately the same. 

7.4 NOISE AND RADIATION IMPACT 

The par t icu la te  matter has a b u l k  density of about 

The amount of so l id  waste generated 

-- 

The control devices and exhaust fans a t  grain elevators are  

usually located outside of buildings a t  e i the r  roof or  ground level 

Although fans are  noisy, they a r e  already required fo r  col lect ion 

systems now used t o  meet ex is t ing  s t a t e  regulations.  

any Federal standard will not introduce new noise problems but 

may. increase the ex is t ing  noise ' l eve ls  i f  larger  equipment i s  

required. 

Therefore, 

This is considered t o  be negligible. 

There are  no known o r  anticipated radiation impacts a t  grain 

elevators.  

7.5 ENERGY IMPACTS 

Energy requirements for systems t o  control a i r  pollution a t  qrain 

elevators a re  proportional t o  the volume of a i r  t h a t  must be moved, 

the pressure drop of the systems, and the "on-stream time'' o r  

amount of time each system operates.  

Table 7-6 presents an estimate of the energy required to  operate 

model e levators  of a typical s i z e  and the energy required t o  operate 

a l t e rna t ive  control systems a t  these elevators.  The energy required 

t o  operate a h i g h  efficiency cyclone co l lec tor  i s  estimated t o  be 

80% of the energy required t o  operate a f ab r i c  f i l t e r  control 
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3 device because of a lower pressure d r o p  t h r o u g h  the cyclone co l lec tor .  

As can be seen from Table 7-6, the controls  required by the typical 

s t a t e  standard require an energy consumption ranging from 12.5 percent 

t o  22.5 percent of the process energy required w i t h o u t  a i r  pollution 

controls.  

increases the power requirements by a maximum of 5.5% over s t a t e  

The more stringent control required by Systems 2 and 3 

requirements. 

Table 7-7 presents the t o t a l  and incremental energy requirements 

f o r  model plants with a l t e rna t ive  controls .  

and reconstructed plants t h a t  are  estimated t o  be b u i l t  and modified by 

1981 are  a l so  presented i n  t h e  table .  

As can be expected, fewer new, modified, or reconstructed plants 

The number of new, modified, 

. -  

. .  

are  expected t o  be b u i l t  w i t h  the imposition of more s t r ingent  

control systems. For example, a t o t a l  of 529 -. f a c i l i t i e s  . .. . a r e  expected 

t o  be b u i l t  or modified w i t h  Alternative Control System 1 ,  501 with 

System 2 ,  and 470 w l t h  System 3 .  

consumptlon, I t  was assumed t h a t  these new, modified, and reconstructed 

f a c i l i t i e s  would be b u i l t  o r  modified uniformly d u r i n g  the five-year period. 

The energy values I n  Table 7-7 represent the estimated energy t h a t  would 

have t o  be delfvered t o  a power plant t o  generate the appropriate 

e l ec t r l ca l  requirement t o  operate the control systems. The incremental 

energy requirement over t y i i ca l  s t a t e  standard requirements by 1981 i s  

estimated t o  be approximately 17,000 bbl of No. 6 fuel o i l  f o r  System 2 ,  

and about 19,000 bbl  of No. 6 fuel o i l  f o r  System 3 .  The la rger  energy 

requirement fo r  System 2 over System 1 results from the use o f  

fabr ic  f i l t e r s  compared t o  cyclones. 

of System 3 over System 2 i s  due t o  control of grain dryers which 

To make yearly estimates of energy 

_. .. 

The la rger  energy requirement 
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resul ts  in s l i gh t ly  higher energy consumption. 

7 .6 OTHER ENVIRONMENTAL CONCERNS 

7.6.1 I r reversible  and Irretr ievable  Commitment of Resources 

The standards of performance will require the ins ta l la t ion  

o f  additional equipment over t ha t  now required by Sta te  standards. 

This will require the additional use of some resources such as 

s teel  and building materials. T h i s  commitment o f  resources i s  

small compared t o  the national usage of each resource. 

of these resources will ultimately be salvaged and recycled. There 

are n o t  expected t o  be s ignif icant  amounts of land resources 

required t o  in s t a l l  control equipment. Typical State  standards 

already require some type o f  control equipment and most of these 

are located on buildings and, if  not,  require a re la t ive ly  small 

amount of space. 

for s i t i n g  additional control devfces I s  expected to  be minor. 

Some portion 

Therefore, the comnitment o f  land resources 

The proposed standards o f  performance will require the increased 

usage of energy, which i s  a scarce resource, t o  operate emission 

control devices. This energy will not be retr ievable  b u t  will 

resu l t  in the control of s ignif icant  quant i t ies  of par t iculate  matter. 

7.6.2 Environmental Impact of Delayed Standards 

The environmental impact of de lay ing  the standard on grain 

elevators will have major adverse environmental e f fec ts  on emissions 

of par t lculate  matter t o  the atmosphere and minor beneficial impacts 

on sol id  waste disposal and energy usage. 

tha t  i s  being developed f o r  the sources tha t  are proposed to  be 

regulated which would d ras t i ca l ly  reduce emissions from the levels 

There i s  no new technology 
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3 

of best  technology considering costs t h a t  a re  currently available.  

I f  the standard were delayed fo r  one year,  i t  would result i n  

emissions o f  3 t o  3.5 million pounds of par t icu la te  matter t h a t  

would have been collected by Alternative Control Systems 2 or 3 ,  

respectively. Therefore, there appears t o  be no valid reasons t o  delay 

proposal of the grain elevator standard. 

7.6.3 Environmental Impact of No Standard 

Based on the potential  emissions of par t iculate  matter and 

on the growth projections presented i n  Chapter 8, the adverse 

environmental imoact of no standard i s  sumnarized i n  Table 7-8. 

This tab le  shows tha t  46 t o  53 million pounds of par t iculate  matter 

would be emitted i n  a five-year period i f  no standard were proposed. 

Since there  are only minor adverse so l id  waste impacts, and only 

minor energy consumption impacts associated with each of the al ternat ive 

emission control systems which could serve as a basis f o r  the standards, 

not s e t t i ng  standards presents l i t t l e  trade-off o f  potent ia l ly  

adverse impacts i n  these areas against  the result ing adverse impact 

on a i r  qual i ty. 

_. 
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8. RATIONALE FOR THE PROPOSED STANDARDS 

8.1 SELECTION OF SOUhCE FOk CONTROL 

Grain e leva tors  con t r i bu te  s i g n i f i c a n t l y  t o  na t i ona l  emissions 

o f  p a r t i c u l a t e  mat ter .  I t  i s  est imated t h a t  t h e  g r a i n  e leva to r  

i ndus t r y  emits 606,000 tons o f  p a r t i c u l a t e  mat te r  each year, 

Approximately 7900 g r a i n  e leva tors  a re  loca ted  

nationwide. 

6800 country  e leva tors ,  500 terminal  e leva to rs  and 600 storaqe 

e leva tors  a t  q r a i n  processing p lan ts  

A1 thouqh g r a i n  e leva tors  a re  loca ted  throuqhout the  Uni ted States, 

the  major concentrat ion i s  i n  the gra in-producing s ta tes  i n  t h e  

Mid-Plains, South P la ins  and Great Lakes reg ions.  

87 percent  o f  the country  e leva to rs  a re  l oca ted  i n  areas w i t h  l ess  

than 100,000 inhab i tan ts .  

p r i n c i p a l  grain-market ing centers,  most o f  which are i n  met ropo l i tan  

areas. 

b u i l t  i n  more r u r a l  areas. Gra in processinq f a c i l i t i e s  f o r  

O f  t h i s  amount i t  i s  est imated t h a t  there are  about 

(see Table 2-2).  

Approximately 

Terminal e leva to rs  are loca ted  i n  t h e  

There i s  a t rend,  however, f o r  te rmina l  e leva tors  t o  be 

wheat, corn, and r i c e  m i l l s ;  soybean processing p lan ts ;  and wet 

corn m i l l s  are loca ted  i n  both r u r a l  and urban areas. - .. ... -~ . _ _ ~  
Growth i n  the g r a i n  e l e v a t o r  and g r a i n  processing i n d u s t r i e s  r-. . - .  

i s  expected t o  be slow s ince the  per  c a p i t a  consumption o f  g r a i n  

products i s  remaining constant o r  decreasing. The t o t a l  number 

o f  g r a i n  e leva tors  i s  expected t o  decrease; however, the  t o t a l  

through-put of g r a i n  is expected t o  increase s l i g h t l y .  The t r e n d  

is to , la rger  through-put e leva tors ,  w i t h  low storage capac i ty  and 

h igh handl ing capaci ty .  

processors have s i g n i f i c a n t  i n c e n t i v e  t o  i n v e s t  i n  new storage capaci ty .  

.- . .  .. 

O f  the processing p lan ts ,  o n l y  soybean 
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Soybean produc t ion  i n  t h e  Un i ted  States has increased over 20 f o l d ,  

f rom 70,000 t o  1.567 m i l l i o n  bushels, i n  l e s s  than 35 years. 

are an i nc reas ing l y  impor tant  source of p r o t e i n  f o r  human and animal 

consumption; and soybean o i l  i s  used i n  foods, cosmetics, pa in ts  

and P l a s t i c s .  

- 

Soybeans 

I n  t h e  f ive-year p e r i o d  between 1976 and 1981, 

approximately 531) g r a i n  e leva tors  a r e  expected t o  be b u i l t ,  modi f ied 

o r  reconst ructed.  

w i l l  be slow, t h e  number o f  new, modified, o r  reconst ructed f a c i l i t i e s  

w i l l  averaqe anproximately lOO/year, which i s  considered t o  be 

s i g n i f i c a n t .  

Even though t h e  t o t a l  qrowth i n  the  i ndus t r y  

I n  a study Derformed by  The Research Corporat ion o f  New England 

(October 24, 1975), s i g n i f i c a n t  sources o f  p a r t i c u l a t e  mat te r  were 

i d e n t i f i e d  and ranked i n  order o f  t o t a l  emissions. 

hand i ing  operat ions were shown t o  be s i g n i f i c a n t  sources o f  p a r t i c u -  

l a t e ;  process ing was ranked f i f t h ,  t rans fe r  was ranked seventh, c lean ing  

and screeninq was ranked tenth,  and d ry ing  was ranked number t h i r d y -  

three. Also,  t h e  Comnlttee on Pub l i c  Works of the  U. S. Senate l i s t e d  

g r a i n  e leva tors  as a source f o r  which standards should be developed. 

Four g r a i n  

P a r t i c u l a t e  mat te r  concentrat ions due t o  emissions o f  p a r t i c u l a t e  

ma t te r  f rom poor l y  c o n t r o l l e d  g r a i n  e leva to rs  have been measured w i t h  

a h igh  volume sampler and found t o  be n e a r l y  240 u g h 3  i n  the 

imnediate v i c i n i t y  o f  g ra in  handl ing p lan ts .  

f u r t h e r  i n  Chapters 2 and 7. 

been documented a t  ambient concentrat ions o f  p a r t i c u l a t e  mat te r  

g rea te r  than 100 ~q/m3.  

This i s  discussed 

Hea l th - re la ted  e f f e c t s  on humans have 

Under s e c t i o n  109 o f  the  Clean A i r  Act, 
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p a r t i c u l a t e  mat te r  has been designated as a c r i t e r i a  p o l l u t a n t ,  and 

Nat ional  Ambient A i r  Q u a l i t y  Standards have been s e t  f o r  p a r t i c u l a t e  

matter. 

EPA has determined t h a t  p a r t i c u l a t e  emissions from q r a i n  e leva to rs  

con t r i bu te  s i g n i f i c a n t l y  t o  a i r  p o l l u t i o n  which causes o r  cont r ibu tes  

t o  the  endanqerment o f  the p u b l i c  hea l th .  For t h i s  reason, t h e  source 

cateqory o f  q r a i n  e leva tors  has been se lec ted  f o r  emission con t ro l .  

8.2 SELECTION OF POLLUTANTS AND AFFECTED FACILITIES 

Large q u a n t i t i e s  o f  p a r t i c u l a t e  mat ter ,  which r e s u l t  from 

handl ing gra in ,  a re  emi t ted  from g r a i n  e leva to rs .  

mat ter  cons is ts  o f  d i r t  from t h e  f i e l d ,  p ieces o f  g r a i n  kernels ,  

spores o f  smuts and molds, i n s e c t  debr is ,  f unq i  and po l l ens .  

on ly  combustion process a t  a g r a i n  e l e v a t o r  i s  the  g r a i n  d ryer  

and a very small amount o f  NO, and SO2 may be emi t ted  from t h i s  

process. These p o l l u t a n t s  are no t  considered t o  be s i q n i f i c a n t  

i n  the amounts emi t ted  from a g r a i n  d ryer .  

i s  t h e  on ly  s i q n i f i c a n t  p o l l u t a n t  a t  a g r a i n  e leva to r  and i s  the  

p o l l u t a n t  t h a t  i s  proposed t o  be requlated.  

This p a r t i c u l a t e  

The 

P a r t i c u l a t e  mat te r  

F a n  e levators ,  country  e levators ,  te rmlna l  e leva tors  and 

comnercial r i c e  dryers which handle wheat, corn, soybeans, mi lo ,  

r i c e ,  rye,  oats, lor  ba r ley  and s torage e leva to rs  a t  wheat f l o u r  

m i l l s ,  wet corn m i l l s ,  d ry  corn m i l l s  (human consumption), r i c e  

m i l l s ,  and soybean o i l  e x t r a c t i o n  p l a n t s  were determined t o  be the 

most s i g n i f i c a n t  sources o f  p a r t i c u l a t e  ma t te r  emissions i n  the  

g ra in  hand1 i n g  indus t ry .  

are proposed t o  be regulated.  

P a r t i c u l a t e  emissions from these sources 
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The grain handling and storage f a c i l i t i e s  a t  the specified 

grain processing industries were chosen because these industries 

h a n d l e  a large portion of the grains t h a t  are processed and are 

considered t o  be s ignif icant  sources of par t iculate  matter. 

Animal, pet food and cereal manufacturers; breweries; and 

feed l o t s  a lso process whole grain. 

the scope of the background industry studies. Consequently, no 

data are available on these sources and  they a re  n o t  subject t o  

the proposed standards. 

plants i n  these peripheral industries. 

These industries were beyond 

In addition, there a re  re la t ively few 

The proposed standards would apply t o  affected f a c i l i t i e s  

t h a t  handle wheat, corn, soybeans, milo, r i c e ,  rye, oats ,  or  

barley. These grains were selected t o  be subject t o  the standards 

because they a re  the primary grains produced i n  the United States. 

There a re  several other grains (e .g . ,  mi l l e t ) ,  b u t  these crops 

are grown and handled in small quant i t ies .  

handling of these grains i s  not considered a s ignif icant  source 

of par t iculate  matter a t  t h i s  time. 

Therefore, the 

Grain elevators are used t o  handle wheat, corn, soybeans, 

milo, r i c e ,  rye, oa ts ,  and barley. 

w i t h  the type and mixture of grain handled. 

t h a t  uncontrolled emissions are lowest when wheat i s  handled. 

Par t iculate  emissions a r e  three times higher when handling 

soybeans and two times higher when handling milo, a s  compared 

t o  handlinq wheat. 

those from wheat. 

Uncontrolled emissions vary 

I t  has been shown 

Emissions from corn a re  about equal t o  

The processes controlled w i t h  fabr ic  f i l t e r s  
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t h a t  were tes ted  dur ing  t h i s  study handled corn, wheat, SOY- 

beans,-and mi lo .  -The t e s t  r e s u l t s  do n o t  i n d i c a t e  t h a t - t h e - - -  

t ype  o f  g ra in  a f fec ted  emissions from t h e  f a b r i c  f i l t e r s .  I n  

E P A ' s  judgment, t h e  same emission l e v e l s  can be maintained when 

handl ing r i c e ,  rye,  oats  o r  ba r ley  when t h e  bes t  systems o f  emission 

reduc t ion  (consider ing cos ts )  a r e  used. 

The minimum s i z e  o f  farm e levators ,  country e levators ,  terminal  

e leva tors  and commercial r i c e  dryers t o  which the proposed standards 

apply Was based on economics. The f i xed  cos ts  ( c a p i t a l  charges) 

f o r  c o n t r o l  equipment needed t o  comply w i t h  the  proposed standards 

do n o t  change f o r  any country  e leva to r  below a through-put o f  

one m i l l i o n  bushels lyear .  

areas where there  i s  compet i t ion w i t h  o the r  e leva tors ,  there  

i s  a l i m i t  t o  the cos t  t h a t  can be passed back t o  the  farmers. 

The cos t  cannot be passed forward t o  t h e  l a r g e r  te rmina l  e leva tors .  

Therefore, there i s  a l s o  a l i m i t  t o  the  amount t h a t  can be e i t h e r  

absorbed by the opera tor  o r  passed back t o  the  farmer. 

amount estimated t h a t  could be absorbed by a country e l e v a t o r  was 

9.021 per  bushel. Since t h e  c o n t r o l  cos ts  a r e  e s s e n t i a l l y  f i x e d  

f o r  e leva tors  smal le r  than 1 m i l l i o n  bu/yr,  t h e  c o n t r o l  cost  per  

bushel var ies i nve rse l y  w i t h  t h e  amount o f  g ra in  handled. 

Since most count ry  e levators  are i n  

The maximum 

An economic ana lys is  showed t h a t  t h e  minimum s i z e  country 

e leva to r  t h a t  could a f f o r d  t o  i n s t a l l  c o n t r o l  equipment t o  meet 

the proposed standards was one t h a t  handled an annual through-put 

of 700,000 bu/yr. A l l  terminal  e leva to rs  w i l l  be above t h i s  

minimum through-put l e v e l ,  and most o f  t h e  farm e leva to rs  w i l l  be 
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below t h i s  l e v e l .  

e leva to rs  w i l l  be l a rge ,  i t  was decided t h a t  those l a r g e  f a r m  

Since there was a p o s s i b 5 l i t y  t h a t  sane f a r m  

e leva tors  should be con t ro l l ed .  

There a r e  several  problems associated w i t h  us ing t h i s  type 

of c u t - o f f  l e v e l :  

p ro jec ted  through-put o f  new o r  mod i f i ed  e leva tors ,  (21 t h i s  

tFirouqFi-put l e v e l  cou ld  v a r y  f r o m  year to year dependinq on whether 

the  crop was good o r  bad o r  whether there was more than one crop 

harvested per  year  i n  a l o c a t i o n  (e.g. two wheat seasons). 

of determin ing a c u t - o f f  i n  terms o f  annual through-put i s  t h a t  

t h i s  parameter i s  most re levan t  i n  an economic analys is .  

(1) I t  would be d i f f i c u l t  t o  determine t h e  

The advantage 

- .  
Recogniz ing ' t h e  p o t e n t i a l  problem o f  determin ing t h e  a p p l i c a b i l i t y ,  

another a l t e r n a t i v e  c u t - o f f  l e v e l  based on i n s t a l l e d  equipment was 

considered. 

capaci ty  were inves t iga ted .  

o f  more d e f i n i t e l y  determining t h e  a p p l i c a b i l i t y  o f  new, modified, o r  

reconst ructed e levators .  

c l e a r l y  r e l a t e d  t o  the  through-put than was storage capaci ty.  

Several f i r m s  which cons t ruc t  country  e leva tors  were consul ted t o  

determine what l e g  capaci ty  would be i n s t a l l e d  a t  country  e leva tors  

which have a through-put o f  700,000 bu ly r .  

capaci ty  o f  approximately 10,000 bu/hr  would be i n s t a l l e d  a t  such a 

country  e leva to r ;  therefore.  the  standards w l f l  apply  t o  farm, country, 

o r  te rmina l  e leva to rs  t h a t  have a l e g  capac i ty  i n  excess o f  352 m3/h 

(ca. 10,000 bu/hr). 

country e leva to rs  these are a lso  inc luded under the  c u t - o f f  l e v e l  

exemption. 

The storage capaci ty  a t  an e leva to r  and t h e  l e g  
. .  

Both would accomplish the  o b j e c t i v e  

~- 

The l e g  capac i ty  was se lected because i t  was m r e  
, . . .  

A l l  s t a t e d  t h a t  a l e g  

Since commercial r i c e  d ryers  have economics s i m i l a r  t o  

The advantage o f  t h i s  c u t - o f f  l e v e l  i s  t h a t  a p p l i c a b i l i t y  o f  
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the proposed standards t o  a new, modified, or  reconstructed elevator 

could be easi ly  determined. However, due to  variations i n  operation 

hours, a disadvantage would be t h a t  an elevator t h a t  i n s t a l l s  a 

10,000 bu/hr  leg may handle less t h a n  700,000 bu/yr and therefore 

find i t  uneconomical t o  i n s t a l l  control devices t o  meet the levels  

of the proposed s tandards .  

The proposed standards apply t o  a l l  s izes  of processing p l a n t s  

t ha t  are covered by the standards, except commercial r i ce  

dryers, because the. required control costs a re  affordable fo r  these 

plants. 

A t  farm. country, and terminal e levators  and a t  the grain handling 

and storage f a c i l i t i e s  a t  processing. plants ,  the only source of p a r -  

t i cu l a t e  matter emissions i s  from a combination of the following grain 

operations: 

barge and ship u n l o a d i n g ,  g r a i n  handling, grain drying, truck loading, 

railroad hopper car  and boxcar loading, and barge and s h i p  loading. 

All of these sources of par t icu la te  matter emissions could be 

s ignif icant  sources of emissions if  uncontrolled; therefore,  the 

proposed standards regulate par t icu la te  matter emissions from 

each of these sources. 

truck unloading, ra i l road hopper car and boxcar unloading, 

Consideration was given t o  c lassi fying an entire grain 

elevator,  including a l l  i t s  various functions,  as the affected 

f a c i l i t y .  

of a substantial  po r t ion  of an existing grain elevator would make 

the en t i re  elevator subject t o  the proposed standards. Since this 

I f  this were done, however, modification or reconstruction 



i s  n o t  considered reasonable, the operations a t  grain elevators 

were c l a s s i f i ed  in to  eight affected f a c i l i t i e s .  

f a c i l i t i e s  a re :  each truck unloading s t a t ion ,  each rai l road boxcar 

and hopper car  unloading s t a t ion ,  equipment a t  each barge and ship 

unloading s t a t i o n ,  a l l  grain handling operations (which include 

conveyors, headhouse and other such s t ruc tures ,  legs ,  scalpers ,  

c leaners ,  turn heads, t r ippers ,  sca les  and surge b ins ) ,  each grain 

dryer,  each truck loading s t a t i o n ,  each rai l road hopper car  and boxcar 

loading s t a t ion ,  and each barge and s h i p  loading s t a t ion .  

a re  several advantages t o  naming the separate operations as affected 

f a c i l i t i e s .  

a re  often physically separated from other  par ts  of the elevator 

and often have separate capture systems and a i r  pollution control 

devices. Modification or reconstruction o f  one of these f a c i l i t i e s  

wil l  make i t ,  b u t  not the whole e leva tor ,  subject  t o  the proposed 

standards. T h i s  i s  desirable because there can be an increase 

i n  the unloading o r  loading capac i t ies  without affect ing other 

f a c i l i t i e s  a t  the elevator.  

. . .  

The affected 

There 

For example, unloading s t a t ions  and  loading s ta t ions  

Grain handling operations a r e  grouped as one affected 

f a c i l i t y  s ince they have s imilar  operating capaci t ies ;  and comon 

a i r  pollution control devices frequently serve several pieces 

of handling equipment. Modification of one par t  of the grain 

handling system will  usually require modification of other 

par ts  i n  the system; therefore,  the whole system would be subject 

t o  the proposed standards. 
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8.3 SELECTION OF BEST SYSTEM OF EMISSION REDUCTION CONSIDERING COSTS 

The purpose of the proposed standards is  t o  require tha t  

best demonstrated emission control technology, considering cos ts ,  

for par t iculate  matter be ins ta l led  and operated a t  new, modified, 

and reconstructed grain elevators.  

ensure par t icu la te  containment and pickup a t  the location of dust 

generation, as well as proper operation and maintenance of  a i r  

pollution control devices. The individual emissfon source5 to  

be controlled include, as discussed i n  Section 8.2,  a l l  sources 

of fugi t ive emissions generated by process equipment and process 

exhaust gas streams a t  grain elevators which are s ign i f icant  

sources o f  par t icu la te  - matter. 

T h e  proposed standards would 

The development of the proposed standards f o r  these emission 

sources a t  grain elevators re l ied  largely on resu l t s  o f  a previous 

investigation o f  a i r  pollutant emissions and control techniques 

in  the grain and feed industry sponsored by EPA. 

study includes the responses from 509 owners or  oDerators o f  

elevators throughout the country t o  a questionnaire on the a i r  

pollution aspects of t h e i r  operations. The proposed standards 

are  a lso based on data concerning emission control systems 

and methods of process operation received through on-site observations 

of plant operations and control systems, consultation w i t h  industry 

representatives and manufacturers of control systems and devices, 

emission t e s t s  conducted by EPA and operators of g ra in  e levators ,  

and meetings w i t h  industry associations and the National Air Pollutfon 

Control Techniques Advisory Comnittee. 

This e a r l i e r  
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The select ion of the best demonstrated system of emission reduction 
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(considering cos ts )  for new, modified, and reconstructed g r a i n  elevators 

i s  based on evaluating the  incremental impacts (compared t o  S ta te  standards) 

of a l t e rna t ive  control systems on a i r  emissions, energy usage, water 
pol lut ion,  so l id  waste pol lut ion,  noise pollution and pollution control 

costs .  The f i r s t  s t ep  i s  the select ion of the most e f fec t ive  methods 

fo r  reducing a i r  emissions from each affected f a c i l i t y .  These 

methods a re  then compared, considering a l l  environmental impacts 

and cos ts ,  t o  determine the best  demonstrated emission reduction 

0 l h C i I " V )  b"II.1IYSI "'3 \.".,-a, f o r  CaCh zffectec! f.ci!ity. The hect .....&L.-A -....-<A,.&-- r n r + r 

. .- . . . .  demonstrated system t o  control par t icu la te  matter from an en t i r e  

grain elevator  i s  an assimilation of t h e ' b e s t  emission reduction 

methods f o r  each affected f a c i l i t y ,  with consideration given t o  

to t a l  costs  and economic impact f o r  a l l  the affected f a c i l i t i e s .  

The costs  and environmental impacts f o r  an en t i r e  e levator  were 

considered and EPA found them t o  be reasonable as discussed in 

Chapter 6 of t h i s  document. 

8.3.1 Grain Dryers 

. .  - . . .  i _.I_ ........ .- .. - 

. .  . .  

Ttjere a re  two basic types of grain dryers,  rack and column. 

Grain enters  the top of both types,  flows downward through the 

s t ruc ture  and e x i t s  via  conveyors a t  the bottom. 

through the grain evaporates the excess moisture. 

Heated a i r  blown 

Part iculate  matter 

and chaff can becow entrained i n  the a i r  and carr ied from the dryer. 

. . .  . . . . . . . . .  c 
The quantity of par t icu la te  emissions is 1a.rgely dependent on the type . . .  . .  - .. _ .  - - - .L . .  - - 

- ( r a c k o r  co1umn)of dryer. Uncontrolled column dryers have much 

lower emissions than uncontrolled rack dryers by v i r tue  of 

their design. In a column dryer the grain flows i n  a continuous 
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packed column between two perforated metal sheets, and most o f  

the par t icu la te  matter is trapped w i t h i n  the  grain ra ther  than being emitted 

through the side o f  the column and i n t o  the  atmosphere. A rack 
dryer contains baff les  or racks around which the grain and hot 

a i r  must flow and mix. 

flow through the a i r  stream, resul t ing i n  g rea te r  entrainment 

of grain dust (Par t icu la te  matter) than i n  a column dryer. 

T h i s  creates a cascading motion of grain 

The current trend i n  the grain elevator  industry is  the in s t a l l a t ion  

of column dryers instead of rack dryers a t  country elevators ,  and t h i s  

trend is  expected t o  continue. The trend has developed primarily 

because typical S t a t e  standards require t h a t  rack dryers be operated 

with a 20 t o  30 mesh screen for  a i r  pollution control,  whereas no 

air pollution control device i s  usually required f o r  column dryers. 

T h i s  gives a s ign i f icant  capital  cost  advantage t o  the column dryer. 

EPA believes the majority of new, modified, or reconstructed dryers 

will be column dryers; however, new rack dryers m y  be ins ta l led  in 

high t h r o u g h - p u t  elevators because maintenance costs  appear t o  be 

less  for  rack dryers i n  these applications.  
- 

Emissions from grain dryers a re  discharged from an exhaust 

area t h a t  i s  usually very large.  

or economically feas ib le  t o  apply the usual par t iculate  source t e s t  

methods designed f o r  measuring stack emissions t o  t h i s  source. 

attempts t o  carry out source t e s t s  were made by EPA and by operators 

of g r a i n  elevators.  The data col lected,  however, can only be 

used as a guide i n  developing a standard due to  the numerous 

d i f f i c u l t i e s  encountered i n  the measurement technique, such as 

1 ow e x i t  gas vel oci t y  , skewed exi t velocity , 1 arge traverse area,  

va r i ab i l i t y  of par t icu la te  concentration and veloci ty  over the 

Therefore, i t  i s  n o t  technologically 

Several 
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e x i t  area,  and va r i ab i l i t y  in the design of the exhaust areas 

on d i f f e ren t  brands of dryers. 

technique are  n o t  suf f ic ien t  fo r  determining cwnplfance. 

has concluded t h a t  methods f o r  measuring mass par t icu la te  

emissions from grain dryers a re  not available a t  t h i s  time. 

The only practical  and feasible  method of measuring par t icu la te  

matter emissions from grain dryers i s  v i s ib l e  emission determina- 

t ions.  

The accuracy and precision of the 

EPA 

Table 8-1 i l l u s t r a t e s  the four o p t i o n s  considered by EPA fo r  

ccntrslling emissions from column and rack dryers. Two cases for  

column dryers were evaluated; column dryers without screen f i l t e r  

controls with a perforation s i z e  range of 0.050 t o  0.084 inch 

and column dryers w i t h  a vacuum-cleaned screen f i l t e r .  

rack dryers, the two cases considered were rack dryers w i t h  screens 

and rack dr.yyers with vacuum-cleaned screens. 

cases, a l l  the emission data t h a t  i s  avai lable  i s  tabulated along 

w i t h  the  to t a l  cap i ta l  cos t ,  t o t a l  annual costs ,  annual incremental 

cos ts ,  and the impact on i n s t a l l a t ion  of new dryers.  

For the 

For each of these 

The avai lable  source t e s t  data ,  which can only be used as a guide 

(see Chapter 5) indicate tha t  the most e f f i c i e n t  demonstrated method for  

control l ing par t icu la te  emissions from grain dryers,  both column a n d  rack 

designs, i s  t o  cover the exhaust area with a 100 mesh screen ( f i l t e r )  

equipped with a vacuum type cleaning mechanism. 

problems have occurred under cer ta in  operating conditions when 100 mesh 

screen f i l t e r s  a re  used.) EPA estimates (Case 2 ,  Table 8-1) t ha t  approxi- 

mately 520 new column dryers wou ld  n o t  be in s t a l l ed  over a five-year 

(Some plugging 
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period i f  compliance with the NSPS required the use of a 100 mesh 

vacuum-cleaned screen f i l t e r .  

1380 new column dryers would be in s t a l l ed .  

50 mesh were required, the screen plugging problem would be reduced; 

however, a vacuum cleaning mechanism would s t i l l  probably be needed. 

Therefore, the adverse economic impact would not be reduced. 

EPA's judgment tha t  the economic impact of a standard t h a t  would 

In the absence of NSPS, approximately 

If a coarser screen of 

I t  i s  

require vacuum-cleaned screens f o r  column dryers (Case 2 ,  Table 8-1) 

i s  n o t  reasonable. 

The control costs  are  reduced i f  a screen f i l t e r  ra ther  than a 

vacuum-cleaned screen f i l t e r  were operated on a column dryer. However, 

the avai lable  data on opacity and the trends indicated by the available 

par t icu la te  t e s t  data (see Chapter 5 of t h i s  document) do n o t  c lear ly  

demonstrate t h a t  there  would be an appreciable difference i n  emissions 

between column dryers equipped w i t h  the coarsest  screen f i l t e r s  now 

used on grain dryers,  and  those equipped w i t h  conventional perforated 

p la tes  b u t  no screen f i l t e r s .  Further, some types of column dryers,  

because of t he i r  configuration, cannot reasonably be equipped w i t h  

screen f i l t e r s .  

control l ing column dryers w i t h  screens ( f i l t e r s ) .  

Therefore, the proposed standards were not based on 

The remaining emission control a l t e rna t ive  is the operation of 

a column dryer w i t h  no screen (Case 1 ,  Table 8-1). Since the economic 
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impact _ -  of NSPS compared t o  - State  - -- s tandards  i s  r e 3 n a b l e  i f  no 2creen _c- 

i s  used, EPA has concluded tha t  t h i s  a l te rna t ive  i s  best 

demonstrated technology considering cost  f o r  column dryers. 

EPA attempted t o  determine whether smaller perforations in column 

dryer plates  produce lower emissions. However, no difference i n  

opacity was observed f o r  the range o f  hole diameters from 0.050" 

t o  0.084". There are operational problems w i t h  s izes  of 0.050" 

t o  0.0625" because of pluggage. 

having 0.084" diameter holes w i t h  no apparent problems. 

the column p la te  perforation s i z e  for best demonstrated technology con- 

However, many dryers operate w i t h  p la tes  

Consequently, 

siderjnq costs  i s  concluded t o  be 2.1 mn (ca. 0.084 inch). 

There are  no environmental impacts associated w i t h  the best 
I 

I .  demonstrated technology considering cos ts  f o r  column dryers 
compared w i t h  the typical Ttate  standard, since they are  

essent ia l ly  the same. 

operate without additional a i r  pollution control equipment. 

However, individual State  standards re ly  mainly on ndisance codes 

and process weight charts f o r  enforcement. I t  i s  questionable 

whether process weight char ts  can be d i r ec t ly  applied t o  dryer 

emissions and the- enforcement of nuisance codes i s  subjective.  

I 

. -. . . ... .. . . .  - - - _  .- 

Both standards 'allow column dryers t o  

. .  . .  . .  

In order t o  reduce emissions from rack dryers t o  a level 

comparable t o  t h a t  of best demonstrated technology for column 

dryers, i t  would be necessary t o  i n s t a l l  a screen par t icu la te  

col lect ing device. The source test data gathered by EPA and by 

elevator  operators (discussed e a r l i e r  i n  this section'  a n d  i n  

Chapter 5) ind ica te  t ha t  emissions from a rack. dryer equipped 

with a 50 mesh vacuum-cleaned screen a r e  approximately equivalent 

.. - _ _ _  ~. - .~ . ___ . . 

, .  

. .  . .  . .  
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t o  the emissions from a column dryer w i t h  no screen. 

State standards now require rack type dryers t o  use 20 to  30 mesh 

screens f o r  pollution control.  

screen would strengthen the trend toward use of column dryers by 
country elevators ,  b u t  would have no additional m m m i c  impact 

on the grain: e levator  industry. 

8.3.2 Air pollution Control Devices 

Typical 

Requiring a 50' mesh vacuum-cleaned 

. . .  . . .  
. . . . . . . , , 

EPA separately considered the capture systems a t  various 

grain operations and the a i r  pollution control devices used to  
An.- ---A ^ .I ---A:-..,-&- ..-&ae- =--- *I.̂ --- -* -^-- L^f^.-^ r ~ r i i i ~ v r  LIIF ~ a p c u ~ c u  par c i c u i a ~ c  m a G t , c r  I I V I I I  LIIC ya, ~ L I C ~ I I I  V C I U I S  

discharge t o  the atmosphere. The proposed standards would require 

a i r  pollution control devices on a l l  of  the affected f a c i l i t i e s  

a t  a g r a i n  e levator ,  except grain dryers and some types of d u s t -  

t i g h t  g r a i n  handling operations. 

Almost every grain elevator t h a t  controls emissions uses e i the r  a 

cyclone o r  a fabr ic  f i l t e r .  

occasionally; however, they are generally not as e f f i c i e n t  as cyclones 

o r  fabr ic  f i l t e r s .  

EPA t o  determine the best  demonstrated control technology, considering 

cos ts ,  for  g r a i n  operations. 

Low-energy scrubbing devices are  used 

Cyclones and f a b r i c  f i l t e r s  were evaluated by 

- - - .  - 
Cyclones are  c lass i f ied  as e i t h e r  high-efficiency or low-efficienc,y. 

The hiqher gas velocity i n  high-efficiency cyclones, which are  the 

most common control device presently used a t  grain elevators ,  resu l t s  
-- P- ______ _ _  

I 
I 

i 

in a col lect ion efficiency of about 85 t o  95 percent. 

across a h i g h  eff ic iency cyclone is approximately 3 t o  5 inches of 

water. 

The pressure drop 

The lower gas velocity i n  low-efficiency cyclones resu l t s  in 

8-1 6 



- 
collection eff ic iencies  between 60 and 85 percent, and pressure 

drops of only 0 .5  t o  2.0 inches of water. 

The typical modern fabr ic  f i l t e r  a t  a grain elevator handles 

2,000 to  30,000 cubic f e e t  of a i r  per minute. Most are package units 

t h a t  can be supplied by several manufacturers. The f i l t e r s  usually 

operate under negative pressure with the fan pulling a i r  through the 

system. 

The air-to-cloth r a t i o  i s  usually between 1O:l and 15:l. 

Felted, synthetic fabr ics  are the most conmon collection media. 

The f i l t e r  

I 
! 

bags are cleaned by mechanical shaking o r  by forcing a j e t  of a i r  throuoh 

them t o  force the d u s t  cake off the fabr ic .  

a t ta in  collection eff ic iencies  of be t te r  t h a n  99 percept. 

Fabric f i l t e r s  typically 

EPA measured emissions according to Reference Method 5 ,  except 

tha t  the probe was n o t  heated, from eleven grain processes controlled 

w i t h  fabr ic  f i l t e r s .  The resu l t s  sumarized in Chapter 5 of this 

document cover grain unloading, handling, and loading operations. 

The average concentration o f  par t iculate  matter emissions from 

a l l  f a c i l i t i e s ,  excluding one which had h i q h  emissions due t o  

process i r r egu la r i t i e s ,  was 0.007 g / s t d .  m3 dry basis. 

individual test  resu l t s  were below 0.023 g/s td .  m3 dry basis.  EPA did 

n o t  measure emissions from cyclones, b u t  estimates tha t  emissions from 

qrain operations controlled by cyclones average a factor  of 10 times 

tha t  of fabric f i l t e r  control devices. 

Most of the 

Therefore, EPA has determined, based on the available data,  t h a t  

the best demonstrated system of emission reduction (considering costs)  

for  grain operations is  a fabr ic  f i l t e r .  

There are no s ignif icant  environmental impacts associated w i t h  t h i s  

! 

control method when compared t o  cyclone control w h i c h  is now generally 
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required by S ta t e  standards. 

be col lected,  and Power requirements will be sowwhat increased. 

Some additional par t icu la te  Mtter w i l l  

8.3.3 Truck and Railcar Unloading Stations 

The generation of par t iculate  emissions and the methods of 

unloading grain from trucks and r a i l c a r s ,  both boxcars and hopper cars ,  

are  s imilar .  

t o  the elevator  where i t  i s  rapidly unloaded by pouring the grain 

i n t o  a hopper recessed in the ground. 

mechanically elevated and/or t i l t e d  so tha t  the grain i s  emptied 

Grain, contained in a r a i l c a r  or  truck bed, i s  delivered 

Trucks and boxcars are  

from the vehicle. 

ou t l e t s  a t  the base of each individual hopper section. These operations 

are  described i n  de ta i l  in Chapter 4 of this doaumnt. A f a l l i n g  

stream o f  grain i s  created i n  each o f  these cases which generates 

turbulent a i r  flow i n  the receiving hopper. 

Grain from a hopper car  and some trucks is released through 

Par t icu la te  mat ter ' in  

the grain i s  entrained i n  the  turbulent a i r  currents and f lows 

the hoooer with the displaced a i r  i f  controls are  n o t  applied. 
of 

. 
I 

The demonstrated methods f o r  controll ing par t icu la te  emissions 

from truck and r a i l c a r  unloading operations include a collection hood, 

in the receiving hopper, vent i la ted t o  an a i r  pollution control device 

and a protective enclosure around the f a c i l i t y  t o  reduce the in te r fe r ing  
- 

ef fec t  o f  winds. 

Three a1 ternat ives  were evaluated by EPA concerning protective 

enclosures of the unloading s t a t i o n .  Generally, enclosures or 

sheds are  used t o  protect the grain and workers from inclement 

weather. 

consis tent ly  dry,  unloading s t a t ions  do n o t  have sheds. 

developtng the proposed standards,  EPA determined t h a t  a protective 

In some locations,  however, where the weather i s  

In 
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enclosure i s  requ i red  t o  prevent wind from g r e a t l y  i n t e r f e r i n g  

w i t h  the ef fect iveness o f  p a r t i c u l a t e  capture by  the hopper 

v e n t i l a t i o n  system. 

The a1 t e r n a t i v e  p r o t e c t i v e  enclosures considered wet% 

(1) a shed w i t h  two open ends, (2) a shed w i t h  one open end, 

and (3)  a t o t a l l y  enclosed shed. 

was determined t o  be l e a s t  e f f e c t i v e  because it al lows t h e  wind 

t o  blow d i r e c t l y  through and over the  r e c e i v i n g  hopper. 

one open end and a t o t a l l y  enclosed shed were found t o  g r e a t l y  

,- 
A shed w i th  two open ends 

A shed w i t h  

d imin ish the e f f e c t s  o f  wind upon t h e  v e n t i l a t i o n  system. 

The t o t a l l y  enclosed shed has been demonstrated i n  r a i l c a r  

(hopper and boxcar) unloading operat ions,  where the two ends 

o f  the shed a r e  equipped w i t h  qu ick -opera t ing  doors. However, 

I a l l  of the  t r u c k  unloading f a c i l i t i e s  inspected by EPA were 

designed so t h a t  the  f r o n t  end of the  t r u c k  extends ou t  from 

under the open end o f  t h e  shed. 

emissions cou ld  be r e a l i z e d  by t o t a l l y  enc los ing  the  t r u c k  unloading 

operat ion;  however. no e leva tors  t h a t  use t h i s  method are  known by EPA. 

I n  o rder  t o  t o t a l l y  enclose the  operat ion,  t h e  shed would have 

t o  be g r e a t l y  increased i n  bo th  l eng th  and he igh t  because the 

f r o n t  ends o f  the  t rucks  are  ra i sed  considerably  t o  a l l ow  the g r a i n  

t o  flow ou t  the r e a r  of the t ruck .  This would Increase the cost  

Some reduc t i on  i n  p a r t i c u l a t e  
I - 

I, 

o f  the  shed s u b s t a n t i a l l y .  

are loca ted  a t  a l l  smal l  count ry  e levators ,  whereas r a i l c a r  unloading 

i s  on l y  found a t  l a r g e r  e levators .  Grea t l y  increased cos ts  would 

be incurred,  e s p e c i a l l y  a t  small e leva tors ,  and minimal reduc t ion  

I n  add i t i on ,  t r u c k  unloading operat ions 
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i n  emissions would r e s u l t  f r o m  the use o f  a completely enclosed 

shed on t r u c k  unloading operat ions.  

t h a t  the  bes t  demonstrated system o f  emission reduc t ion  (consider ing 

costs)  f o r  t ruck  unloading s t a t i o n s  i s  a shed w i t h  'one open end 

and For  r a i l c a r  unloading s t a t i o n s  i s  a t o t a l l y  enclosed shed. 

Therefore,  EPA has concluded 

When compared t o  t y p i c a l  S ta te  standards, these con t ro l  methods 

w i l l  have minimal secondary environmental impacts. More p a r t i c u l a t e  

ma t te r  w i l l  be co l l ec ted ,  ,some o f  which may have t o  be disposed o f ,  

and t h e  energy requirement w i l l  be somewhat greater .  

The system f o r  r a i l c a r  unloading wouid inc lude a r e c e i v i n g  

hopper equipped w i t h  b a f f l e s  and v e n t i l a t e d  a t  a r a t e  o f  approxf- 

mate ly  15,000 t o  25,000 cfm depending on the  s i z e  o f  the  f a c i l i t y .  

The system f o r  t r u c k  unloading would inc lude a rece iv ing  hopper 

equipped w i t h  b a f f l e s  and v e n t i l a t e d  a t  a r a t e  o f  approximately 

12,000 cfm. 

8.3.4 Barge and Ship Unloading E o u i m n t  
- ~- . - - . - . __ - r----'""- .- - -. :-.-: 

I 
Barge and s h i p  unloading s t a t i o n s  are  genera l l v  ooen t o  the  

Gra in i s  unloaded w i t h  a bucket e leva to r  ( l e g )  t h a t  i s  weather. 

lowered i n t o  t h e  vessel .  

vessel by t h e  buckets o f  t h e  l e g  and a t  t h e  t r a n s f e r  p o i n t  a t  the  

top  o f  t h e  l e q  where the g r a i n  i s  dumped i n t o  a rece iv ing  hopper. 

TO completely c lean the  barge, i t  i s  u s u a l l y  necessary t o  push 

o r  p u l l  t h e  g r a i n  t o  the l e q  w i t h  power shovels o r  f r o n t  end loaders,  

which: generates' a l a r g e  amount o f  p a r t i c u l a t e  mat te r  emissions. 

P a r t i c u l a t e  mat te r  i s  generated i n  t h e  hold o f  the  i 
I 

A l l  o f  t h e  bucket e l e v a t o w  observed by EPA du r inq  t h e  develop- 

mdnt of the  proposed standards had var ious types o f  enclosures and 
I 
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were ventilated.  

par t iculate  matter emissions, on both s ides  of the bottom portion 

of the leg and a t  the top of the leg where the grain is  transferred 

t o  a storage b i n .  

(including the receiving hopper) t o  the center  l i ne  of the bottom 

pulley appeared t o  perform w i t h  the l e a s t  emissions. 

was observed i n  operation w i t h  and without the vent i la t ion system 

i n  operation. 

and a t  the t o p  of  the elevator.  

were observed during the operation without vent i la t ion than when 

the vent i la t ion was in use. 

f a c i l i t y ,  which was 32.1 actual cubic meters per cubic meter of grain 

handling capacity (ca. 40 f t3/bu) ,  was judged t o  be adequate to  

effect ively capture the par t icu la te  emissions ( r e fe r  t o  Chapter 4 

o f  this document). 

Ventilation should be applied,  t o  effect ively control 

A f a c i l i t y  with the leg  enclosed from the top 

T h i s  f a c i l i t y  

Ventilation was applied a t  the base of the leg 

Signif icant ly  higher opaci t ies  

The vent i la t ion ra te  used a t  thfs 

Therefore, EPA considers the best  demonstrated system of 

emission reduction (considerinn costs)  f o r  barge and s h i p  unloading 

s ta t ions  to  he a leg enclosed from the t o p  (includinq the receivinq 

hopper) t o  the center l i n e  of the bottom pulley with vent i la t ion 

t o  a par t icu la te  control device maintained on b o t h  s ides  of the 

leg and the grain receiving hopper. 

must be a t  l e a s t  32.1 actual cubic meters per cubic meter of grain 

handling capacity (ca. 40 f t3/bu) .  

The to t a l  r a t e  o f  a i r  vent i la t ion 
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8.3.5 Grain Hand1 i ng Oyerati ons 

Grain handling equipment is used t o  t ransfer  grain from 

unloading operations t o  s torage,  t o  clean and weigh the grain,  

and t o  t r ans fe r  the grain from storage t o  loading operations. 

Conveyors, surge and garner b i n s ,  t u r n  heads, cleaners, scalpers,, 

t r i ppe r s ,  legs ,  s ca l e s ,  the hadhouse and other such s t ruc tures  

are  the individual pieces o f  equipment included under grain handling 

equipment. Most of the individual pieces o f  equipment are  usually 

located inside o f  the headhouse or  associated elevator s t ructures .  

Emiss inns  from these opera t ions ,  i f  n o t  p r n y r l y  cnnt.rnlleri, ~ 5 n  

be emitted through doors o r  windows of the headhouse. 

of the proposed standard, the housing for the conveyor and t r ipper  

mechanism atop the storage s i l o s  i s  considered to be pa r t  of 

the headhouse. 

equipment i s  located outside o f  the headhouse. 

systems, especial ly  a t  e levators  which l o a d  and unload ships 

and barges, a re  always outside of the headhouse. 

For purposes 

I n  some cases,  however, var ious grain handling 

Some conveyor 

. ~ .-. ~. -, - - . . . . 

Emissions from gra in  handling equipment  generally occur a t  

t ransfer  points i n  the system and a t  openings i n  the par t ia l  

enclosures t h a t  house some equipment such as cleaners. 

can also be generated over the length o f  outside conveyors if  

they are  not properly shielded from winds.  

the grain i s  "dropped" from one piece of equipment t o  another 

and the resul t ing a i r  turbulence can generate par t icu la te  matter emissions. 

Emissions 

A t  t ransfer  points,  
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Part iculate  emissions from g r a i n  handling equipment  can be 

minimized throuqh the use of t o t a l l y  enclosed equipment, by 

handling the grain a t  a slower r a t e ,  o r  by using ventilated hooding 

systems designed t o  capture emissions. 

EPA has concluded, based on avai lable  data and f i e l d  inspection 

of a l l  of the equipment listed under grain handling, t ha t  the best  

demonstrated system of emission reduction (considering Costs) for 

grain handling operations are: 

1 .  Cleansrs - Two methods are considered t o  be equally 

e f fec t ive .  

hooding or  pa r t i a l ly  enclosing the cleaner and 

vent i la t ing the par t icu la te  matter t o  a par t icu la te  

control device. A1 te rna t ive ly ,  screen cleaners can 

be t o t a l l y  enclosed without vent i la t ion.  

Conveyors - Conveyors can be completely enclosed 

and should have a hooding mechanism vent i la ted 

t o  a par t icu la te  control device a t  any t ransfer  

p o i n t  along the conveyor. 

Scales,  surge and garner bins ,  t u r n  heads, scalpers ,  

and legs - Scales,  surge bins and garner b ins  can be 

vented t o  a par t icu la te  control device. 

can be vented t o  each other so the a i r  can be exhausted 

t o  a s ingle  control device. 

can be enclosed and vent i la ted t o  a par t icu la te  

control device. 

Screen cleaners can be controlled by 

2. 

3. 

The b ins  

Turn heads and scalpers 

These operations can also be f i t t e d  

with to t a l  enclosures. Legs can be ventilated 

a t  the top and bottom where grain e x i t s  and enters  

the bucket e levator .  
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4. 

5. 

Tr ippers  and t r i p p e r  conveyors - Tr ippers  can be 

equipped w i t h  a hooding system v e n t i l a t e d  t o  a 

p a r t i c u l a t e  con t ro l  device. The conveyor associated 

w i t h  the  t r i p p e r  can be enclosed and can be v e n t i -  

l a t e d  a t  a l l  t r a n s f e r  po in ts .  

Headhouse and o ther  such s t r u c t u r e s  - A l l  o the r  q r a i n  

hand l inq  operat ions which are  loca ted  i n s i d e  these 

s t ruc tu res  can be equipped w i t h  t h e  best  system o f  emission 

reduc t i on  (consider ing cos ts )  f o r  t h a t  operat ion.  
. ~ .  ..... . .  . .  ... . . ~ ~ ~. .. . - 
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equipment contained w i t h i n  the  headhouse and equipment which i s  

l oca ted  ou ts ide  o f  t h e  headhouse. 

8.3.6 Truck and R a i l c a r  Loading S t a t i o n s  

The methods o f  load ing  g r a i n  i n t o  t rucks  and r a i l c a r s  (boxcars 

and hopper cars)  a re  s i m i l a r .  

f o r c e  o f  g r a v i t y  through a load ing  spout i n t o  t h e  compartment o f  

t h e  veh ic le .  The mechanisrnsjtllat generate p a r t i c u l a t e  emissions 

are  a l so  s i m i l a r .  During these operat ions,  p a r t i c u l a t e  mat te r  i n  the 

g r a i n  i s  en t ra ined i n  tu rbu len t  a i r  currents  produced when t h e  stream 

of  g r a i n  impacts t h e  veh ic le  Compartment o r  g ra in  which has already 

been loaded. 

compartment w i t h  the displaced a i r .  

A stream o f  g r a i n  f lows v i a  the 

. .  

The p a r t i c u l a t e  ma t te r  can then be emi t ted  from t h e  

EPA has observed demonstrated methods f o r  c o n t r o l l i n g  p a r t i c u l a t e  

emissions from t r u c k  and r a i l c a r  load ing  operat ions t h a t  inc lude a 

v e n t i l a t e d  hooding system and a p a r t i a l  enclosure around t h e  veh ic le  

and load ing  spout t o  reduce t h e  i n t e r f e r i n g  e f f e c t s  o f  winds. 
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Truck Loading 

During the development o f  the  proposed standards, EPA could no t  

loca te  a t ruck  load ing  opera t ion  i n  the  gra in  i ndus t r y  t h a t  used what 
. . .  

was considered t o  be the  bes t  system o f  emission reduc t i on  (cons ider ing  cos t )  

t h a t  could be appl ied.  

f l o u r  and g ra in  processing were s tud ied  i n  an at tempt t o  f i n d  we l l  

c o n t r o l l e d  t ruck  load ing  operat ions i n  these indus t r i es .  

and observed a soybean meal t r u c k  l oad ing  operat ion.  

we l l  con t ro l led ;  however, i t  does n o t  have what f s  considered t o  be the , 

best  system o f  emission reduct ion.  Loading soybean meal i n t o  t rucks  

was determined by  EPA t o  be as dusty  an operat ion as load ing  g r a i n  

i n t o  t rucks;  there fore ,  a d i r e c t  t r a n s f e r  o f  technology t o  g ra in  

load ing  operat ions i s  poss ib le .  

Therefore, o the r  i ndus t r i es  such as l ime  and 

EPA loca ted  

This opera t ion  i S  

.. 

Trucks were loaded w i t h  soybean meal i n s i d e  o f  a shed w i t h  one open 

end. 

mal had t o  f a l l  about ten t o  twelve f e e t  from the end o f  the sleeve 

i n t o  the  t r u c k  bed. 

process a f t e r  the  meal impacted the t r u c k  bed. 

v e n t i l a t e d  by a duct  a t  a r a t e  o f  approximately 6000 cfm. 

v e n t i l a t i o n  duct  was loca ted  beside and t o  the  rea r  o f  the load ing  

spout and wasnot very e f f e c t i v e  i n  conta in ing  emissions. EPA 

be l ieves  that a b e t t e r  con t ro l  system can be designed than the one 

observed; however, t h i s  i s  the  best  system t h a t  has been demonstrated 

f o r  t ruck  load ing  operat ions which are very s i m i l a r  t o  g r a i n  load ing  

operat ions.  EPA has concluded t h a t  the bes t  system o f  emission 

reduc t ion  (consider ing costs)  f o r  t r u c k  load ing  operat ions i s  a 

The load inq  spout was equipped w i t h  a canvas sleeve, b u t  the  soybean 

P a r t i c u l a t e  mat te r  was generated from t h i s  

The shed was 

The 
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shed w i t h  one open end, equipped w i t h  a l oad ing  spout w i t h  a 

candas sleeve and a hooding system v e n t i l a t e d  a t  a r a t e  o f  

approximately 10,000 t o  12,250 cfm. 

t r u c k  l oad ing  opera t ion  would more e f f e c t i v e l y  e l im ina te  the  

i n t e r f e r i n g  e f f e c t s  o f  winds. 

opera t ion  was found i n  the f i e l d .  

Hopper Car and Boxcar Loading 

> 
A t o t a l  enclosure o f  the  

However, no such t r u c k  load ing  

P a r t i c u l a t e  ma t te r  emissions which r e s u l t  f rom the  loading 

o f  g r a i n  i n t o  hopper cars i s  c o n t r o l l e d  i n  the  g r a i n  i ndus t r y  

bv a hoodinq system, v e n t i l a t e d  t o  an a i r  p o l l u t i o n  c o n t r o l  

device,  l oca ted  a t  the  end of t h e  loading spout. 

opera t ion  i s  u s u a l l y  enclosed i n  a shed w i t h  two open ends. 

Th is  c o n t r o l  method i s  the  o n l y  e f f e c t i v e  demonstrated p a r t i c u -  

l a t e  c o n t r o l  system used f o r  l oad ing  g r a i n  i n t o  hopper cars. 

The type o f  hooding and the v e n t i l a t i o n  r a t e s  are the  on ly  

var iab les .  Several hopper c a r  g r a i n  loading systems were s tud ied 

by EPA by rev iewing the manufacturer 's  designs o f  the systems 

and through communications w i t h  g r a i n  e leva to r  operators  and 

p l a n t  engineers. EPA gathered data f rom the opera t ion  which 

was determined t o  be the most e f f e c t i v e  system. 

The loading 

EPA has concluded t h a t  the  bes t  system o f  emission reduc t ion  

(consider ing costs)  f o r  r a i l r o a d  hopper car  l oad ing  s t a t i o n s  

i s  a shed w i t h  two open ends. and a hooding system loca ted  next  

t o  t h e  l oad ing  spout which i s  v e n t i l a t e d  a t  a r a t e  o f  about 

~ O , O O O  cfm. 
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The grain industry has essent ia l ly  only one demonstrated 

par t iculate  control method for loadinq boxcars. 

is  explained i n  Chapter 4 of t h i s  document. 

of a small buildinq-like s t ructure  t h a t  i s  elevated t o  the level 

of the boxcar door. T h i s  s t ructure  encloses a forked and curved 

loadinq spout and the enclosure is vent i la ted.  

i s  usually enclosed i n  a shed w i t h  two open ends. 

This technoloqy 

The technolouy consists 

The e n t i r e  operation 

EPA took  opacity measurements on  the best  controlled f a c i l i t y  

which was found .  The operation observed, however, was n o t  considered 

t o  employ the best  control technology t h a t  could be applied. 

could be maintained i n  better condition and higher vent i la t ion rates 

could be used. 

This f a c i l i t y  

Hopper car loading and boxcar loading operations are similar 

and  best technology requires a shed with two open ends and a hooded 

loading spout ventilated to  an a i r  pollution control device on bo th  

f a c i l i t i e s .  

deposited in a receiving vessel (the r a i l c a r )  a t  each f a c i l i t y .  

Fugitive par t iculate  matter emissions a re  a l so  generated in a 

s imilar  manner. 

the r a i l ca r  dis turbs  and displaces the a i r  in  the r a i l ca r .  

when the grain impacts against  the receiving vessel,  turbulence 

i s  created i n  the surrounding a i r .  

entrained in the turbulent air currents and f low out of the 

ra i l ca r  w i t h  the displaced a i r .  

t o  en t i re ly  enclose the loading operation or  t o  have a door 

on one end; however, no such technology presently ex i s t s  in the 

f i e ld .  

The grain flows through a loading spout and i s  

The stream of grain and induced a i r  flowing into 

Also, 

Par t iculate  matter can be 

Possible a l ternat ives  could be 
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EPA has concluded t h a t  the  bes t  system o f  emission reduc t ion  

(cons ider ing  cos ts )  f o r  r a i l r o a d  boxcar load ing  s t a t i o n s  i s  

a shed w i t h  two open ends. A l oad ing  spout enclosed by a smal l  

b u i l d i n g - l i k e  s t r u c t u r e  which extends t o  w i t h i n  6 inches o f  the 

s ide  o f  the  boxcar and hinged doors about 8 inches wide, equipped 

w i t h  rubber f l a p s .  which seal t h e  s ides o f  the enclosure t o  the 

boxcar a r e  p a r t  o f  t h i s  best c o n t r o l  system. 

s t r u c t u r e  i s  v e n t i l a t e d  a t  a r a t e  o f  about 10,000 cfm. 

This  b u i l d i n g - l i k e  

- .  

8.3.3 Barpe and Ship Loading S ta t i ons  . ~. ~ .. . -- - - .~ 

Gra in i s  loaded i n t o  sh ips  and barges a f t e r  i t  i s  conveyed fiiin7i 

s torage t o  t h e  l oad ing  area. 

t h a t  a r e  i n s e r t e d  i n t o  the ho lds  o f  t h e  vessels. 

occur when the  g r a i n  drops from the end o f  t h e  l oad ing  spout i n t o  

t h e  hold,  and when p a r t i c u l a t e  ma t te r  i n  t h e  g r a i n  a l ready deposi ted 

becomes reen t ra ined  i n  the d i s t u r b e d  a i r  o f  the  hold.  The en t ra ined 

p a r t i c u l a t e  ma t te r  can then e x i t  through t he  ho ld  opening i n t o  the 

ou ts ide  a i r .  

The g r a i n  f a l l s  d o w  long  load ing  spcuts 

P a r t i c u l a t e  emissions 

EPP. consldered two systems for c o n t r o l 1  i n g  p a r t i c u l a t e  ma t te r  

emissions from barge and s h i p  l oad ing .  

scoping l o a d i n g  spout t h a t  i s  ad jus ted  t o  t h e  e l e v a t i o n  o f  t h e  g r a i n  

sirrface as l o a d i n g  prnceeds. V e n t i l a t i o n  i s  app l i ed  a t  t h e  end of 

t h e  spout. 

end of t h e  l oad ing  spout on one system was extended f n t o  t h e  g r a i n  

surface t o  min imize t h e  generat ion of emissions. The o the r  opera t ion  

used a "dead box" system a t  t h e  end o f  t h e  spout t o  slow the f low o f  

The f i r s t  cons is ts  of a t e l e -  

Two v a r i a t i o n s  o f  t h i s  system were observed by EPA. The 

.- 
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the grain as it entered the hold. 

kept a s l i gh t  distance (six inches to one foot) above the grain 

level i n  the hold. 

hold with canvas or p l a s t i c  sheeting except where the loading 

spout enters.  

operation. 

cover t o  reduce emissions from the hold. 

The end of the spout was usually 

The second system considered was t o  cover the 

However, no system of this type was observed i n  

Par t iculate  matter can be vent i la ted from beneath the 

EPA has concluded tha t  the best system of emission reduction 

(considering costs) fo r  barge and ship loading operations i s  a 

telescopic loading spout which is  adjusted to extend d i rec t ly  in to  

the surface of the  grain. Approximately 20,000 cfm o f  ventilation 

i s  applied t o  the loading spout system. 

by covering the en t i r e  hold o r  by u s i n g  a "dead box" system on the 

loading spout, equivalent control can be achieved. 

8.3.8 Economic and Environmental Impacts 

EPA believes, however, t h a t  

There will be minimal adverse environmental impacts i f  the 

best system of emission reduction (considering costs) i s  applied 

to  each affected f a c i l i t y  a t  grain elevators.  

standards would accomplish an overall reduction of mre than 

99 percent in uncontrolled par t iculate  emissions from new grain 

elevators.  This will r e su l t  i n  s ign i f icant ly  reducing the emissions 

of par t iculate  matter t o  the atmosphere. The existing elevators are 

controlled w i t h  cyclones while the proposed standards will require the 

As proposed, the 
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use of baghouse control.  

e f f i c i e n t  on par t icu la te  matter from grain elevators while a baghouse 

i s  estimated to  be approximately 99 percent e f f i c i e n t .  

A typical cyclone i s  approximately 90 percent 

Estimates f o r  various model grain elevators show t h a t  the 

proposed standards would reduce pa r t i cu la t e  matter emissions to a 

level t h a t  is 67 to 94 percent l e s s  than levels  required by typical 

S ta te  standards. 

reduction of  ambient concentrations of par t icu la te  matter i n  the 

v ic in i ty  of grain elevators.  

t ra t ion  a t  a distance of 0.3 km from the model f a c i l i t i e s  would be 

reduced t o  a level t h a t  i s  52 to  76 percent lower than the maximum 

concentration t h a t  resu l t s  from control t o  the leve ls  of  typical 

S ta te  standards. 

t o t a l  amount of par t iculate  matter emissions in to  the atmosphere 

by 23,GOG tons per year. 

environmental impact of  the proposed standards a re  beneficial 

and a l so  s igni f icant .  The secondary environmental impacts 

o f  the proposed standards would be minor. There wil l  be 
no impact on water pollution'6ecause only dry co l lec tors  would 

be used to  control par t icu la te  emissions. Minimal additional 

so l id  waste handling o r  disposal problems would be caused by 

the standard. Currently, approximately 68 percent of  the par t icu la te  

matter collected by emission control devices a t  elevators is returned 

to  the grain,  30 percent is sold fo r  use i n  feed manufacturing and 

This reduction i n  emissions resu l t s  i n  a s ign i f icant  

The maximum 24-hour average concen- 

By 1981, the proposed standards would reduce the 

These estimates indicate  t h a t  the  primary 

-~ 
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2 percent i s  disposed of as so l id  waste. 

matter collected by more e f f i c i e n t  control devices Will e i t he r  be 

soid for feed o r  landfi l led.  

matter will  be sold fo r  feed. 

i s  dependent upon i t s  location re la t ive  t o  feed manufacturers. 

estimates the amount of par t icu la te  matter disposed Of Will remain 

a t  about 2 percent, which would amount t o  about 0.14 Pound Per t o n  

of grain. 

matter disposed of a t  an  uncontrolled grain elevator.  

standards would have minimal  adverse impacts on noise and land-use 

considerations. A re la t ive ly  minor amount o f  par t icu la te  matter, 

sulfur  dioxide and nitrogen oxides would be discharged in to  the 

atmosphere from Power Plants supplying the additional e l ec t r i ca l  

Power required for  the a i r  pollution control devices needed to  achieve the 

proposed standards. 

e f fec t  i n  reducing the  amount of par t icu la te  emissions t o  the 

ambient atmosphere. 

The additional par t icu la te  

Generally, t h i s  additional Par t iculate  

The market for  any one elevator ,  however, 

EPA 

This amounts t o  only 20 percent Of the amount of Par t icu la te  

The Proposed 
- 

Overall, there will be a s ign i f icant  posit ive 

The incremental energy required, above the typical State  

standard requirements, by the proposed standards t o  control 

a l l  new, modified, o r  reconstructed grain elevators constructed 

by 1881 is  equivalent t o  about 17,000 barrels  of Number 6 fuel o i l .  

This indicates  t ha t  the proposed standards would have a minor 

impact on the imbalance between national energy demand and 

domestic supply. The enerqy requirements of the proposed standards 

. _. .- 
~ - .  

would r e su l t  from the use of f ab r i c  filter control instead 

of the exis t ing cyclone control requirements. The additional 

energy t h a t  would be reqeered t o  meet the proposed standards 

represents approximately 23 percent of the to t a l  pmcess energy 
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requirements of new grain elevators .  

about 5 percent above the energy presently needed t o  meet typical 

S t a t e  standard requirements f o r  new grain elevators .  

T h i s  i s  an increase.of 

Standards of  performance f o r  new and modified s ta t ionary 

sources sometimes resu l t  i n  a m r e  severe economic impact on 

smaller firms than la rger  ones. 

economies of scale generally favor l a rge r  i n s t a l l a t ions  and 

competitiveness has a greater  impact on smaller f i rms. '  For 

these reasons, EPA has proposed a lower s i z e  cut-off ,  based 

on yearly grain through-put of 700,000 busheis. 

of grain corresponds t o  a t o t a l  leg capacity of 10,000 bushels/ 

hr and the proposed standards exempt farm, country, terminal 

grain elevators and commercial r i ce  dryers tha t  have a to t a l  

leg capacity l e s s  than 10,000 bu /h r .  There i s  no lower s i ze  

cut-off fo r  storage elevators a t  processing plants ,  except 

commercial r ice  dryers,  because these plants can afford the 

necessary controls t o  meet the proposed standards. 

the proposed standards would have no adverse impact on small 

businesses. The t o t a l  added production cost  i n  re la t ion t o  

sales  price o f  the proposed standard i s  0.5.percent based on 

a se l l i ng  price o f  $2.40 per bushel f o r  corn. This cost  includes 

the cost  imposed by the standard from the farm to  the port 

terminal e levator .  The maximum cost added a t  an individual 

grain elevator  i s  l e s s  than 1 cent per bushel. The costs tha t  

new, modified and reconstructed grain elevators would incur 

to  comply with the proposed standards are  considered reasonable. 

A detai led discussion o f  the economic considerations evaluated 

is  presented i n  Chapter 6 of t h i s  document. 

This occurs primarily because 

This amount 

Therefore, 
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8.4 SELECTION OF THE FORMAT AND E M I S S I O N  LIMITS OF THE PROPOSED 
STANDARDS 

Emission l i m i t s  and standards f o r  a f f e c t e d  f a c i l i t i e s  a t  

g ra in  e leva tors  were chosen based on the  ava i l ab le  data and 

in fo rmat ion  on best  systems o f  emission reduc t ion  (consider ing 

costs)  discussed i n  Sect ion 8.3 and Chapter 5. The purpose o f  

each o f  the q u a n t i t a t i v e  emission standards i s  t o  ensure t h a t  

the best system o f  p a r t i c u l a t e  emission reduct ion,  cons ider ing 

costs,  i s  app l ied  t o  each a f f e c t e d  f a c i l i t y .  I n  add i t ion ,  the 

standards must be i n  a form which i s  enforceable.  
__ _..__ - .. . ..- . . . . .. 

P a r t i c u l a t e  emissions from t h e  a f f e c t e d  f a c i l i t i e s  a t  a 'g ra in  

e leva tor ,  exc lud ing a i r  p o l l u t i o n  c o n t r o l  devices, are considered 

f u g i t i v e  emissions. 

' t h a t  i s  u s u a l l y  very  large;.. Therefore, i t ~ i s .  d i f f i c u l t  t o   apply^ 
the usual p a r t i c u l a t e  source t e s t  methods designed f o r  measuring 

stack emissions t o  a f fec ted  f a c i l i t i e s  a t  g ra in  e leva tors .  I n  

add i t ion ,  numerous d i f f i cu1 t i es ;such  mas low e x i t  gas v e l o c i t y ,  

'skewed e x i t  v e l o c i t y ,  v a r i a b i l i t y  o f  p a r t i c u l a t e  concentrat ion 

and v e l o c i t y  over  the e x i t  area, and t h e  v a r i a b i l i t y  i n  t h e  

These emissions are  discharged from an exhaust area 

.. 
. 

design of exhaust areas make source t e s t i n g  Imprac t ica l .  

has concluded t h a t  p r a c t i c a l  and f e a s i b l e  methods f o r  measuring 

the  mass o f  f u g i t i v e  p a r t i c u l a t e  emissions from a f f e c t e d  f a c i l i t i e s  

a t  g ra in  e leva tors  are no t  ava i l ab le  a t  t h i s  time. 

n e i t h e r  mass nor concentrat ion standards have been proposed 

f o r  a f f e c t e d  f a c i l i t i e s  a t  g ra in  e leva tors .  The remaining opt ions 

fo r  r e g u l a t i n g  emissions are v i s i b l e  emission/opaci ty standards 

and equipment standards. 

EPA 

Therefore, 

For these reasons, the proposed standards 
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include v i s ib l e  emission/opacity standards for  six affected 

f a c i l i t i e s ,  an opacity standard w i t h  the a l te rna t ive  of using 

specif ied equipment fo r  one affected f a c i l i t y ,  and an equipmnt 

standard fo r  one affected f a c i l i t y .  A concentration standard 

and an opacity standard are  proposed f o r  a i r  pollution control 

devices. 

* 

The proposed y i s ib l e  emiss.ton standards include zero percent, 

10 percent, and 15 percent opacity standards and a no v i s ib l e  

emission standard. These various v is ib le  emission standards are  

necessary because o f  the d i f f e ren t  character is t fcs  of  the emissions 

from the affected f a c i l i t i e s .  The no v is ib le  emission l i m i t  means 

t h a t  an inspector viewing a source would see no v is ib le  emissions 

w i t h o u t  the aid of instruments. This is achievable when an 

affected faci1:ty i s  t o t a l l y  enclosed w i t h  proper vent i la t ron.  

Under this arrangement, no v i s ib l e  emissions escape t o  the 

atmosphere. The emissions f r o m  f a c i l i t i e s  subject  t o  the zero 

o r  greater  percent opacity leve ls  would be evaluated according t o  

EPA Reference Method 9. Reference Method 9 spec i f ies  t h a t  24 

observations be taken a t  15-second in te rva ls  and averaged over a 

6-minute period. The individual observations are recorded i n  5 percent 

increments (0, 5, 10, e t c . ) ;  however, averaging 24 observations may 

r e su l t  i n  a six-minute average which is not a whole number. The 

6-minute average i s  t o  be rounded off t o  the nearest  whole number 

following the standard rules of rounding (e.g. ,  0.49 would be rounded 

o f f  to 0, 0.50 would be 1 ,  7.51 would be 8 e t c . ) .  This means t ha t  

an affected f a c i l i t y  subject t o  a zero percent opacity standard 

could have two of 24 observations a t  5 percent opacity and the 
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other 22 observations a t  0 percent opacity and s t i l l  be i n  

compliance. The six-minute average i n  this case would be 0.42 

percent and would be rounded off t o  0 percent,  the nearest  

whole number. 

Grain Dryers 

The proposed s t a n d a r d  for grain dryers l imi t s  emissions t o  zero 

percent opacity (six-minute average), o r  a1 ternat ively column dryers 

a re  in compliance i f  the column perforation diameters a re  2.1 mm 

(ca. 0.084 inch) o r  l e s s  and rack dryers a r e  in  compliance provided 

a l l  exhaust gases pass t h r o u g h  a 50 or  f i n e r  mesh screen f i l t e r .  

The opacity standard was developed from a t o t a l  of 130 six-minute 

opacity averages taken on f ive  column-type dryers w i t h  varyinn 

perforation diameters. Four six-minute averages were rejected 

because of the interference of steam i n  the  exhaust. 

126 averages ranged from no v i s ib l e  emissions to  one percent opacity, 

and the majority were zero percent opacity. 

observed fo r  v i s ib le  emissions. 

vacuum-cleaned screen ( f i l t e r )  and the other  had no screen. A t o t a l  

o f  5 six-minute opacity averages, ranging from no v i s ib l e  emissions 

t o  zero percent opacity,  were taken a t  the rack dryer equipped with 

the 50 mesh screen. 

column perforation diameters of 2.1 m (ca. 0.084 inch) or l e s s  

and rack dryers equipped with 50 or f i n e r  mesh screens will achieve 

the proposed emission l i m i t  of zero percent opacity. 

a s  an a l t e rna t ive ,  EPA has proposed the option tha t  a column dryer 

may be equipped w i t h  column perforations of 2.1 mn (ca. 0.084 inch) 

or  less and rack dryers may be equipped with 50 or  f i n e r  mesh screens. 

The remaininn 

Two rack-type drvers were 

One was equipped with a 50 mesh 

EPA believes tha t  column dryers equipped with 

Therefore, 
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Air Pollution Control Devices 

As explained i n  Section 8.3 ,  EPA concluded tha t  fabr ic  f i l t e r s  

represent the best system of  emission reduction (considering costs)  

fo r  a l l  of the affected f a c i l i t i e s  a t  a grain elevator ,  except grain 

dryers and some types o f  dus t - t igh t  grain handling operations. 

measured par t icu la te  emissions according t o  Reference Method 5, 

except that  the r o b e  was not heated, from eleven grain processes 

controlled w i t h  fabr ic  f i l t e r s .  

EPA 

EPA considered both mass and concentration units fo r  the 

prnpncPd standards. 

which r e s t r i c t s  the mass r a t e  of emissions would minimize the 

t o t a l  mass emitted, whereas concentration units allow the mass 

r a t e  t o  increase i n  d i r ec t  proportion w i t h  the volume of gas 

exhausted through the control device. This i s  an advantage for  

concentration units fo r  grain elevators since the concentration 

standard does not discourage use o f  large volumes of vent i la t ion 

a i r .  

hood is necessary fo r  complete capture of  the par t icu la te  matter 

generated by the process. 

units i s  t h a t  the  emission t e s t  provides a l l  information necessary 

for  enforcement (determination o f  mass emissions per volume of 

gas discharged t h r o u g h  the control device). 

however, a re  usually based on a u n i t  of product o? raw material 

The bas ic  difference i s  tha t  a standard 

As one mi@t surmize, adequate suction a t  the co l lec t lon  

Another advantage o f  concentratton 

Mass standards, 

t o  the process. 

mass emissions and product or  raw material weight. 

a r e  obtainable only from the operator and are often d i f f i c u l t  

They require an accurate determination of both 

The l a t t e r  
h 
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parameters t o  measure. 

operations fo r  the following reasons. 

This is  par t icu lar ly  t rue fo r  grain elevator 

1 .  The amount of grain handled on conveyor be l t s ,  legs, 

or cleaners i s  generally not measured. 

If more than one process i s  controlled hy a s ingle  

col lector  ( i . e . ,  headhouse f i l t e r ) ,  i t  may be impossible 

to  determine the process weight d u r i n g  compliance 

testing. When a standard with concentration units i s  

applicable t o  each Rrocess, compliance for any number 

of processes can be determined by only measurincl the 

concentration from the control device. 

2. 

The average concentration of par t icu la te  matter emissions from 

a l l  the g r a i n  processes tes ted,  excluding one which had high emissions 

due to  process i r r egu la r i t i e s ,  was .007 gram per standard cubic meter 

dry basis. 

per standard cubic meter dry basis. 

qram per f t a n d a r d  cubic meter dry basis a s  the emission l imi t  fo r  the 

proposed standards. 

for  grain operations to  i n s t a l l  and properly operate fabr ic  f i l t e r  

control systems ra ther  t h a n  l e s s  e f fec t ive  control systems such as 

high efficiency cyclones. 

Most of  the individual test  results were below .023 gram 

Therefore, EPA selected .023 

To meet this emission l imi t ,  i t  would be necessarv 

A zero percent opacity standard (based on six-minute averages) 

i s  also proposed for  a i r  pollution control devices. EPA observed 

two fabr ic  f i l t e r  systems on grain processes and a l l  of the 

individual readinqs, a to ta l  of 56 six-minute averages, were no 

v is ib le  emissions. EPA believes t h a t  the proposed standard of 
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zero percent opacity will ensure the proper operation and maintenance 

of the a i r  pollution control device. 

Truck Unloading 

An emission s tandard  of no more than zero percent opacity ( s ix-  

minute average) is  proposed f o r  truck unloading operations a t  grain 

elevators.  

gathered by EPA. 

v i s ib l e  emissions t o  1 (0.83) percent. 

averages were no v is ib le  emissions and 17  six-minute averages were 

zero percent opacity. 

t h a t  a standard of zero percent opacity can be achieved by the best  

A t o t a l  of 138 six-minute opacity averages have been 

The range of these six-minute averages is  no 

A t o t a l  of 120 six-minute 

Based on the available data ,  EPA has concluded 

Rai 1 car  Unloading - 

The proposed standard f o r  unloading r a i l ca r s  I both boxcars 

A and hopper cars ,  a t  grain elevators  is  no v i s ib l e  emissions. 

t o t a l  of two hours of  visible emissionlopacity data was gathered 

by EPA on a boxcar unloading operation a t  a grain elevator.  Every 

data p o i n t ,  taken a t  15-second in t e rva l s ,  was no v i s ib l e  emissions. 

Data to  subs tan t ia te  the standard were not  collected f o r  hopper 

car  unloading operations. However, EPA has observed hopper car 

unloading operations and believes tha t  unloading of boxcars i s  

a dus t ie r  operation t h a n  unloading of hopper cars.  

Proposed standard applies t o  both hopper cars  and boxcars. Based 

on the avai lable  data ,  EPA concluded t h a t  no v i s ib l e  emissions 

from r a i l c a r  unloading i s  achievable. 

Barge and Ship Unloading 

Therefore, the 

An equipment standard is  proposed for  barge and ship unloading 

operations a t  grain elevators.  EPA took v i s ib l e  emission/opacity 
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observat ions of a barge unloading operat ion.  The r e s u l t i n g  data show 

an extremely wide range of opaci ty ,  w i t h  some s ix-minute averages 

above 65 percent opac i ty .  

could n o t  be se t ,  due t o  t h i s  wide range o f  s ix-minute o p a c i t y  averages, 

t h a t  would ensure the use o f  bes t  demonstrated con t ro l  technology. 

'inei.e.fore, EPA has proposed a standard which requ i res  t h e  l e g  t o  

be enclosed f rom the top  ( i n c l u d i n g  tba rece-ivi.ng hopper) t o  t h e  center  

l i n e  o f - t h e  bottom p u l l e y  w i t h  v e n t i l a t i o n  t o  a p a r t i c u l a t e  c o n t r o l  

device maintained on bo th  s ides o f  t h e  l e g  and the  g r a i n  rece iv ing  

hopper. 

cubic  meters per  cubic  meter o f  g ra in  handl ing capaci ty  (ca. 40 f t3 /bu) .  

G r d  n Hand1 i n g  Operations 

EPA decided t h a t  an opac i ty  standard 

The t o t a l  r a t e  o f  a i r  v e n t i l a t e d  must be a t  l e a s t  32.1 ac tua l  

The proposed standards would r e q u i r e  g r a i n  hand l ing  operat ions 
. ~ .. 

t u  meet a zero percent opac i t y  stantiard (s ix-minute average). PIS 

descr ibed i n  Sect ion 8.3, t h i s  standard app l i es  t o  g r a i n  handl ing 

. . .  equjpment . .. l oca ted  . . .,, i n s i d e  . .  . o f  . e leva to r  s t r u c t u r e s  ( u s u a l l y  h.e.adhouses), 

. 
, n 

t o  those loca ted  ou ts ide  o f  e leva to r  s t r u c t u r e s  and t o  the  e leva to r  

s t ruc tu res  themselves. 

opac i ty  data were obta ined by EPA on an e x t e r i o r  conveyor and on a 

headhouse. These observat ions were taken concurrent ly .  A l l  o f  the  

Approximately f o u r  hours o f  v i s i b l e  emission/ 

da ta ,  taken a t  15-second i n t e r v a l s ,  were no v i s i b l e  emissions. 

Separate data were no t  obta ined on every p iece  o f  g r a i n  equipment 

inc luded under g r a i n  hand l ing  operat ions.  However, t h e  items inc luded 

under t h i s  a f f e c t e d  f a c i l i t y ,  l i s t e d  i n  Sec t ion  8.2, were i n  opera t ioq  

dur ing  the t ime the  headhouse was:being observed. 

standard has been proposed ins tead o f  no v i s i b l e  emissions, Zero 

3 zero percent opaci ty  
.. . . . . . -. . .. . .. .~ .... _ _  . .. . . 
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percent opacity (six-minute average) allows the poss ib i l i ty  of s l i gh t  

emissions from the headhouse. Based on these available data and 

information, EPA believes t h a t  a zero percent opacity standard i s  

achievable and will  require the use of the best system o f  emission 

reduction (considering cos ts )  f o r  grain handling operations. 
Truck Loading , . . . . . , . , . . 

Truck loading operations a t  grain elevators  will be required 

t o  limit emissions t o  10 percent opacity under the proposed standards. 

A t o t a l  of 30 six-minute opacity averages were gathered 6y EPA 

frnm P t-nick loading operation. 

ranged from one percent t o  10 percent. 

based on these da ta .  A s  explained i n  Sectlon 8.3, E P A  believes 

tha t  a be t t e r  control system can be designed than the one observed. 

However, t h i s  operation i s  the best  technology presently avai lable  

in the f i e l d .  

Boxcar and Hopper Car Loading 

The six-minute opacity averages 

The proposed standard i s  

EPA i s  proposing a zero percent opacity l imi t  f o r  boxcar loading 

and f o r  hopper ca r  loading a t  grain elevators.  EPA believes t h a t  a 

percent opaci ty  l imi t  wil l  require the use of the best  control 

technologies, considering c o s t ,  which a r e  explained i n  Section 8.3. 

A to ta l  of 6 six-minute opacity averages were gathered by EPA 

on boxcar loading operations. 

percent t o  f ive  percent opacity. A s  explained i n  Section 8.3,  ERA 

believes t h a t  the boxcar loading operation observed could be main- 

tained i n  b e t t e r  condition aodtlhave a greater  amount of vent i la t ion.  

EPA i s  proposing a zero percent opacity standard for boxcar: loading 

based'on a t r ans fe r  o f  technology from hopper car  loading. 

These averages ranged from three 

. I__ _ . ~ .  ,.... . ... . , . . . . . , --. ~ . -  ., .. . . . . . . . . .  . . . .  .. . . .  
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A hopper car loading operation was observed by EPA personnel 

and approximately two and a half hours of vis ible  emission/opacity 

data were gathered. Ninety-nine percent of a l l  readings taken ,  a t  

15-second intervals ,  were no v i s ib le  emissions. There was no 

appreciable w i n d  during th i s  observation period. Therefore, EPA 

has proposed a zero percent opacity l imi t  t o  allow for  possible 

s l i gh t  particulate Wssions during other t h a n  ideal conditions. 

Barge and Ship Loading 

€PA observed s h i p  loading operations a t  a grain elevator and 

gathered approximately six hours of r i s i b l e  emission/opacity data. 

These data were summarized in to  67 six-minute averages. 

divided these averages i n t o  18 six-minute averages d u r i n g  the topping 

off operation and 49 six-minute averages during normal loading 

operations. 

EPA fur ther  

Topping-off i s  defined i n  the regulation as t ha t  par t  of the 

barge or ship loading operatlon which occurs within four feet of 

the t o p  of the hold. 

off operations varied greatly and the range was no visible  emissions 

t o  17 percent opacity. 

opacity. 

percent opacity d u r i n g  the topping-off period of barge and s h i p  loading 

operations. 

best  demonstrated techno1 ogy , considering cost. 

The six-minute averages taken d u r i n g  topping- 

Only one six-minute average was above 15  percent 

€PA, therefore,  i s  proposing an emission standard of 15 

The available data show t h a t  th i s  i s  achievable by the 
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The range o f  the  49 s ix-minute averages taken dur ing  normal 

load ing  operat ions was no v i s i b l e  emissions t o  9 percent opaci ty .  

Based on these data,  EPA i s  proposing an m i s s i o n  standard o f  

10 percent  opac i t y  f o r  normal barge and s h i p  loading operat ions.  

EPA has no data on load ing  g r a i n  i n t o  barges. However, EPA 

has observed barge load ing  operat ions and considers barge and sh ip  

load ing  operat ions t o  be s i m i l a r  and has concluded t h a t  the above 

mentioned standards apply  t o  barge load ing  as w e l l  as t o  sh ip  loading.  
~. . . -. . . .  

8.5 MODIFICATION AND RECONSTRUCTION CONSIDERATIONS 

Two ac t ions  t h a t  would render  an e x i s t i n g  e l e v a t o r  sub jec t  

t o  the  standards o f  performance f o r  new sources are  "mod i f i ca t i on "  

o r  " reconst ruct ion."  

have been c l a s s i f i e d  b y  EPA i n t o  e i g h t  a f fec ted  f a c i l i t i e s .  

each a f f e c t e d  f a c i l i t y  t o  be mod i f ied  o r  recons t ruc ted  w i thou t  

causing the  e n t i r e  g r a i n  e l e v a t o r  t o  be sub jec t  t o  t h e  proposed 

standards. 

a re  a l t e r e d  i n  a manner which increases a i r  p o l l u t i o n ,  t h a t  

f a c i l i t y  may become sub jec t  t o  the standards i n  accordance w i t h  

s e c t i o n  l l l ( a ) ( 4 )  o f  the Clean A i r  Act. 

A l l  o f  t h e  p o l l u t i o n  sources a t  g r a i n  e leva tors  
. . .. . -. 

This a l lows 

I f  the equipment o r  operat ions a t  an a f f e c t e d  f a c i l i t y  

Regulat ions t o  implement 

t h i s  p r o v i s i o n  have been promulgated i n  40 CFR 60 and amendments t o  these 

general p rov i s ions  were promulgated i n  40 CFR on December 16, 1975. 

Mod i f i ca t i ons  

- 

M o d i f i c a t i o n  of an e x i s t i n g  f a c i l i t y  i s  any phys ica l  change 

in, o r  change i n  the  method o f  opera t ion  o f  t h a t  f a c i l t t y  which 

requ i res  a c a p i t a l  investment and increases t h e  amount o f  p a r t i c u l a t e  
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emitted t o  the atmosphere (provided the amount of par t iculate  

emitted t o  the atmosphere increases as specified in 40 CFR 60.14(b) 

or which resul ts  in the emission of any a i r  pollutant ( t o  w h i c h  

a standard applies) into the  atmosphere no t  previously emittedd. 

Any change in a f a c i l i t y  t h a t  resu l t s  i n  an increase in the 

uncontrolled emission ra te  ( in  kilograms per hour) i s  no t  considered 

a modification i f  the emission ra te  t o  the atmosphere is  maintained 

a t  the same level by upgrading the collection system. 

increase in the emission rate to  the atmosphere can be permitted 

a t  one affected f a c i l i t y  i f  the operator can demonstrate.to the 

Administrator’s sa t i s fac t ion  t h a t  the to t a l  emission ra te  from 

a l l  exis t ing affected f a c i l i t i e s  a t  the s ta t ionary source has not  

increased. 

in the grain handling capacity of u n l o a d i n g  systems, cleaners,  

dryers,  conveyors, legs ,  scales ,  storage capacity , o r  1 oadi ng  

systems, which resu l t  in increased par t icu la te  emissions ( k g / h )  

t o  the atmosphere. 

upgrade i t s  f a c i l i t i e s  t o  take advantage of unit  t ra in  discount 

ra tes .  

Also, an 

Examples of modifications t o  elevators are increases 

This would occur i f  a g r a i n  elevator were to  

The following are  n o t  considered modifications: 

1 .  An increase i n  grain t h r o u g h - p u t  which is  accomplished 

w i t h o u t  making physical changes requiring capi ta l  

expenditure ( i . e . ,  by increasing operatinq time). 

2. Chanqes t o  an emission control system, except when the 

replacement system i s  considered l e s s  e f f i c i e n t  by 

the  Administrator. 
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3. A d d i t i o n  of storage capacity without an increase i n  

a i r  pollution. 

Reconstruction 

An "existing f a c i l i t y "  would become subject  t o  the standards of 

performance fo r  new sources upon reconstruction, i r respect ive o f  any 
change i n  emission r a t e .  Keconstruction e n t a i l s  the replacement of 

components of an exis t ing f a c i l i t y  t o  such an extent t h a t  the fixed 

capi ta l  cost  of the new components exceeds 50 percent o f  the  fixed 

capi ta l  cost  t ha t  would be required t o  construct a comparable en t i re ly  

new f a c i l i t y ,  provided it i s  technical ly  and economically feas ib le  

t o  meet the applicable standards. 

Examples of reconstruction are:  

1. Replacement of a f a c i l i t y  destroyed by f i re ,  flood, 

tornado, or other catastrophe, and 

2;. Replacement o f  a substant ia l  portion of the conveyors, 

legs, o r  other grain handling equipment with equipment 

of the same capacity. 
-. -- . -. . . - ~ 

8.6 ~ SELECTION OF MONITORING REQUIREMENTS 

Continuous opacity monitoring systems are  not required on 

the control device exhausts because estimated costs o f  procurement, 

i n s t a l l a t ion  and start-up a re  r e l a t ive ly  h i g h  (usually more than 

ten percent) compared t o  the investment costs  of the control systems 

f o r  grain elevators .  The cos ts  of monitoring were judged not t o  

be reasonable by EPA, even though enforcement o f  the standard 

would be enhanced by the in s t a l l a t ion  o f  monitors. 
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. . .  .. .- . .  

8 7 SELECTION OF PERFORMANCE TEST METHODS 

In developing the data base f o r  standards of performance fo r  

new sources and in  specifying a reference method fo r  use i n  compliance 

tes t ing ,  several factors  are of primary importance: 

( a )  The method used fo r  data gathering and the method 

subsequently es tab1 i shed as the reference .method 

must be the same, or must have a known relationship 

t o  each other. 

(b) The method s h o u l d  masure pol lutant  emissions which 

are indicative of the performance of thebbest systems 

. .  . .  . . .  - .. .. 

i of emission reduction. 
i 

( c )  The method should include methodology conducive t o  producing 

consistent and re l iab le  t es t  resu l t s .  
1 

__ - ,  . .  

For par t iculate  matter emissions from stacks,  EPA r e l i e s  primarily 

upon Method 5 which meets these three c r i t e r i a .  I: 
;i I 
I 

Method 5 was used t o  obtain the data base fo r  the par t icu la te  

emissions concentration standard f o r  new grain elevators ; however, 

the . .  method was not used exactly as prescribed i n  the Federal Register 

(EPA. NSPS, Federal: Register, s ( 2 4 7 )  : 24882-24895). The ele'ctri c 

heating'systems fo r  the probe and f i l t e r  holder were n o t  used for 

two reasons. 

streams, o f  low temperature and moisture content. 

even without the heaters,  no s igni f icant  amount of water vapor 

would condense ahead of the impingers. 

emitted in  suf f ic ien t ly  high concentrations., presents a n  explosion 

. 
. .  

F i r s t ,  the gas streams sampled were essent ia l ly  ambient 

Consequently, 

Second, g r a i n  dust ,  (par t icu la te ) ,  when 
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hazard; use o f  t h e  e l e c t r i c a l  systems presests  a poss ib le  source 

o f  acc identa l  i g n i t i o n .  

The e f f e c t  o f  operat ing t h e  sampling t r a i n  w i t h o u t  heaters 

was t h a t  the  p a r t i c u l a t e  c o l l e c t i o n  took p lace  a t  s tack (ambient) 

temperature, r a t h e r  than a t  250OF. 

i n -s tack  and ou t -o f -s tack  f i l t r a t i o n  methods (whichever method 

i s  used, t h e  c o l l e c t i o n  temperature i s  the  same) can be considered 

equ iva len t  prov ided t h a t  the  i n -s tack  f i l t e r  does n o t  apprec iab ly  

a f f e c t  v e l o c i t y  measurements and adequate leak  check procedures 

are fo l lowed.  

Thus, f o r  t h i s  type o f  source, 

I n  l i g h t  o f  t h i s ,  two re fe rence methods are  be ing  proposed f o r  

compl iaece t e s t i n g  f o r  the p a r t i c u l a t e  emissions concentrat ion 

standard a t  new g r a i n  e leva tors :  

f i l t e r  heaters o f f ,  and (2) Method 17, a m o d i f i c a t i o n  o f  Method 5 ,  

i n  which an in -s tack  f i l t e r  rep laces t h e  g lass probe and ouk-ob#stack 

(1) Method 5 w i t h  the  probe and 

- . ...- - - ..-. 
f i l t e r .  Method 17 employs t h e  same type o f  f i l t e r  and o the r  sampling 

t 

procedures asc:are used i n  Method 5. 

m o d i f i c a t i o n  o f  e x i s t i n g  equipment and, by e l i m i n a t i n g  the  need f o r  

a g lass - l i ned  probe and a r i g i d  p r o b e - t o - f i l t e r  ho lder  connection, 

r e s u l t s  in a s i m p l i f i c a t i o n  of compliance t e s t  procedures. 

Method 17 has already been proposed i n  t h e  New Source Performance 

Standards f o r  K r a f t  Pulp M i l l s .  . .- . 

Method 17 invo lves  on ly  minor 
I 
I . .  

Reference 

- . .. . . -  

Method 9 i s  the reference method which EPA has developed 

Th is  method has f o r  compliance t e s t i n g  o f  o p a c i t y  standards. 

a l ready been promulgated. 

Gra in dryers t y p i c a l l y  exhaust d i r e c t l y  from the o u t l e t  o f  the 

c o n t r o l  dev ice  t o  the atmosphere w i thou t  t h e  use o f  an exhaust stack. 

The cross sec t iona l  area of the o u t l e t s  i s  genera l l y  q u i t e  large.  
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. _. 

The result ing low veloci t ies  and unconfined flow are not amenable t o  

sampling w i t h  conventional techniques. Therefore, during the develop- 

ment o f  the standards of performance, attempts were made to  develop 

methodology which would allow representative sampling. 

could cause exhaust pressure buildup and upset the drying process, 

the procedures which were employed focused upon techniques f o r  

measuring low ve loc i t ies ,  and f o r  obtaining reoresentative samples 

unaffected by crosswinds. Both a h o t  wire anemometer, and soecial 

p i to t  tube technique were used in  attempts t o  accurately measure 

velocitv. 

perpendicular t o  the exhaust ou t l e t  t o  serve as a mini-stack. 

was conducted a t  the center of the duct section while the duct section 

was traversed across the control device o u t l e t .  Based upon the 

experience gained during two tests employing these techniques, i t  was 

concluded tha t  sampling resu l t s  of acceptable accuracy could not be 

Since hooding 

A three-foot section of 12-inch diameter duct  was placed 

Sampling 

obtained. Both the problem of crosswinds, and the stromq vert ical  
. . .~ .~ . - 

I component present in the exhaust gas flow which varies from source t o  
I 

1 source were ident i f ied as primary factors  preventing obtainment of 

representative samples. 

. .  . 

8-47 



A P P E N D I X  A 

EVOLUTION OF THE PROPOSED STANDARDS 
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APPENDIX B 

INDEX TO ENVKRONMENTAL IMPACT CONSIDERATIONS 

. 



_. 
inis index cons is ts  o f  a re fe rence system, cross-indexed 

w i t h  t h e  October 21, 1974, FEDERAL REGISTER (39 FR 37419) con- 

t a i n i n g  t h e  Agency guide l ines concerning t h e  preparat ion o f .  

Environmental Impact Statements. This index can be used t o  

i d e n t i f y  sect ions o f  t h e  document which conta in  data and 

in fo rma t ion  germane t o  any p o r t i o n  o f  these FEDERAL REGISTER 

guide l ines.  
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EMISSION SOURCE TEST DATA SUMMARY 

INTRODUCTION 

T h i s  section presents the summaries of the par t iculate  source 

t e s t s  c i ted  i n  Chapter 5. 

mass par t icu la te  data and fo r  v i s ib l e  emission data i s  described. 

The f a c i l i t i e s  a re  ident i f ied by the same coding tha t  i s  used i n  

Chapter 5. 

mass par t icu la te  source t e s t  data from grain dryers a re  presented in 

s u m r i z e d  form i n  Chapter 5. 

In addition, each f a c i l j t y  tested for 

All of the vis ible  emission/opacity data and the 

EPA Reference Method 5, promulgated i n  t h w h d e r a l  Register 

on December 23, 1971 (36 FR 24877), was used to gather the data 

t o  support the proposed par t icu la te  standards. 

used exactly a s  prescribed in the Federal Register. 

heatina systems fo r  the probe and f i l t e r  holder were not used 

because the gas streams sampled were of low temperature and moisture 

content and grain d u s t  (par t icu la te  matter) presents a possible 

Method 5 was not 

The e lec t r ica l  

explosion hazard. 

DESCRIPTION O F  FACILITIES AND SUMMARY OF RESULTS 

A. Faci l i ty  A i s  a truck unloading s ta t ion  a t  an inland 

terminal elevator w i t h  a shed with one open end and a deep 

receiving hopper. 

trucks can be unloaded a t  the same time. 

hoppers are ventilated to  a fabr ic  f i l t e r .  

l a t e  t e s t s  of the fabr ic  f i l t e r ,  corn was the only grain unloaded 

The process was operating normally. 

I t  has two lanes ,  side by side, so tha t  two 

Both receiving 

During t h e  particu- 

A rectangular extension was 
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added to  the fan exhaust and three par t icu la te  samples were 

coll ected. 

Corn and soybeans were being unloaded d u r i n g  the v is ib le  

emission/opacity t e s t s  which were conducted a t  a l a t e r  date 

than when the  par t icu la te  t e s t s  of the f a b r i c  f i l t e r  were run .  

Both fug i t ive  par t icu la te  emissions and emissions from the fabr ic  

f i l t e r  were observed. 

can be found i n  Chapter 5. 

A summary of the v i s ib l e  emission data 

B. Faci l i ty  B i s  a truck unloading s t a t ion  a t  a soybean 

processing plant w i t h  a shed with two open ends. 

hopper i s  undersized so there i s  some choke-feed e f f ec t .  

receiving hopper i s  vent i la ted to  a fabr ic  f i l t e r  located 

beside the unloading shed. Only soybeans a r e  unloaded a t  this 

f a c i l i t y .  Normal unloading operations were maintained. Three 

par t icu la te  samples were collected. 

The receiving 

The 

Visible emission/opacity observations were made a t  the 

fabric  f i l t e r  exhaust a t  a l a t e r  date t h a n  when the par t icu la te  

t e s t s  were run .  

i s  included i n  Chapter 5. 

A summary of the v is ib le  emission data obtained 

C.  Fac i l i ty  C is a railroad boxcar unloading s ta t ion  a t  

a po r t  terminal elevator.  

by a shed w i t h  quick-closing doors a t  each end. 

hopper i s  ventilated t o  a fabr ic  f i l t e r .  

end of the shed remained open d u r i n g  the par t icu la te  tes t ing  

of the fabr ic  f i l t e r .  

I t  i s  a two-laned f a c i l i t y  enclosed 

The receiving 

The doors a t  one 

The process was operating normally during 
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the tes t ing  period and wheat was the only grain unloaded. 

par t iculate  samples were collected a t  the i n l e t  and ou t l e t  of 

the fabric  f i l t e r .  

Three 

Fugitive v i s ib l e  emissionlopacity observations were con- 

ducted a t  a l a t e r  date than the par t icu la te  testing a t  t h i s  f a c i l i t y .  

Both doors on the ends of the shed were kept closed, d u r i n g  the 

unloading operation, throughout the  observation period. 

includes a summary of the v is ib le  emission data obtained a t  this 

f a c i l i t y .  

Chapter 5 

0. Faci l i ty  D is  barge unloading equipment a t  a port 

terminal e levator .  The leg,  receiving hopper, and conveyor 

b e l t  t ransfer  points are  p a r t i a l l y  enclosed and are  ventilated 

t o  a fabr ic  f i l t e r .  Three par t icu la te  samples were collected 

a t  the ou t l e t  of the fabr ic  f i l t e r .  

the f i r s t  par t icu la te  test and corn was unloaded d u r i n g  the 

l a s t  two t e s t s .  The leg was operating a t  full capacity throughout 

the tes t ing  period. 

Wheat was unloaded during 

Fugitive v i s ib l e  emission/opaci t y  observations were taken 

concurrently w i t h  the  par t icu la te  t e s t s .  

n o t  qualified to  read opacity a t  t h i s  time. 

d a t a  obtained a t  this f a c i l i t y  a r e  summarized i n  Chapter 5 .  

The opacity reader was 

The v is ib le  emission 

E. Faci l i ty  E is  barge unloading equipment a t  a port  terminal 

elevator.  The leg and receiving hopper a re  f u l l y  enclosed and the 

conveyor t ransfer  points are hooded. These grain handling equipment 
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are ventilated t o  a fabr ic  f i l t e r .  The leg operated a t  f u l l  

capacity t h r o u g h o u t  the tests as barges of soybeans and corn 

were unloaded. 

f i l t e r  i n l e t  and out le t .  

Three par t iculate  samples were collected a t  the 

Fugitive v is ib le  emission/opacity observations were taken 

concurrently w i t h  the par t iculate  t e s t s .  

was not qual i f ied to  read opacity a t  this time. 

was a lso forced t o  face into the sun because of the location 

of the r iver .  

i n  Chapter 5. 

F. 

The opacity reader 

The observer 

-_ 
The v is ib le  emission data obtained are summarized 

Faci l i ty  F consists of three conveyor be l t s  under the 

storage bins a t  a port  terminal elevator.  

hooded along their entire lengths. 

ventilated to  a fabr ic  f i l t e r  from several points along the hooding 

system and from where the grain t ransfers  t o  the elevator legs. 

The process was operating normally w i t h  one conveyor b e l t  carrying 

grain during the par t iculate  tests. Five par t iculate  samples 

were collected a t  the fabr ic  f i l t e r  ou t l e t .  Milo was handled 

during the f i r s t  four t e s t s  and wheat was handled d u r i n g  the 

f i f t h  t e s t .  The results of the fourth test  are exceptionally 

high due t o  the apparent contamination of the milo tes ted.  

The conveyor be l t s  are 

The conveyor system i s  

G .  Faci l i ty  G is  a conveyor b e l t  system transferr ing grain 

from truck receiving hoppers t o  an elevator  leg .  

system is ventilated to  a fabr ic  f i l t e r  from the points where 

the grain drops from the hoppers onto the b e l t  and where the 

grain discharges in to  the leg. 

The conveyor 

The conveyor belt has no hooding 

./ 
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system. 

operated normal ly.  

a t  the  f a b r i c  f i l t e r  o u t l e t .  

Corn was handled dur ing  t h e  t e s t s  and the  process 

Three p a r t i c u l a t e  samples were c o l l e c t e d  

H. F a c i l i t y  H i s  a wheat c lean ing  system a t  a f l o u r  m i l l .  

Several p ieces o f  c leaning equipment used t o  separate chaf f ,  d i r t ,  

weed seeds, f o re ign  gra ins and unsound kernels from the wheat 

are v e n t i l a t e d  t o  a f a b r i c  f i l t e r .  

a t  capaci ty  du r ing  the  p a r t i c u l a t e  emission tes ts .  

p a r t i c u l a t e  samples were c o l l e c t e d  a t  the  f a b r i c  f i l t e r  o u t l e t .  

The c leaning system operated 

Three 

I .  F a c i l i t y  I i s  a corn c leaner  a t  an i n l a n d  te rmina l  

e leva tor .  

po in ts  where the corn enters  and leaves the  cleaner. 

p a r t i c u l a t e  sample cou?d be c o l l e c t e d  s ince the c leaner  i s  operated 

i n f requen t l y .  

du r ing  the p a r t i c u l a t e  emission t e s t .  

The c leaner  i s  v e n t i l a t e d  t o  a f a b r i c  f i l t e r  from t h e  

Only one 

The c leaner  was operated a t  maximum capaci ty  

J .  F a c i l i t y  J i s  a sh ip  l oad ing  s t a t i o n  a t  a p o r t  te rmina l  

e leva to r .  

s i x  inches o f  the g ra in  surface and t h e  ends o f  the spouts are 

v e n t i l a t e d  t o  a f a b r i c  f i l t e r .  

and wheat was being loaded. Three p a r t i c u l a t e  samples were 

c o l l e c t e d  a t  the  f a b r i c  f i l t e r  o u t l e t .  

Telescoping l oad ing  spouts were m i n t a i n e d  w i t h i n  

The process operated normal ly  

F u g i t i v e  v i s i b l e  emis$ion/opaci ty observat ions were taken 

a t  a l a t e r  date than when the  p a r t i c u l a t e  emission t e s t s  were run. 

Two ships were observed wh i l e  wheat was being loaded. 

loading, general l oad ing  and “ topping-of f ’ ’  operat ions were observed. 

A summary o f  the  v i s i b l e  emission data f r o m  t h i s  f a c i l f t y  i s  inc luded 

i n  Chapter 5. 

Star t -up 
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K. Faci l i ty  K i s  a ra i l road boxcar and hopper car  loading 

s t a t i o n  a t  an inland terminal elevator.  

enclosed i n  a shed with two open ends. 

located beside the rai l road track and surrounds the loading 

spout for  boxcars. 

the center of the,hopper cars t o  co l lec t  par t icu la te  matter 

from the hopper car  loading operation. 

are then ventilated to  a fabr ic  f i l t e r .  

samples were collected from the fabr ic  f i l t e r  ou t le t .  

corn, milo and soybeans were loaded during the t e s t s .  

loading operation proceeded normally. 

The loading area is  

A stat ionary hood is  

A long rectangular hood i s  located above 

These hooding systems 

Three par t icu la te  

Wheat, 

The 

L. Faci l i ty  L i s  a rack grain dryer controlled by a 

screen f i l t e r  w i t h  150 micron diameter openings. 

being dried and the process was operating normally. 

Corn was 

Chapter 5 ,  

Section 5.2 discusses the resu l t s  o f  this par t icu la te  emission t e s t .  

Fac i l i ty  M is a colum grain dryer controlled by a M. 

screen f l l t e r  w i t h  300 micron diameter openings. 

dried and the process was operating normally. 

discusses the r e su l t s  o f  this par t icu la te  emission t e s t .  

Corn was being 

Chapter 5, Section 5.2  

N.  Faci l i ty  N is a truck unloading s t a t ion  a t  a port 

terminal e levator .  

fabr ic  f i l t e r  and i s  enclosed i n  a shed w i t h  one open end. 

The opposite end i s  equipped with quick-closing doors which are  

kept closed during the unloading operation. Unloading of wheat 

proceeded normally during the fugi t ive v is ib le  emission/opacity 

The receiving hopper i s  ventilated t o  a 
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observation period. These data a re  summarized in  Chapter 5. 

0. Faci l i ty  0 i s  a headhouse and exter ior  conveyor system 

(grain handling operations) located a t  a p o r t  terminal elevator.  

Wheat was be ing  unloaded, transferred and cleaned w i t h i n  the 

headhouse d u r i n g  the fugi t ive v i s ib l e  emission/opaci ty observation 

period. 

controlled by hooding systems ventilated t o  fabr ic  f i l t e rs .  

The cleaner, however, was an enclosed u n i t  w i t h  no vent i la t ion.  

A summary of the fugi t ive v is ib le  emission data f o r  this f a c i l i t y  

i s  included i n  Chapter 5. 

The individual peices of handling equipment were generally 

P. Faci l i ty  P is a soybean meal truck loading s ta t ion  a t  

a soybean processing plant. 

a shed w i t h  one open end. 

then loaded w i t h  soybean meal through a loading spout equipped 

w i t h  a canvas sleeve. There was a vertical  f ree-fal l  distance 

of about ten t o  twelve feet from the spout t o  the empty truck 

bed. 

f i l t e r .  

The truck loading s ta t ion  included 

Trucks backed into the shed and were 

The shed was ventilated by an eight-inch duct t o  a fabr ic  

A summary of the fugitive v is ib le  emission data fo r  

this f a c i l i t y  is  included i n  Chapter 5. 

Q. Faci l i ty  Q i s  a railroad boxcar loading s t a t ion  a t  an 

inland terminal elevator.  The boxcar loading shed has two 

open ends and is  long enough t o  a c c o m d a t e  two r a i l ca r s  on each 

of the two tracks inside the shed. The boxcar loading system i s  

on one side o f  the shed. The loading spout  i s  forked and curved 
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t o  d i s t r ibu te  the grain into the f ront  and back of the boxcar. 

A small building-like s t ruc ture  encloses the  loading s p o u t  and 

extends to within s i x  inches of  the s ide  o f  the boxcar. The  

sides of t h i s  enclosure have hinged doors equipped w i t h  rubber 

flaps to  seal the s ides  t o  the boxcar. 

t o  a fabr ic  f i l t e r .  

v is ible  emission observation period. 

summarized i n  Chapter 5. 

The enclosure i s  ventilated 

Barley was being loaded d u r i n g  the fugi t ive  

The data collected are 

R. Faci l i ty  R i s  a radlroad hopper ca r  loading s t a t ion  a t  an 

i n l a n d  terminal e levator .  

special loading s p o u t  and hooding system located above the hopper 

openings of the r a i l ca r .  

lowered and is ventilated t o  a fabr ic  f i l t e r .  The shed has 

two tracks running through i t .  

data collected a re  summarized i n  Chapter 5. 

I t  includes a shed w i t h  two open ends and  a 

T h i s  hooding system can be raised or  

The fugi t ive vis ible  emission 

S. Faci l i ty  S is  a 2500 bushel/hr cy l indr ica l ly  shaped 

column grain dryer located a t  a country elevator .  

plate  hole diameters are  a s e r i e s  of s i zes  from t o p  t o  bottom; 

,078 inch, . E 2 5  inch and .056 inch. Normal drying of  corn was 

maintained d u r i n g  the v is ib le  emission observation period. The 

vis ible  emission data obtained a t  this f a c i l i t y  are  summarized 

i n  Chapter 5. 

T. 

The perforation 

~ 

Faci l i ty  T i s  a 3500 bushel/hr cy l indr ica l ly  shaped 

column grain dryer a t  a country elevator.  

hole diameters are  o f  two d i f fe ren t  s izes .  

The perforation p la te  

The top half  has hole 
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diameters of .0625 inch and the lower half has hole diameters of .050 

inch. 

the observation period. 

included in Chapter 5. 

Corn was being dried and n o n a l  operation was maintained during 

A summary o f  the v is ib le  emission data i s  

U. Faci l i ty  U is a column grain dryer rated a t  4000 bushels/hr 

located a t  a country elevator.  

through one s ide  o f  the s t ructure .  

a re  .084 inch and are  the same s i z e  over the height of the columns. 

u n i t  has four grain columns w i t h i n  the s t ructure .  Normal operation 

was ma in ta ined  while corn was being dried. 

from this f a c i l i t y  a re  summarized i n  Chapter 5. 

I t  i s  rectangular i n  shape and exhausts 

The perforation plate  hole diameters 

This 

The v i s ib l e  emission data 

V.  Faci l i ty  V is a 1000 bushel/hr column grain dryer located a t  

a country elevator.  

p la te  hole diameters of .084 inch. 

this dryer. 

n o n a l  drying operation was maintained. 

emission data from this dryer is included i n  Chapter 5. 

W .  

I t  is  rectangular i n  design and has perforation 

There a r e  three grain columns in 

Corn was being dr ied  during the observation period and 

A summary o f  the v i s ib l e  

Fac i l i ty  W is a rack grain dryer located a t  a country elevator.  

Corn was being dried d u r i n g  the observation period. 

maintained. 

devices. 

Normal operation was 

This dryer was not equipped with any a i r  pollution control 

A summary of the v i s i b l e  emission data i s  included i n  Chapter 5. 

X. Faci l i ty  X is a 2500 bushel/hr rack grain dryer located a t  a 

soybean processing plant.  

t ion period. Normal operation was maintained. T h i s  dryer was equipped 

w i t h  a 50 mesh vacbum-cleaned screen f i l t e r .  

emission data i s  included i n  Chapter 5. 

Soybeans were being dried durina the observa- 

A summary of the v is ib le  
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Y. Faci l i ty  Y is a 2500 bushel/hr column grain dryer located a t  

a soybean processing plant .  

p la te  hole diameters of .08 inch. 

observation period and normal drying operation was maintained. 

of the v is ib le  emission data from t h i s  dryer i s  included in Chapter 5. 

I t  is  rectangular i n  design and has perforation 

Soybeans were being dried dur ing  the 

A summary 
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TABLE C-1 

FACILITY A(’) 

Summary o f  Part iculate  Emission Data fo r  Fabric F i l t e r  

Run Number 1 2 3 Average 

Date 3 f 20172 3/21 f 72 3/22/72 

Test Ti!??? - !!;..tes go 180 180 

Stack Effluent 

Flow r a t e  - ACFM 13,486 13,436 13,512 13,478 

Flow r a t e  - DSCFM 13,357 13,331 13,944 13,544 

Temperature - O F  66.1 .55.6 40.0 53.9 

Water vapor - Vol. % .1 .5 0.0 0.2 

Pa r t i cu la t e  Emissions 

Probe and f i l t e r  catch 

g r/ DSCF 0.00549 0.00187 0.001 46 0.00294 

gr/ACF 

l b / h r  

Total catch 

gr/DSCF 

gr/ACF 

l b / h r  

0.00186 0.00150 0.00290 0.00535 

0.628 0.213 0.167 0.336 

0.00552 0.00262 0.00216 0.00343 

0.00546 0.00260 0.00222 0.00343 

0.628 0.293 0.251 0.391 
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TABLE C-2 

FACILITY 8'') 

Summary of Par t icu la te  Emission Data f o r  Fabric Filter . 
Run Number 1 2 3 Average 

Date 8/8-9172 8/9/72 8110172 

Test Time - Minutes 114 116 112 114 

Stack Effluent 

Flow rate - ACFM 11,743 10,845 10,117 10,902 

Flow r a t e  - DSCFM 10,926 9,959 9,559 10,148 

Temperature - "F 83.1 95.6 71.8 83.5 

Water vapor - Vol.  % 2.0 1.7 2.1 1.9 

Pa r t i cu la t e  Emissions 

Probe and f i l t e r  catch 

gr/ DSCF 

gr/ACF 

lb /hr  

Total catch 

gr/  OSCF 

gr/ACF 

lb /h r  

0.0067 

0.0062 

0.62 

0.0093 

0.0087 

0.86 
- 

C-13 

0.0097 0.0019 0.0061 

0.0089 0.0018 0.0056 

0.83 0.17 0.54 

0.025 0.0035 0.01 26 

0.023 0.0033 0.0117 

2.13 0.31 1.1 
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TABLE C-3 

FACILITY C ( 3 )  

Summary o f  Par t icu la te  Emission Data f o r  Fabric F i l t e r  

Run Number 1 2 3 Average 

Date 10/2/73 1013173 1014173 

Stack Effluent 

Flow r a t e  - ACFM 18,927 19,222 19,462 19,204 

Flow r a t e  - DSCFM 19,336 19,676 19,877 19,629 

Temperature - "F 60.9 60.6 59.2 60.2 

Water vapor - Vol. % 0.9 0.9 0.9 0.9 

P a r t i c u l a t e  Emissions 

Probe and f i l t e r  catch 

grIDSCF 0.00073 0.00052 0.00042 0.00056 

gr/ACF 0.00075 0.00053 0.00043 0.00057 

l b l h r  0.12 0.09 0.07 0.09 

Total catch 

gr/  DSC F 

gr/ACF 

0.00124 0..00105 0.00058 0.00096 

0.00098 0.00127 0.00108 0.00059 

Ib/hr  0.21 0.18 0.10 0.16 
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TABLE C-4 

FACILITY D ( 4 )  

Sumnary of Par t icu la te  Emission Data For Fabric Fs'lter 

Run Number 

Date 

Test Time - Minutes 

Stack Effluent 

Flow rate - ACFM 

Flow rate - DSCFM 

Temperature - "F 

Water vapor - Vol. % 
. .  

Par t i cu la t e  Emissions 

Probe and f i l t e r  catch 

gr/OSCF 

gr/ACF 

lb /h r  

Total catch 

g r/ DSCF 

gr/ACF 

1 b / h r  

1 

10/17/72 

148 

21,704 

20,200 

80.0 

2.40 

.O. 00392 

0.00365 

0.687 

0.00677 

0.00630 

1'. 172 

' C-15 

2 

10/18/72 

108 

21,416 

20,200 

75.0 

2.29 

0.00277 

0.00261 

0.485 

0.00449 

0.00423 

0.768 

3 

10/18/72 

108 

20,495 

19,800 

74.9 

2.34 

0.00932 

0.00880 

1.584 

0.0125 

0.0118 

2.12 

Average 

121 

21,205 

20,067 

76.5 

2.34 

0.00534 

0.00502 

0.92 

- 

0.0079 

0.0074 

1.35 

-.. . . .. 
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TABLE C-5 

FACILITY E ( 5  

Sumnary of Par t icu la te  Emission Data For Fabric Filter 

Run Number 1 2 3 

P 

Date 10/30/73 10/30/73 10/31/73 

Stack Effluent 

Flow r a t e  - ACFM 

Flow rate - DSCFM 

36,196 39,004 40,533 

36,160 37,752 36,751 

Temperature - O F  68.8 84.8 84.6 

Mater vapor - Vol. % 0.8 0.5 1.1 

Pa r t i cu la t e  Emissions 

Probe and f i l t e r  catch 

gr/DSCF 0.0212 0.0340 0.0219 

gr/ACF 0.0211 0.0329 0.0209 

l b / h r  6.56 11.01 7.27 

Total catch 

gr/DSCF 0.0214 0.0344 0.0223 

gr/ACF 0.0214 0.0333 0.0213 

lb/hr  6.65 11.15 7.40 

Average 

38,578 

37,554 

79.4 

0.8 

0.0257 

0.0250 

8.28 

0.0261 

0.0253 

8.40 
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TABLE C-6 

FACILITY F ( 6 )  

Summary of Par t iculate  Emission Data For Fabric F i l t e r  

Run Number 1 

Date 1/10/73 

Test Time - Minutes 80 

Stack Effluent 

Flow ra te  - ACFM 10,891 

Flow r a t e  - DSCFM 11,038 

lemperature - =F 62 

Water vapor - Vol. % 0.8 

Par t icu la te  Emissions 

Probe and f i l t e r  catch 

gr/DSCF 

gr/ACF 

lb /hr  

Total catch 

gr/OSCF 

gr/ACF 

l b / h r  

2 

1 /10/73 

80 

10,906 

10,998 

64 

1 .o 

3 

111 0173 

80 

11,438 

11,543 

64 

0.9 

0.000034 0.000045 0.000021 

0.000034 0.000045 0.000021 

0.0031 9 0.00422 0.00211 

0.00138 0.00152 0.000596 

0.00138 0.001 52 0.00060 

0.13 0.14 0.059 
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TABLE C-7 
(6) FACILITY F 

Sunmary o f  P a r t i c u l a t e  Emission Data  For Fabr ic  F i l t e r  . 

Run Number 4 5 Average 

Date 1/11/73 111 1/73 

Stack E f f l u e n t  

F l o w  r a t e  - ACFM 10.895 11,134 11,053 

F l o w  r a t e  - DSCFM 11,066 11,275 11,184 

Temperature - O F  62 62 62.8 

Water vapor - V o l .  % 0.6 0.9 .8 

P a r t i c u l a t e  Emissions 

Probe and f i l t e r  catch 

gr/DSCF 0.0347 0.000126 0.0020 

gr/ACF 0.0352 0.000128 0.0070 

l b / h r  3.29 0.012 0.66 

Tota l  ca tch  

gr/OSCF 0.0349 0.000783 0.0078 

gr/ACF 0.0354 0.000793 0.0080 

l b / h r  3.31 0.075 0.74 
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TABLE C-8 

FACILITY G(’)  

Summary of Par t iculate  Emission Data For Fabric F i l t e r  

Run Number 1 2 3 

P 

Date 3/22/72 3/23/72 3/24/72 

Test Time - Minutes 180 180 1 80 

Stack Effluent 

Flow ra t e  - ACFM 6,489 6.493 6,369 

Flow rate - DSCFM 6,620 6,599 6.557 

Temperature - O F  45.0 51.8 40.0 

Water vapor - Vol. % 0.0 0.0 0.0 

Par t icu la te  Emissions 

Probe and f i l t e r  catch 

gr/OSCF 0.001 44 0.00108 0.000305 

gr/ACF 0.00147 0.00110 0.00031 8 

l b / h r  

Total catch 

gr/DSCF 

gr/ACF 

l b / h r  

0.0794 0.0594 0.0133 

0.00214 0.00169 0.000567 

0.00219 0.00172 0.000592 

0.119 0.0924 0.0266 

c-19 

Average 

180 

6,450 

6,625 

45.6 

0.0 

0.00094 

0.00096 

0.0507 

0.00147 

0.00150 

0.079 



TABLE C-9 

FACILITY H ( 7  

Sumnary o f  Par t icu la te  Emission Data For Fabric Filter 

Run Number 1 2 3 

Date 4/23/73 4/24/73 ,4124173 

Stack Effluent 

Flow r a t e  - ACFM 19,978 20,709 19,205 

Flow rate - DSCFM 18,898 19,188 17,878 

Temperature - O F  81.5 93.5 93.3 

Water vapor - Vol. % 1.6 2.1 1.7 

Pa r t i cu la t e  Emissions 

Probe and f i l t e r  catch 

gr/DSCF 0.0040 0.0014 0.001 9 

gr/ACF 

lb /h r  

Total catch '  

gr/OSCF 

gr/ACF 

1 b/hr 

0.0040 0.0013 0.0018 

0.66 0.22 0.29 

0.0067 0.0047 0.0051 

0.0066 0.0045 Q .0049 

1.09 0.77. 0.78 

Average 

120, : 

19,964 

18,555 

89.4 

1.8 

0.0024 

0.0024 

0.39 

0.0055 

0.0053 

0.88 
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TABLE C-10 

FACILITY I (8 )  

Sumnary of Par t iculate  Emission Data For Fabric F i l te r .  

Run Number 1 

Date 1011 6/73 

Test Time - Minutes 105 

Stack Effluent 

Flow ra t e  - ACFM 3,857 

Flow r a t e  - DSCFM 3,826 

Temperature - O F  59.0 

Water vapor - Vol.  % 2.3 

Par t icu la te  Emissions 

Probe and f i l t e r  catch 

gr/GSCF 

gr/ACF 

1 b / h r  

Total catch 

gr/DSCF 

gr/ACF 

l b / h r  

0.00277 

0.00275 

0.09 

0.00397 

0.00393 

0.13 

c-21 
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TABLE C-11 

FACILITY J(3)  

Sumnary of Par t icu la te  Emission Data f o r  Fabric F i l t e r  

Run Number 1 2 3 

Date 10/5/72 1015172 1016172 

Stack Effluent 

Flow r a t e  - ACFM 21,956 20,186 19,662 

Flow r a t e  - DSCFM 22,510 20,223 19,582 

Temperature - “F 54.8 56.5 58.5 

Water vapor - Vol. % 0.5 0.9 1.1 

Pa r t i cu la t e  Emissi ons 

Probe and f i l t e r  catch 

gr/DSCF 0.00082 0.00082 0.00103 

gr/ACF 0.00084 0.00082 0.00103 

1 b/hr 0.16 0.14 0.17 

Total catch 

g r/OSC F 0.001 00 0.00099 0.00270 

gr/ACF 0.00102 0.00099 0.00269 

l b / h r  0.19 0.17 0.45 

.. 
Average 

20,602 

20,772 

56.6 

0.83 

0.00089 

0.00089 

0.16 

0.00156 

0.00157 - 
0.27 
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TABLE C-12 

FACILITY K ( 8 )  

Sumnary of Par t icu la te  Emission Data For Fabric F i l t e r  

Run Number 1 

Date 10/16/73 

Test Time - Minutes 160 

Stack Effluent 

Flow r a t e  - ACFM 6,136 

Flow r a t e  - DSCFM 6,099 

Temperature - .  O F  65.0 

Water vapor - Vol. % 0.8 

Pa r t i cu la t e  Emissions 

Probe and f i l t e r  catch 

gr/GSCF 0.0041 1 

gr/ACF 0.00408 

lb /hr  0.21 

Total catch 
? 

gr/DSCF 0.00558 

gr/ACF 0.00555 

l b / h r  0.29 

C-23 

2 

1011 7/73 

160 

5,064 

4,926 

75.0 

0.8 

0.00824 

0.00801 

0.35 

0.01 41 1 

0.01372 

0.60 

3 

1011 7/73 

160 

4,982 

4,782 

80.0 

1 .o 

0.01 109 

0.01064 

0.45 

0.01796 

0.01723 

0.74 

Average 

160 

5,394 

5,269 

73.3 

0.87 

0.00781 

0.00758 

0.34 

- 

0.01 255 

0.01217 

0.54 
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METHODOLOGY FOR ESTIMATING THE IMPACT 
OF GRAIN ELEVATOR FACILITIES ON A I R  QUALITY 

P a r t i c u l a t e  emlssions from a g r a i n  e leva to r  f a c i l i t y  are complex. 

The emissions a r e  genera l l y  d i s t r i b u t e d  over a h o r i z o n t a l  area o f  

approximately 100 x 250 meters. 

(Table D-1) t y p i c a l l y  a re  w ide ly  d i s t r i b u t e d  over t h a t  area, b u t  no 

o ther  genera l i za t ions  can be made about the  phys ica l  l a y o u t  o f  such 

sources o the r  than t h a t  they are near ground l e v e l .  The o the r  operat ions 

are n o t  as w ide ly  d i s t r i b u t e d .  

r e s u l t  i n  emissions a t  several  he ights ,  ranging from near ground 

l e v e l  t o  about 60 meters above ground l e v e l .  

emission h e i g h t  f o r  each g ra in  e leva to r ,  operat ion,  and l e v e l  o f  

emission c o n t r o l  i s  l i s t e d  i n  Table D-1. 

Receiv ing and sh ipp ing  operat ions 

The handl ing and c lean ing  operat ions 

An est imated average 

There are e s s e n t i a l l y  no we l l -de f ined stacks a t  such f a c i l i t i e s .  

Most o f  t h e  emissions are  e i t h e r  f u g i t i v e  i n  nature o r  a re  emi t ted  

from vents and c o n t r o l  devices at tached t o  o r  near the  g r a i n  e l e v a t o r  

bu i l d ings  a t  var ious he igh ts .  A l l  emissions are near ambient tem- 

peratures.  

regions o f  aerodynamic downwash a t  such f a c i l i t i e s .  Thus, e f f l u e n t  

plume r i s e  can be assumed t o  be n e g l i g i b l e .  

The few stacks t h a t  do e x i s t  appear t o  be w e l l  w i t h i n  the  

To est imate t h e  impact o f  such f a c i l i t i e s  on a i r  q u a l i t y ,  i t  

was f i r s t  necessary t o  choose an appropr ia te  atmospheric d ispers ion  

model and t o  conso l ida te  the source in fo rmat ion  contained i n  t h e  

above d iscuss ion and Table D-1 i n t o  a form s u i t a b l e  f o r  i n p u t  t o  the  

D-2 



. . __. 

Contml 

2 . system 2 Helqhl Rate 

None * None Average 
1 - System 1 f m l s s i o n  fmlsslor 

rain Elevator Ooeratlon 3 = system 3 

1 1.1 
2 

3.2 
3 

None 

7 . 5  . I 1  
1.5 .ll 

46 
16 .51 

(Models 1. 2 and 
Rice Dryersj 

Recelvlng 

5 .91 
.32 

7.5  . l l  
.11 

None 46 1.0 
1 46 .l: 

46 .l: 
.11 

2 
46 

2.2 
3 

3 None 
1 21 .2: 

2 1  . 0: 
.o; 2 

3 23 
5 13.0 Hone 
5 1.9' 
5 1.9 . 1  

.6 
2 
3 5 

5 5.8 None 
1 7.5  1.0 
2 7.5 .o 

::: 2.9 1 
7.5 2 
7 .5  3 

46 None 
1 46 .6 
2 46 .6 
3 46 .6 

3 1 . 3  None 
1 23 1.1 

' 23 .1 
.1 2 

3 21 
5 13 none 

1 5 1.94 
5 1.94 

.65 
2 

5 3 
None 5 

7 . 5  . 2.16 
.22 

1 
7 . 5  

22 2 
7 . 5  

None 
7.5  1 .6  1 
7 . 5  .4 

.4 
2 
3 7 . 5  

1 46 .7 

2 
O w l  nq 3 5 

Recetvi ng 3 7 .5  

none 1 .5  
Rlgh  Through-put 1 1 .5  l E 2  

2 
(Models 3 and 4)  

Hdndllng 

Cleaning 

Drylng 

Shlpplnq 3 7 . 5  .o 
None 11 

.29 

.29 

l 7 X ' T e t m i n a l  
Elevator  
(*del 5) 

140 Recelvlng 

Hand1 ing 

Cleaning 

44 Wing 

l . S W  
ShlDDlng 3 

P o r t  mi "dl 
E 1 e v a  tor 
(Modcl 6) 

140 Recelving 
None 46 

0-3 
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model. 

the Single Source (CRSTER) Model. 

da ta ,  the model estimates maximum 1-hour, 3-hour, 24-hour, and annual 

ground-level concentrations. I t  must be realized tha t  the short-term 

values are  the maximums for  the year i n  question. 

the maximum values will  l i ke ly  be somewhat higher. due to  d i f f e ren t  

sequences of meteorological conditions. 

The dispersion estimates were made through application of 

Given a year of hourly meteorological 

During cer ta in  years 

The formulation of an appropriate s e t  of source input data for  
- . ̂ . the model was simpiiTiea by L k  i a i t  t h a t  there i s  ix :ign;f!ca!?t 

plume r i s e  from the source. Thus, i t  was only necessary to  account fo r  

the f a c t  t h a t  the par t icu la te  "plume" from such a f a c i l i t y  has 

a f i n i t e  i n i t i a l  w i d t h  and thickness. 

In estimating the appropriate " i n i t i a l  plume width," i t  i s  

recognized tha t  the actual points of emission due t o  each operation 

are  not d i s t r ibu ted  over the e n t i r e  100 x 250 meter area discussed 

e a r l i e r .  However, once the e f f luents  leave t h e i r  respective sources, 

they are  probably subjected t o  considerable turbulent mixing due to  

the presence o f  large s t ruc tures  and are  l i ke ly  to  be dispersed over 

much of  the above-mentioned area.  

operations a re  assumed t o  be d is t r ibu ted  over the e n t i r e  area. 

The i n i t i a l  plume width i n p u t  t o  the Single Source Model was based on 

t ha t  assumption. 

was used fo r  a l l  cases (Table 0-2) and fo r  a l l  wind  direct ions.  

Therefore. e f f luents  from a l l  

The smaller of the two f a c i l i t y  dimensions (100 meters) 

In 
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Table 0-2. Emission Rate, Average Emisson Height (weighted 
by emission rate) ,  and Assumed I n i t i a l  Plume 

Level o f  Emission Control 
. Dimensions f o r  Each Type o f  Grain Elevator and 

. 
Assumed Assumed 

Total Average I n i t i a l  I n i t i a l  
Type o f  Level o f  Emi ssi  on Emission P1 ume Plume 
Grain Emi  s s i  on Rate Height Thickness Width 

.. Elevator Control (g/sec) (d (m) (m) 

None 19.7 10 20 
Country 1 3.3 13  25 
Elevator 2 1 . 2  7.4 15 

3 0.55 9.8 20 
100 
100 

None 47.6 9.5 20 100 
H i g h  1 4.7 8.3 15 100 
Through-  2 2.3 7.8 15 100 

3 1 .o 11 20 100 
, ,  

P u t  

None 
Inland 1 
Terminal 2 

3 

213 32 64 
25 
25 
40 

100 
100 
100 
100 

None 
Port 1 
Terminal 2 

3 

400 1 8  
8.6 14 
3.4 15 
2.2 20 

40 
30 ~. 

30 
40 

100 
100 
100 
100 

None 35.8 12  25 100 
Storage 1 8.8 23 40 100 
Elevator 2 1 .E 14 25 100 

3 1.1 20 40 100 . 
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other words, a c i rcu lar  source was assumed in order t o  ensure reasonably 

conservative dispersion estimates downwind of the source. 

t ional purposes, the i n i t i a l  cross-wind pollutant dis t r ibut ion i s  

assumed t o  be Gaussian. 

For computa- 

To estimate the " i n i t i a l  plume thicknesses" fo r  each type of 

grain elevator and level of emission control ,  emission heights listed 

i n  Table 0-1 were u t i l i zed .  

emission r a t e s ,  and a weighted average emission height was determined 

C - . -  ,", 
The i n i t i a l  plume thicknesses were assumed t o  be approximately twice 

The heights were weighted by the respective 

- - - L  .+",,, -...in e!evztcr and 1evPl  nf emission control (Table D-2). 

the weighted average emission heights; i .e.,  the i n i t i a l  ver t ical  

spread of each plume i s  assumed t o  extend from ground level t o  

twice the weighted average emission height. 

considered valid i n ' l i g h t  of the prevalent atmospheric turbulence and 

downwash conditions a t  the f a c i l i t i e s  under study. 

That assumption i s  

The i n i t i a l  horizontal and ver t ica l  pollutant dis t r ibut ions were 

assumed t o  be Gaussian t o  f a c i l i t a t e  the u t i l i za t ion  o f  vir tual  p o i n t  

source approximations. 

the S ing le  Source Model only handles "point" sources, whereas the 

e f f luent  plumes from the sources in  question have f i n i t e  i n i t i a l  hor i -  

zontal and ver t ical  dimensions t h a t  must be accounted for .  Dispersion 

coeff ic ients  for  Pasquill-Gifford s t a b i l i t y  Class D were used in the 

computation of the vir tual  point source distances. 

Such approximations were necessary because 
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.. 

The meteorological data used in  the analysis were chosen from 

locations where eff luent  dispersion from grain elevator f a c i l i t i e s  would 

r e su l t  in re la t ive ly  h i g h  concentrations. All meteorological data were 

from the year 1964. 

i n p u t  t o  the model a re  d i rec t ly  available.  

f a c i l i t y  analyses, meteorological data from several National Weather 

Service Stations in the heart  of the g r a i n  be l t  were examined. 

stability-wind data from Omaha, Nebraska were f ina l ly  chosen because 

of the re la t ive ly  skewed wind rose a t  t h a t  location. 

data were obtained from the nearest upper a i r  s ta t ion  (Topeka, Kansas) 

for  which such information is  readily available.  

wind from a s ingle  direction a t  Omaha should cause estimated maximum 

ambient pollutant concentrations a t  t ha t  s ta t ion  t o  be higher than a t  

most other grain be l t  locations.  

meteorological data from several Great Lakes, Gulf, and Pacific Coast 

locations were considered. Portland, Oregon was f ina l ly  chosen because 

o f  the re la t ive ly  skewed wind rose a t  t h a t  location. Upper a i r  d a t a  i n  

t h i s  l a t t e r  case were obtained from Salem, Oregon. which i s  the nearest 

s ta t ion providing such information. 

That i s  the only year fo r  which data sui table  as 

For a l l  b u t  the port  

Surface 

The mixing height 

The h i g h  frequency of 

For the port  f a c i l i t i e s .  surface 

Table 0-3 presents the estimated maximum ambient par t iculate  concen- 

t ra t ions  a t  specified distances downwind of the f ive  types of g ra in  

elevator f a c i l i t i e s  considered i n  the analysis.  

able degree of emission control would be required f o r  the national 

Note tha t  a consider- 
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Table 0-3 - Estimated Ambient Ground-Level Par t iculate  Concentrations a t  
Specified Distances* Downwind of Grain Elevator Fac i l i t i es  

1000 

Type of 
Grain 
Elevator 

100 10 

Country 
Elevator 

79 
150 
11 

62 
29 

2 
.. 

e 9 < 1  
17 2 

2 < 1  
< 1  
< 1  
< 1  

< 1  < 1  

< 'i 
3 

High 
Through- 
P u t  

19 
120 

9 
53 

4 
> 1000 
> 300 

39 D 
30 

140 
11 
70 
6 

> 1000 
> 300 

Inland 
Terminal 

2 < 1  
12 1 
1 < 1  
5 < 1  

< 1  < 1  
> 1000 100 

94 5 
46 4 
4 '1 

17 2 
1 < 1  

10 < 1  
< 1  < 1  

> 1000 140 
180 8 

Port  
Terminal 

81 
6 

Storage 
Elevator 

IO < 1  4 

< 1  < 1  

Level of 
h i  ssion 
Control 

41 
3 

none 

1 

2 

3 

6 < 1  
< 1  < 1  

none 

1 

2 

3 

none 

1 

2 

3 

none 

1 

2 

3 

none 

1 

2 

3 

rota1 
Emission 
Rate 
(g/sec) 

19.7 

3.3 

1.2 

0.55 

47.6 

4.7 

2.3 

1 .o 

21 3 

8.7 

3.2 

1 .9  

400 

8.6 

3.4 

2.2 

35.8 

8.0 

1.8 

1.1 

Averaging 
Time 

Day 
Year 
Day 
Year 
Day 
Year 
Day 
Year 

Day 
Year 
Dav 
Year 
Day 
Year 
Day 
Year 
Day 
Year 
D aY 
Year 
Day 

Day 
Year 

Day 
Year 

L 

Day 
Year 
Day 

Day 
Year 

Year 
Day 
Year 

Year 
Day 

Day 
Year 
Day 
Year 

3 Par t iculate  Concentration (ug/m ) 

i n n  21 I 1 
250 I 25 2 

340 1 34 28 I I < :  

> 1000 I 190 

26 I 4 I < 1  

*Distances a re  as  measured from the center of each faci1it.y D-8 



ambient ai..r q u a l i t y  standards f o r  p a r t i c u l a t e s  t o  be met i n  the  v i c i n i t y  

o f  a l l  the g r a i n  e leva to r  f a c i l i t i e s  s tud ied.  

and aerodynamic downwash problems a t  those f a c i l i t i e s  were e l im ina ted  

by vent ing  the emissions i n t o  wel l -designed stacks,  t h e  ambient 

standards cou ld  be met w i t h  considerably l ess  emission c o n t r o l .  

I f  the  f u g i t i v e  emission 
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