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INTRODUCTION 

Standards of performance under section 111 of the Clean Air 

Act are orooosed followin~ a detailed investigation of •ir pollution 

control methods available to the affected industry and the impact 

of their costs on the industry. This document summarizies the 

information obtained from such a study of the grain elevator 

industrY. Its ouroose is to explain in detail the background and 

basis of the orooosed standards and to facilitate analysis of the 

proposed standards by interested oersons, including those who may 

not be familiar with the many technical aspects of the industry. 

To obtain additional cooies of this document or the Federal Register 

notice of proposed standards, write to the Public Information Center 

(PM-215), Environmental Protection Agency, Washington, D. C. 20460 

(specify name of document). 

AUTHORITY FOR THE STANDARDS 

Standards of Performance for new stationary sources are 

developed under section 111 of the Clean Air Act (42 U.S.C. 1817c-6~s 

as amended in 1970. Section 111 requires the establishment of 

standards of oerformance for new stationary sources of air pollution 

which 11 
••• may contribute significantly to air pollution which 

causes or contributes to the endangerment of oublic health or 

welfare.u The Act requires that standards of performance for such 
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sources reflect 11 
••• the degree of emission limitation achievable 

through the aoolication of the best system of emission reduction 

which {taking into account the cost of achieving such reduction) 

the Administrator determines has been adequately demonstrated.~~ 

The standards apply only to stationary sources, the construction 

or modification of which commences after regulations are proposed 

by oublication in the Federal Reqister. 

Section lll prescribes three steps to follow in establishinq 

standards of performance. 

1. The Administrator must identify those categories of 

stationary sources for which standards of oerformance 

will ultimately be promulgated by listing them in the 

Federal Register. 

2. The regulations aoplicable to a category so listed must 

be proposed by publication in the Federal Register 

within 12n days of its listing. This pronosal provides 

interested persons an opportunity for comment. 

3. Within 9n days after oroposal, the Administrator must 

promulgate standards with an.v alterations he deems 

appropriate. 

Standards of performance, by themselves, do not guarantee 

protection of health or welfare; that is, they are not designed 

to achieve any specific air quality levels. Rather, they are 

designed to reflect best demonstrated technology· (taking into 

account costs) for the affected sources. The overriding ourpose 
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of the collective body of standards is to maintain existing air 

quality and to prevent new pollution problems from developing. 

Previous legal challenges to standards of performance have 

resulted in several court decisionsl,2 of importance in developing 

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

EPA: (1} made reasoned decisions and fully explained the basis 

of the standards, (2) made available to interested parties the 

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

considered significant comments from interested oarties. 

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

preparation of an environmental impact statement is not necessa~y 

for standards develooed under section 111 of the Clean Air Act 

because under this section EPA must consider any counter-productive 

environmental effects of a standard in determining what system 

of control is 11 best; 11 (2) in considerinq costs it is not necessary 

to provide a cost-benefit analysis; (3) EPA is not required to 

justify standards that require different levels of control 

in different industries unless such different standards may be 

unfairly discriminatory; and (4) it is sufficient for EPA to show 

that a standard can be achieved rather than that it has been 

achieved by existing sources. 

Promulgation of standards of performance does not prevent 

State or local agencies from adooting more stringent emission 

limitations for the same sources. On the contrary, section 116 

of the Act (42 U.S.C. 1857•0-1) makes clear that States and 

other political subdivisions may enact more restrictive standards . 
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Furthennore, in heavily polluted areas more strin~ent standards may 

be required under section 110 of the Act (42 U.S.C. l857c-5) in 

order to attain or maintain National Ambient Air Quality Standards 

orescribed under section 1119 (4?. U.S.C. 1857c-4). Fina11,v, section 116 

makes clear that a State may not adopt or enforce less stringent 

new source oerformance standards than those adooted by EPA under 

section 111. 

Although standards of performance are normally structured in 

terms of numerical emission limits where feasible, alternative 

aooroaches are sometimes necessar:v. In some cases oh,vsical measure­

ment of emissions from a new source may be imoractical or exorbitantly 

exnensive. For examnle, emissions of hydrocarbons from storage 

vessels for oetroleum liquids occur during storage and during tank 

filling. The nature of the emissions {hiqh concentrations for short 

oeriods during fillinq and low concentrations for lonqer periods 

during storaqe} and the confiquration of storage tanks make direct 

emission measurement hiqhly imnractical. Therefore, a more nractical 

aooroach to standards of oerformance for storaqe vessels has been 

equi oment spe.cifi.cati ons. 

SELECTION OF CATEGORIES OF STATIONARY SOURCES 

Section 111 directs the Administrator to oublish and from time 

to time revise a list of categories of sources for which standards 

of performance are to be nrooosed. A category is to be selected 

" ... if [the Administrator] determines it may contribute significantly 

to air pollution which causes or contributes to the endangerment 

of oublic health or welfare. 11 
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Considerable attention has been qiven to the develonment of 

a methodology for assiqninq priorities to various source cateqories. 

In brief~ the approach that has evolved is as follows: Soecific 

areas of emphasis are identified by considering the broad strategy 

of the Aqency for implementinq the Clean Air Act. Often, these 11 areas 11 

are actually pollutants which are primarily emitted by stationary 

sources. Source categories which emit these oollutants are then 

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

of emission contra 1 (if any) a 1 ready required by State regulations; 

(2) estimated levels of control that miqht result from standards of 

performance for the source category; ( 3) projections of growth and 

replacement of existinq facilities for the source cateao~v; and (4) the 

estimated incremental amount of air ~ollution that could be prevented, 

in a preselected future vear, by standards of oerformance for the 

source category. 

An estimate is then made of the time required to develop 

a standard. In some cases, it may not be feasible to develop 

a standard immediately for a source category with a high nriority. 

This circumstance might occur because a proqram of research and 

development is needed to develop control techniques or because 

techniques for samplinq and measurinq emissions may require refinement. 

Selection of a source cateqo~y for standards development leads 

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

or facilities to which standards will aool.v. A source cateoor.v 

often has several facilities that cause air pollution. Emissions 
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from some of these facilities may be insignificant or very expensive 

to control. An investigation of economics may show that~ within 

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

control is better served by applying standards to the most severe 

oollution oroblems. For this reason (or perhaps because there 

may be no adequately demonstrated system to control emissions 

from certain facilities), standards often do not apply to all 

sources within a category. For similar reasons, the standards 
. I 

may not apply to all air pollutants emitted by such sources. Con-

sequently, although a source category may be selected to be 

covered by standards of Performance, not all oollutants or 

facilities within that source category may be covered by the standards. 

PROCEDURE FOR DEVELOPt~ENT OF STANDARDS OF PERFORMANCE 

Congress mandated that sources regulated under section 111 

of the Clean Air Act utilize the best system of air oollution 

control (considering cost) that has been adequately demonstrated 

at the time of their design and construction. In so doing, Congress 

sought to: 

1. Maintain existing air quality 

2. Prevent new air pollution problems, and 

3. Ensure uniform national standards for new facilities. 

Standards of performance, therefore, must (1) realistically 

reflect best demonstrated control practice; (2) adequately consider 

the cost of such control; {3) be apolicable to existinq sources 

that are modified as well as new installations; and (4) meet these 
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conditions for all variations of oneratinq conditions beinq considered 

anvwhere in the countrv. 

The objective of a nroqram for deve1oninq standards of nerformance 

is to identify the best system of emission reduction which 11 has been 

adequately demonstrated (considering costs). 11 The 1e~is1ative historv 

of section 111 and the court decisions referred to earlier make clear 

that the Administrator•s judqment of what is ade~uately demonstrated 

is not limited to systems that are in actual routine use. Conseauently, 

the investiqation may include a technical assessment of control systems 

which have been adequately demonstrated but for which there is 

limited ooerational experience. In most cases, determination of the 

"deoree of emission limitation achievab1e 11 is based on results of 

tests of emissions from existin~ sources. This has required worldwide 

investiqation and measurement of emissions from control s.vstems. Other 

countries with heavily nooulated, industrialized areas have sometimes 

develooed more effective svstems of control than those in the United States. 

Since the best demonstrated systems of emission reduction may not 

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

mav be somewhat limited. Test data on existin~ well-controlled sources 

are an obvious starting point in developing emission limits for new sources. 

However, since the control of existing sources qenerall,v reoresents 

retrofit technoloqv or was originally designed to meet an existing State 

or local re<1ulation, new sources ma.v be able to meet more strinqent 

emission standards. Other information, however, is also considered 

and judgment is necessarily involved in develooinq standards. 
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A orocess for the development of a standard has evolved. In general, 

it follows the guidelines below. 

1. Emissions from existin~ well-controlled sources are measured. 

2. Data on emissions from such sources are assessed with 

consideration for such factors as: (a) the representative­

ness of the source tested {feedstock, operation, size, aoe~ 

etc.); (b) the age and maintenance of the control equioment 

tested (and possible degradation in the efficiency of control 

of similar new equipment even with good maintenance orocedures); 

(c) the design uncertainties for the type of control equinment 

being considered; and (d) the degree of uncertainty that new 

sources will be able to achieve similar levels of control. 

3. Durino develooment of the standards, information from 

pilot and prototype installations. guarantees by vendors 

of control equioment, contracted (but not yet constructed) 

projects, foreign technology, and published literature are 

considered, esnecially for sources where 11emerginq" technologv 

aooears significant. 

4. Where possible, standards are develooed which permit the 

use of more than one control technique or licensed Process. 

5. Where possible, standards are develooed to encourage {or 

at least oermit) the use of orocess modifications or new 

processes as a method of control rather than 11 add-on 11 systems 

of air oollution control. 
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6. Where possible. standards are developed to permit systems 

capable of controlling more than one pollutant (for examole, 

a scrubber can remove both gaseous and oarticulate matter 

emissions, whereas an electrostatic precipitator is soecific 

to oarticulate matter). 

7. Where aporooriate, standards for visible emissions are 

develooed in conjunction with concentration/mass emission 

standards. The opacity standard is established at a level 

which will require pro~er operation and maintenance of the 

emission control system installed to meet the concentration/ 

mass standard on a day-to-day basis, but not reouire the 

installation of a control system more efficient or exoensive 

than that required by the concentration/mass standard. In 

some cases, however, it is not oossible to develoo concen­

tration/mass standards, such as with sources of fugitive 

emissions. In these cases, opacity standards or equipment 

standards may be developed to limit emissions. 

CONSiuERATION OF COSTS 

Section 111 of the Clean Air Act requires that costs be considered 

in develooing standards of oerformance. This requires an assessment 

of the oossible economic effects of implementing various levels of 

control technology in new plants within a given industry. The first 

step in this analysis requires the qeneration of estimates of installed 

canital costs and annual operating costs for various demonstrated control 
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s_vstems, with each control system alternative having a different overa.11 

control capability. The final steo in the analvsis is to determine 

the economic imnact of the various control alternatives uoon a new olant 

in the industry. The fundamental question to be addressed is whether 

or not a new olant would be constructed if a certain level of control 

costs will be incurred. Other aspects that are analyzed are the 

effects of control costs upon oroduct prices and product suoolies, 

and producer orofitability. 

The economic imnact of a oroposed standard uoon an industry is 

usually addressed both in absolute terms and ~Y comparison with the 

control costs that would be incurred as a result of compliance with 

typical existing State control regulations. This incremental aooroach 

is taken since a new plant would be required to comely with State 

regulations in the absence of a Federal standard of oerformance. This 

approach requires a detailed analysis of the impact upon the industry 

resulting from the cost differential that exists between a standard 

of performance and the typical State standard. 

The costs for control of air oollutants are not the only, control 

costs considered. Total environmental costs for control of water 

oollutants as well as air pollutants are analyzed wherever possible. 

A thorough study of the orofitability and price-setting mechanisms 

of the industry is essential to the analysis so that an accurate 

estimate of potential adverse economic imoacts can be made. It fs 

also essential to know the canital requirements placed on olants 
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in the absence of Federal standards of oerformance so that the 

additional caoital requirements necessitated by these standards 

can be placed in the oroper persnective. Finally, it is necessary 

to recognize any constraints on capital availability within an 

industry as this factor also influences the ability of new plants 

to generate the caoital required for installation of the additional 

control equipment needed to meet t~e standards of oerformance. 

CONSIDERATION OF ENVIRONMENTAL IMPACTS 

Section ln2(2)(c) of the National Environmental Policy Act (NEPA) 

of 1969 {Pl 91-190) requires Federal agencies to prepare detailed 

environmental impact statements on prooosals for legislation and other 

major Federal actions significantly affecting the quality of the 

human environment. The objective of NEPA is to build into the 

decision-making process of Federal agencies a careful consideration 

of all environmental aspects of prooosed actions. 

As mentioned earlier, in a number of legal challenges to standards 

of oerfonnance for various industries, the Federal Courts of Appeals 

have held that environmental impact statements need not be orenared 

by the Agency for proposed actions under section 111 of the Clean 

Air Act. Essentially, the Federa 1 Courts of Appea 1 s have determined 

that 11 
••• Section 111 of the Clean Air Act, orooerly construed, requires 

the functional equivalent of a NEPA imoact statement .. in the sense that 

the criteria 11 
••• the best system of emission reduction, n 

11 
••• require(s) 

the Administrator to take into account counter-oroductive environmental 

effects on a proposed standard, as well as economic costs to the industrv ... 11 
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On this basis, therefore, the Courts ..... establish(ed) a narrow 

exemption from NEPA for EPA determinations under section 111. 111 ' 2 

In addition to these judicia 1 determinations, the Energy Supo 1 v 

and Environmental Coordination Act {ESECA) of 1974 (PL 93-319) 

soecifically exempted proposed actions under the Clean Air Act from 

NEPA requirements. Accardi nq to section 7 (c)( 1), 11 No action taken 

under the Clean Air Act shall be deemed a major Federal action 

significantly affecting the quality of the human environment within 

the meaning of the National Environmental Policy Act of 1969. 11 

The Agen~v has concluded, however, that the oreoaration of 

environmental imoact statements could have beneficial effects on 

certain regulatory actions. Consequently, while not legally required 

to do so by section 102(2){c) of NEPA, environmental impact statements 

will be prepared for various re~ulatory actions, including standards 

of performance developed under section 111 of the Clean Air Act. This 

voluntary Preparation of environmental imoact statements, however, 

in no wa.v legally subjects the Agency to NEPA requirements. 

To implement this policy, therefore, a separate section is 

included in this document which is devoted solely, to an analysis. 

of the potential environmental impacts associated with the proposed 

standards. Both adverse and beneficial impacts in such areas as air 

and water pollution, increased solid waste disoosal and increased energy 

consumption are identified and discussed. 
-·. -

If¥JPACT ON EXISTING SOURCES 

Standards of performance may affect existing sources in either 

of two ways. Section 111 of the Act defines a new source as 11 any 
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stationary source, the construction or modification of which is 

commenced after the standards are oroposed. 11 Consequently, if 

an existing source is modified after proposal of the standards, 

with a subsequent increase in air oollution, it is subject to 

standards of performance. [Amendments to the general provisions 

of Subpart A of 40 CFR Part 60 to clarify the meaning of the term 

modification were promulgated on December 16, 1975 (40 FR 58416).] 

Second, promulgation of a standard of performance requires 

States to establish standards of performance for existing sources 

in the same industry under section lll(d} of the Act; unless the 

standard for new sources limits emissions of a pollutant for 

which air quality criteria have been (or will be) issued under 

section 108 or one listed as a hazardous pollutant under section 112. 

If a State does not act, EPA must establish such standards. [General 

provisions outlining orocedures for control of existing sources under 

section 111 (d) have been promulgated on Hovember 17 1 1975, as Subpart 

B of 40 CFR Part 60 (40 FR 53340).] 

REVISION OF STANDARDS OF PERFORMANCE 

£bngress was aware that the level of air pollution control 

achievable by any industry may improve with technological advances. 

Accordingly, section 111 of the Act provides that the Administrator 

may revise such standards from time to time. Although standards proposed 

and promulgated by EPA under section 111 are designed to require 

installation of·the " .•• best system of emission reduction •.. (taking 

into account the cost} •.. 11 the standards are reviewed periodically. 
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Revisions are proposed and promulgated as necessary to assure 

that the standards continue t·o reflect the best systems of emission 

control as they become available in the ·future. Such revisions are 

not retroactive but apply to stationa~y sources constructed or 

modified.~fter proposal of the revised standards. 
REFERENCES 

1. Portland Cement Association vs. Ruckelshaus, 486 F. 2nd 375 
{D.C. Cir. 1973). 

2~ Essex Chemical Corp. vs. Ruckelshaus, 486 F. 2nd 427 (D.C. Cir. 197.3). 
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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. Particulate matter, the only significant pollutant 

emitted, will be controlled from these sources. Preceding 

the act of proposal .has been the Administrator's determination 

that emissions from grain elevators contribute to the endaggerment 

of the public health or welfare. In accordance with section 117 

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

by consultation with appropriate advisory committees, independent 

experts, industry representatives, and Federal departments and 

agencies. 

The proposed standards limit emissions of particulate matter 

from eight affected facilities and the air pollution control devices 

which are used on these facilities. The.eight affected facilities 

are: each truck unloading station, each railroad hopper car and boxcar 

unloading station, equipment at each barge and ship unloading station, 

all grain handling operations, each grain dryer, each truck loading 

station, each railroad hopper car and boxcar loading station, and each 

barge and ship loading station. These eight facilities account for 

virtually all of the particulate matter emissions from a grain 

elevator. A summary of the proposed standards is presented in Table 1-1. 

There are no stack monitoring requirements in the proposed standards 

because the costs involved were judged not le be reasonable by EPA. 
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Table 1-1. Summary of Proposed Standards 

Affected Facilities and 
Air Pollution Control Devices 

Truck Unloading Stations 

Railcar Unloading Stations 

Barge and Ship Unloading Equipment 

Handling Operations 

Dryers 

Truck Loading Stations 

Railcar Loading Stations 

Barge and Ship Loading Stations 

Air Pollution Control Devices 
On These Affected Facilities 

1-2 

Proposed Standards 

0% Opacity 

No Visible Emissions 

.Equipment Specifications 

0% Opacity 

(Column dryers would be considered in com­
pliance with the standard provided the 
·diameters of all column plate perforations 
do not exceed 2.1 mm [ca. 0.084 inch} and 
ra_ck q~yers would be J ~ ~~mp l i ance provided 
aJl. e~h_aust gases pass t~rough a 50 or 
f;ner mesh scrAen filter.) 

lOS Opacity 

0% Opacity 

10% Opacity - General Loading 
15% Opacity - "Topping Off 11 Operations 

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



The proposed standards apply to farm elevators, country 

elevators, terminal elevators, and commercial rice dryers which 

have grain leg capacities greater than 352 m3/h (ca. 10,000 bu/hr) 

and to storage elevators at wheat flour mills, wet corn mills, 

dry corn mills (human consumption}, rice mills, or soybean 

extraction plants. The proposed limits are: {l) 0.023 gjstd. m3 

dry basis and zero.percent opacity from air pollution control devices 

on any affected facility except grain dryers; (2) zero percent 

opacity from any truck unloading station~ grain handling 

operation, railroad hopper car loading station or railroad 

boxcar loading station; (3} no visible emissions from any railroad 

hopper car unloading station or railroad boxcar unloading 

station; {4} ten percent opacity from any truck loading station; 

(5} ten percent opacity, except that the opacity may not exceed 

fifteen percent during topping-off operations, from any barge 

or ~ntp loading station; (6) zero percent opacity from any grain 

grain (column dryers would be considered in compliance with the 

standard provided the diameters of a11 column plate perforations 

do not exceed 2.1 mm [ca. 0.084 inch] and rack dryers would be in 

compliance provided all exhaust gases pass through a 50 or finer 

mesh screen filter); {7) operation of a leg which is enclosed from the 

top (including the receiving hopper) to the center line of the 

bottom pulley, and ventilation of at least 32.1 actual cubic meters per 

cubic meter.of grain handling capacity (ca. 40 ftljbushel) to a parti­

culate control device on both sides of the leg and the grai·n receiving 

hopoer. at anv barge or ship unloading ~tation. 
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1.2 ENVIRONMENTAL IMPACT 

A summary of the beneficial and adverse environmental and 

economic impacts associated with the proposed standards and 

with the various alternative control systems that were considered 

are presented in this section. These impacts are discussed in 

detail in Chapter 7, Environmental Effects, and Chapter 6, 

Economic Impact. Table 1-2 is a matrix which summarizes these 

impacts. 

Alternative system number 1 is the baseline system to 

which the impacts associated with the other alternative systems 

can be compared. Alternative system number 2 is the best 

demonstrated control technology, considering costs. Alternative 

system number 3 is the best possible control technology. In 

some cases. systems 2· and 3 are identical. These alternative 

systems are described in detail in Chapter 4, Emission Control 

Technology. 

Large beneficial impacts on·air quality will result from 

alternative systems 2 and 3 due to the reduction in particulate 

matter emissions. There are no impacts on water supply or 

treatment for these alternative systems because all of the 

air pollution control devices required are dry collector units. 

There will be a minimal adverse impact on solid waste collection 

and disposal due to the use of more efficient particulate collection 

devices. This is, however, considered negligible by EPA. Adverse 

energy impacts will be associated with each of the alternative 

systems. These impacts are considered small and result primarily 
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Table 1-2. Matrix of Environmental and Economic Impacts of the Alternative Systems 

~ AIR 
IMPACT 

SYSTEM 
NO. l 0 

SYSTEM 
NO. 2 +4 

SYSTEM 
NO. 3 +4 

DELAYED 
STANDARD -3 

NO 
STANDARD -4 

SOLID 
WATER WASTE ENERGY 
IMPACT IMPACT 

0 0 

0 -1 

0 -1 

0 +1 

0 +l 

Key: + Beneficial Impact 
- Adverse Impact 

IMPACT 

0 

-2 

-2 

+2 

+2 

NOISE AND 
RADIATION ECONOMIC 

IMPACTS IMPACT 

0 0 

-1 -2 

-1 -4 

+l +2 

+1 '+2 

0 - No Impact 
1 - Negligible Impact 
2 - Small Impact 
3 - Moderate Impact 
4 - Large Impact 

INFLATIONARY 
IMPACT 

0 

-1 

-1 

+1 

+1 



from the increased energy requirements of fabric filters over 

cyclone control devices. Impacts on noise levels due to 

the use of any of the alternative control systems have not 

been quantified. The control devices and exhaust fans at 

grain elevators are usually located outside of buildings at 

either roof or ground level. Although fans are noisy, they 

are already required for collection systems now used to meet 

existing state regulations. Therefore, any Federal standard 

will not introduce new noise problems but may slightly increase 

the existing noise levels. There are no known or anticipated 

radiation impacts from grain elevator operations. The economic 

impacts associated with alternative system 2 have been judged 

to be small. Costs were considered in determining the best 

demonstrated control technology for this system. Costs were 

not considered in determining the best possible control technology 

for alternative system 3 and the adverse economic impact is great. 
---

Two additional alternatives have also been considered: the 

impact of delayed standards and the impact of no standards. 

In both cases the adverse impact on air quality would be moderate' 

to large, since the new and modified facilities that would 

otherwise fall under the proposed standards would be allowed 

to emit particulate matter at existing levels. Other impacts 

due to these alternatives are negligible positive impacts on 

solid waste, and noise, and a small positive impact on economics 

and energy consumption. 
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1.3 INFLATION IMPACT 

The costs associated with the proposed standards for new 

and modified facilities at grain elevators have been judged not 

to be of such magnitude to require an analysis of the inflationary 

impact .. Screening criteria have been developed by EPA to be 

used in the impact analysis. These criteria have been outlined 

in an Agency publication and include: 

(1) National annualized cost of compliance. 

(2) Total added production cost in relation to sales price. 

(3} Net national energy consumption increase. 

(4) Added demands or decreased supplies of selected materials. 

Should any of these guideline values listed under these criteria 

be exceeded, a full infiationary impact statement is required. 

The EPA has determined that this document does not contain 

a major proposal requiring preparation of an Inflation Impact 

Statement under Executive Order 11821 and OMB Circular A-107. 
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2. Jl:li GRAltLEl..~.V.ATOR IND!tSlRY 

2.1 GENERAL 

2.1.1 Background Informatior 

Grain elevators are used to condition and store grain as 

it moves from the farm to markets. In general, elevators are 

classed as either "country11 or 11 terminal." The U. S. Department 

of Agriculture (USDA) distinguishes between country and terminal 

elevators on the basis that terminals furnish official weights; 

that is, each receipt or shipment is weighed under the super­

vision of a state inspector. 

Country elevators generally receive grain or soybeans as they are 

harvested in fields within 10 to 20 miles of the elevator. They unload, 

weigh, and store the grain and may dry or clean it before shipment 

to terminal elevators or processors. Terminal elevators are classi­

fied into two groups, inland (or subterminals) and port terminals. 

Inland terminal elevators receive most of their grain from country 

elevators and ship to processors, other terminals, and exporters. 

Onefunction of an inland terminal elevator is to store.grain in 

quantity and upgrade it to meet buyer•s spe-cHication·s .. They a\so 

dry and clean grain, as country elevators do,·and also blend 

different grades of grain.ll 

liThe USDA classifies each grain into six grades. No. 1 grade 
grains must meet specific minimum test w~ights (pounds per bushel) and 
maximum limits on the percent moisture, foreign material and other 
defects that lower its value. 
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Port terminals are defined as those located on major waterways 

or in seaports which export agricultural products. The port terminal 

provides the same basic functions as an inland terminal~ but can 

also .load ships and barges. 

Plants which process grain also use elevators to receive and 

store the grain. These plants process grain into food or food 

intermediates for human or animal consumption. All of the same 

basic functions performed at country or terminal elevators are 

performed at storage elevators owned by processors. Shipment 

of grain, however, would be a rarity. 

Table 2-1 shows the quantities and values of the principal feed 

grains (corn. oats, barley, and sorghum grains); food grains (wheat, 

rice, and rye); and soybeans produced on the farm since 1940.1 The 

largest crop is corn with production about three times that of 

wheat, the second largest crop. Soybeans (actually an oil seed) 

now rank third in production and second in cash value. The 

farmer does not sell all of the grain he harvests. Substantial 

portions of some crops (especially feed grains) are retained for 

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

grains (7.3 billion bushels of grain), 94 percent of the food grains, 

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

outlets. 

Figure 2-1·2 shows the distribution of wheat, feed grains. and 

soybeans as they flow from farm to market. Although this figure is 
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TABLE 2-1 

QUANTITY AND VALUE OF PRODUCTION OF MAJOR GRAINSl 

QUANTITY OF PRODUCTION 
[million bushels} 

1940 1945 1950 1955 1960 1965 1970 1973 

Corn 2,207 2,577 2,764 2,873 3,907 4,084 4,099 5,643 

Wheat 815 1,108 1,109 935 1,355 1,316 1,370 1 ,711 

Soybeans 79 193 299 374 555 846 1,124 1,567 

Grain sorghums 86 96 234 243 620 673 696 937 

N Oats 1,246 1,524 1,369 1,496 l '153 927 909 664 
t 
w 

Barley 311 267 304 403 429 392 410 425 

Rice 54 68 86 124 121 170 186 189 

Rye 40 24 21 29 33 33 39 26 

FARM VALUE OF PRODUCTION 

1940 1945 1950 
~mi]jion ao11arsl 

1955. 1960 1965 1970 

Corn 1,519 3,652 4,222 3,849 3,929 4,732 5,441 
Wheat 556 1 .661 2,042 1 ,859 2,361 1 ,775 1 ,826 
Soybeans 70 402 738 831 1 '185 2,151 3,205 
Grain sorghums 41 115 245 238 515 668 798 
Oats 377 1,016 1,081 890 693 585 581 
Barley 124 272 358 370 355 395 389 
Rice 44 122 197 269 248 376 433 
Rye 17 32 28 31 30 33 38 
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based on 1963-64 data, it is representative of the current movement 

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

by farms is handled by country elevators before shipment to terminal 

elevators or grain processors. The other 15 percent bypasses 

country elevators. This is possible largely because improved roads, 

larger trucks, and more on-farm storage facilities make it economical 

to ship directly to more distant terminal elevators and processors. 

Country elevators ship 92 percent of their wheat and 87 percent of 

their soybeans, but only 56 per cent of the feed grains to terminal 

elevators. The balance of the feed grain is shipped directly to 

processors. 

Table 2-2 contains data from the Agricultural Stabilization and 

Conservation Service (ASCS) of the USDA on the number and storage 

capacities of country and terminal elevators. 3 (ASCS publishes a 

monthly list of elevators approved for storage of grain under govern­

ment loans.) These numbers represent most of the elevators and nearly 

all of the storage capacity in the nation. The data show that the 

number of both country and terminal elevators has decreased each 

year since 1969. Information from industry shows that of the 477 

terminals registered in 1972, 413 were inland terminals and only 

64 were port. In addition to the elevators shown in Table 2-2, 

about 600 grain processing plants have elevators 

ASCS data show that the average storage capacity of a country 

elevator has grown from 363,000 bushels in 1969 to 441,000 bushels 
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TABLE 2-2 

i·wt~BER AI'iD CAPACITY OF WAREHOUSES OPERATING UNDER UNIFORM GRAIN STORAGE AGREEMENT3 

Countrx Elevators Terminal Elevators 
Total Average Total Average Total 

Nurrber CaQaci tl Ca2acitl Number CaQacit! CaQaCitl Number Ca(!acitl 

{l ,000 bushels) (1,000 bushels) {1,000 bushels 

September 30, 1Y69 7,879 2,859,716 363 so a· 1,854,635 3,651 8,387 4, 714,351 

September 30, 1970 7,607 2,922,575 384 506 1 ,880,081 3,716 8,113 4,802,656 

September 30, 1971 7,380 2,940,125 398 489 1,!335,224 3,753 7,869 4,775,349 

N September 30, 15172 7' 147 3,017,523 422 477 1,814,803 3,805 7,624 4,832,326 I 
0'1 

September ;;u, 1973 6,962 3,044,448 437 467 1,810,190 3,880 7,429 4,854,638 

March 31, 1974 6,847 3,020,963 441 465 1,803,117 3,890 7,312 4,824,080 

Average yearly 
%change 1969-74 -2.76 +1.1 +3.8 -1.76 -0.56 +1.3 -2.7 +0.5 



in 1974. Typical storage capacities of country elevators constructed 

in the last few: years range from 200,000 to 750,000 bushel.s; however, 

many older country elevators have capacities of only a few thousand 

bushels. Terminal elevators have an average storage capacity of 

nearly 3,900,000 bushels although. some have capacities in excess 

of twelve times that. The capacity of these larger terminals includes 

bins added on the original structures and storage in steel tanks or 

warehouse-type bui 1 dings ( 11 f1 at s torage11
). The 1 arges t capacity 

under one roof is 18,000,000 bushels. The storage capacities of 

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

The current trend of small elevators going out of business will 

probably continue. This is not unexpected. Several studies con­

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

The cost of marketing grain decreases significantly if elevators 

are larger than 1,000,000 bushels storage capacity.4 More recently, 

there has been a concurrent decrease in demand to store grain and a 

greater demand for handling increasingly large quantities of grain 

rapidly. These are partially the result of: 

1) the recent upsurge in foreign demand for grain; 

2) a steady increase in domestic demand; 

3) a trend toward more on-farm storage; 

4) the reduced amount of grain to be stored as a result of 1, 2, 

and 3; 
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5) attractive railroad tariffs for multi-car shipments; and 

6) increasing use of large hopper cars with ·capacities up to 80% 

larger than converitional·cars.-

These forces have initiated the construction of elevators with low 

storage capacity and high handling capacity which permits multi­

car trains to be quickly loaded. One report indicates over 100 

such elevators may be built by 1980. 5 In addition, some existing 

elevators will also be modified to gain this ability. 

True growth in the grain processing industries is expected to be 

slow since 'the per capita consumption of grain products is remaining 

constant or decreasing. Only soybean processors have significant 

incentive to invest in new storage capacity. Soybean production in 

the United States has increased over 20 fold, from 70 to 1~567 

million bushels, in less than 35 years. Soybeans are an increasingly 

important source of protein for man and animals. Soybean oil is 

used in foods, cosmetics, paints, and plastics. 

Country elevators receive almost 100 percent of their grain by 

truck. They ship primarily by truck and rail in near equal quanti­

ties. Inland terminals receive grain primarily by truck and rail, 

and ship primarily by rail and water. Port terminals receive grain 

by rail~ truck, or barge. depending on their location and facilities. 

They ship almost exclusively by water. A strong trend 
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is the increasing use of water transportation by all three types of 

elevators. In 1971-72 country elevators shipped 13 percent of their 

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

water at port terminals increased from 25 percent in 1970-71 to 40 

percent in 1971-72. The modes of transportation used by country~ 

inland~ and port terminal elevators are summarized in Table 2-3. 6 

The quantity of grain handled in relation to the storage capacity 

for the three types of elevators is shown below. 

Country elevators 

Inland terminals 

Port terminals 

Ratio of grain handled 
to storage capacity6 

1970-71 

1.8 

1.2 

7.7 

1971-72 

2.0 

1.4 

7.6 

The ratio for port terminals is significantly greater than for other 

elevators because the primary purpose is not to store grain but to 

receive it from inland storage facilities and ship it to overseas 

markets. Data on the actual quantities of grain handled by elevator.s 

are not directly available; however, these quantities can be esti-

mated from a number of sources. One method is by extending USDA 

Economic Research Service (ERS) data which covers elevators 

approved for storage of grain under government loans, to cover all 

elevators. This method gives the following estimate: 
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TABLE 2-3 

TRANSPORTATIOi4 MODES FOR RECEIPT ANO SHIPMENT OF GRAIN6 

Percent Percent 

Received hx- Loadout b~-

Truck Rail Water Truck Rail Water 

Country Elevators 

1970-71 99.8 0.2 49 45 7 

1971-72 99.8 0.2 42 44 13 

Inland Terminals 

lY70-71 40 55 5 15 55 30 

1971072 17 48 35 

Port Tenninals 
'--v--' 

1970-71 15 60 25 6 94 

1971-72 10 50 40 6 94 
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QUANTITY OF GRAIN HANDLED 

{million bushels) 

Country elevator 

Inland terminal 

Port terminal 

1970-71 

5,318 

1 ,574 

2,717 

1971-72 

5,912 

1,837 

2,689 

A second method, for country elevators only, is to use the volume of 

grain sold by farms7 and the corresponding percentage which goes 

to country elevators (see Figure 2-l). By this method, 5,190 million 

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

method is not applicable to inland and port terminal elevators since 

available data on the distribution of grain, shown in Figure 2-1, 

are not defined in these terms. 

Although elevators are located throughout the United States, the 

major concentration is in the grain producing states in the Mid­

Plains, South Plains, and Great Lakes regions.£/ Kansas has the 

largest grain storage capacity of any state with 13.2 percent of the 

elevators and 15.9 percent of the total domestic capacity. Texas 

has only 6.5 percent of the elevators, but 14.0 percent of the total 

~Mid-Plains: Nebraska, Kansas, Colorado, Wyoming, Iowa, and Missouri; 
South Plains: Oklahoma, New Mexico, and Texas plus Gulf port facilities; 
Great Lakes: Wisconsin, Illinois, Indiana, Ohio, Michigan, and Minnesota. 
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capacity. The five states of Kansas, Texas~ Illinois, Nebraska, and 

Iowa togethe·r account for 51.9 percent of the elevators and 57.7 per­

cent of the storage capacity. Country elevators are almost exclusively 

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

87 percent are located in areas with less than 100,000 inhabitants. 

Terminal elevators are located in the principal grain-marketing 

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

a recent trend to build terminals in rural areas. 

Grain processing facilities for wheat, corn, and rice:mills, 

soybean processing plants, and wet corn mills are located in both 

rural and urban areas. Although most were originally constructed in 

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

2.1.2 The Emission Problem: 
There are four primary functions that take place in an elevator 

as shQVn in Figure 2-2: receiving, handling, drying, and shipping. 

All of these are materials-handling processes rather than processes 

which affect a chemical ehange in the product. Particulate matter, 

which has been designated as a criteria pollutant under section 109 

of the Clean Air Act, is the main pollutant, 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 or propane gas). The particulate matter may contain 60-90 
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percent organic material. Three to 20 percent of the inorganic 

portion may be free silicon (sand from entrained dirt). 8 Specific 

materials in the particulate matter include particles of grain kernels. 

spores of smuts and molds, insect debris, pollen, and dirt from the 

field. 

The particulate matter can be em1tted from almost any point 

in the elevator process. Many of the emissions are fugitive. 

They become airborne because of ineffectual of nonexistent hooding 

or pollutant capture systems. 

Suspended particulate material has been monitored wtth a high 

volume sampler and found to be nearly 240 micrograms per cubic meter 

in the immediate vicinity of grain handling plants. A size distribution 

of these particulates revealed 99.5 percent were less than two microns 

and 50 percent were less than 0.03 micron in diameter. Such. small 

~articles will readily invade and affect the small atr spaces in 

the 1ungs.9 Ambient concentrations of particulate greater than 

100 micrograms per cubic meter are known to have adverse health 

effects on humans.lO 

Insects, molds, and fungi as~ociated with grain handling 

may also cause respiratory ailments. The effects of 1ong~term 

(decade) exposure to low concentrations of particulate matter 

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

particulate matter control equipment can subject workers inside 

the elevator to 100 to 400 milligrams of airborne dust per cubic 

meter, well above the threshold that causes respiratory problems. 

The hiqh incidence of respiratory disease among millers, bakers, 

and grain elevator and dock workers is well known. 

2.2 PROCESSES AND EMISSIONS 

2.2.1 General 

The processes at an elevator include receiving {by truck, 

railcar and barge}, handlinq and conveying, drying, and loading 

(into trucks, railcars, and aquatic vessels). 

Several factors common to each of the processes that can 

affect emissions are discussed below. The first is the characteristics 

of the -particulate matter which varies with the type of grain 

handled. A test conducted to determine the magnitude of emissions 

from several elevator processes also indicated that emissions from 

soybeans are hi~her than for corn, wheat, and milo. 11 Soybeans 

contain more dirt since they grow close to the ground ann the 

harvester may scrape up earth as it cuts the plant off. Corn 

has 11 beeswings~n large flaky particles that readily become 

airborne because of their large surface area and low density. 

They can be a significant nuisance to nearby residents during 

the harvest season. The moisture content of the grain is 

another factor. It can vary from 16 to over 20 percent at 
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harvest; however, not enough data on moisture content are 

available to quantify its effect on emissions. After-the grain 

is dried, the moisture content will ~ot .~~!'Y significantly. 

The percentage of 11 foreign material 11 or 11 dockage" in grain (tile 

ratio of the weight of material other than whole grain kernels to 

the total weight) can a1so affect emissions. Most of the foreign 

material may be weed seeds, broken kernels, dirt, stones·. ano otnE:r 

heavy ·particles that do not cause an emission problem. However, 

since chaff, straw, and other light materials are also present with 

the heavy particles, a high percentage of foreign matter is a rough 

indication of high emissions potential. The percent .foreign matter 

is often determined for each load of grain received or shipped. 

Country elevators, operate primarily during the harvest season 

which begins in June for wheat and ends with corn and soybeans in 

Nov8111ber. Consequently, their emissions are also "seasonal. n In 

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

In most states, elevators are subject to general process 

weight regulations for particulate emissions. .Pennsylvania 

has regulations specific to elcvat~rs. 12 The application of 

these regulations is discussed in Chapter 4. tn general, 

typical state renulations can usually be met with high 

efffcfency cyclon~s. 

Grain dryers are addressed specifically by the state of Maryland. 

Their regulations require control of grain dryer emissions with a 
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50-mesn screen or its equivalent. The Illinois EPA pro-

posed regulations to the Illinois Pollution Control Board that would 

require 50-mesh vacuum-cleaned screens for exhaust gases from rack 

dryers and external sheeting with perforations not exceeding .094 

inch in diameter for column dryers. 

2.2.2 Truck Recei.ving 

Grain is emptied from most trucks (see Figure 2-3) by lifting 

the front end with an overhead winch or hydraulic platform to allow 

grain to flow from the tailgate. The grain falls from the truck 

through a heavy grate and into the receiving hopper. Dust-laden 

air can be emitted as air in the hopper is disolaced ~v ~rain. A conve~r 

beneath the hopper moves the grain to storage bins. 

The size of the receiving hopper limits the speed at which the 

grain can be handled. Small hoppers used at country elevators and 

elevators at grain processors where grain is received at a 

relatively slow pace minimize air pollution. -By rapidly filling 

with grain, they 11 automatica11y 11 decrease the free-fall distance from 

the truck bed. When this "choke feed 11 principle occurs, it may 

take five to ten minutes to empty a truck. At subterminal and terminal 

elevators where large receiving hoppers and hydraulic hoists are used, 

a larger 1000 bushel truck is often emptied in two minutes. 
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Some trucks have trailers with three or four 11 hoppers" from which 

grain is emptied through a small opening in the bottom of each hopper. 

Comparatively little particulate matter evolves when hopper trucks 

are unloaded since the grain flows slowly. 

ln climates where it is desirable to protect the receiving 

hopper, often a roof and two sides are built so that trucks can 

drive through rapidly. 

Uncontrolled particulate emissions from truck dumping are 

estimated to aver~ge 0.6 pound per ton (lb/ton} of grain.13 The 

amount of particulate nk1tter generaten is dependent upon: 

1. the type of truck (i.e., hopper or dump); 

2. the size of the receiving hopper {i.e., deep or shallow); 

3. the speed at which grain is dumped; 

4. the type of grain; 

5. its moisture content; and 

6. the amount of foreign material. 

The last three factors were discussed on pages 15 and 16. The others are 

discussed above. Tests of truck receiving operations using cyclones 

resulted 1n measured particulate emfss1ons of 0.05 gr/scf.l4 
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2.2.3 Railcar Receiving 

2.l.3.1 Hopper Cars- Hopper cars are typically divided into compart­

ments or hoppers. Each has an opening about two feet square in the 

bottom through which the grain is discharged into a receiving 

hopper. The receiving hopper is often small so that only one com­

partment at a time can be emptied. This is common at country eleva­

tors and elevators at grain processors where grain is received 

at a relatively slow pace. As at truck stations, small receiving 

hoppers rapidly fill with grain thereby decreasing the free-fall 

distance from the hopper car and minimizing air emissions (see 

Figure 2-4). At larger facilities the receiving hopper may permit 

all three hoppers on the railcar to empty simultaneously. when it is 

desirable to protect the receiving hopper from the weather. it is often 

covered by a shed with large openings at both ends. 

Uncontrolled particulate emissions from unloading railcars are 

estimated to average 1.3 pounds per to~ of grain.l3 This estimate is 

based on both hopper cars and boxcars. Particulate emissions from horrer 

cars are below the average. Particulate emissions from railcars are 

a function of: 
1. the size of the receiving hopper {i.e., deep or shallow); 

2. the amount of protection from winds; 
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3. the type of grain; 

4. its moisture content; and 

5. the amount of entrained foreign material . 

. . 
~.2.3.2 ·soxcars- Conventional boxcars are often used to haul grain. 

Before it is loaded, a boxcar must be fitted with a ugrain dooru which 

is installed over the lower part of the sliding door openings in the 

side of tne car. The grain door is made of wood or heavy cardboard 

and covers about three-fourths the height of the car door op~ning. 

One method of unloading boxcars is to break the grain door. 

This results in a surge of particulate matter as the grain falls 

into the receiving hopper beside the tracks (see Figure 2-4}. 

After this initial surge, the remaining grain is scooped out 

of the car using power shovels~ a front end loader! or some 

similar means. A cloud of particulate matter may form as each 

scoop of grain strikes the receiving hopper. The other common 

unloading technique, used mainly by terminal elevators, is a 

mechanical car dump. The car is clamped to a movab1e section of 

track wKich rotates and tilts the car to dump the grain out of 

the door into the receiving hopper. This technique is rapid 

and results in violent agitation of the air around the flowing 

grain. These air currents can entrain particulate matter and 

sweep it from the receiving area. As described for hopper cars, 

a tunnel-like shed over the receivinq hopper is sometimes used. 
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Uncontrolled particulate emissions from unloading railcars 

are estimated to average 1.3 pounds per ton (lb/T} of grain. 13 

Particulate emissions from boxcars are above this average. The 

amount of particulate matter generated is dependent upon: 

1. the method of unloading the car; 

2. the amount of protection from wind; 

3. the type of grain; 

4. its moisture content; and 

5. the aroount of entrained foreign material. 

2.2.4 R~rq~ Receiving 

Grain is received by barge at inland terminal and port terminal 

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

In most cases grain is unloaded with a bucket elevator (leg) that 

is lowered into the barge. Their capacities range from 15,000 up 

to 75,000 bushels per hour; the average is about 30,000. 

Particulate matter can be generated fn the barge oy the 

buckets of the leg and at the transfer point at the top of the 

leg where the grain is dumped into a receiving hopper. To 

completely clean, the barge, it may be necessary to push or pull 

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

This too can generate fugitive particulate emissions. 

Uncontrolled particulate emissions from barge unloading 

are estimated to average 1.7 pounds per ton of grain. 15 The 

particulate emissions from a specific facility are dependent 

upon: 
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1. the type of grain; 

2. its moisture content; and 

3. the amount of entrained foreign mate.riaL 

2.2.5 Grain Handling and Conveying Equipment 

Handling and conveying equipment includes bucket elevators (legs} 

used to elevate the grain; conveyors {screw, drag, and belt type) 

which move it horizontally; scale and surge bins used to weigh it; 

scalpers and cleaners; distributors (turn heads and trippers) which 

direct it to one of several places in the elevator\ and the headhouse 

and other such structures. 

A screw conveyor is a large (about 811 diameter} screw contained 

within a trough. The grain which enters one end of the trough is 

pushed forward as the screw turns. A drag conveyor consists of 

a continuous chain with paddles inside a rectangular enclosure. 

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

scrape against the sides of the enclosures of screw and drag 
' 

conveyors causing particles to break off. These conveyors move· the 

grain slower (about 50 feet per minute) than belt conveyors. A 

belt conveyor is a continuous belt (about 36 11 wide) that carries 

the grain forward at about 300 feet per minute. Friction between 

the grain and the belt usually occurs only when it drops onto the 

moving belt. Generally, few kernels are broken when using belt 

conveyors. 
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After the grain has been dumped into the receiving hopper, it is 

conveyed to a leg which lifts it to the top of the 11 headhouse .. 

where it is discharged to a distribution system (see Figure 2-2}. 

The grain is usually distributed directly from the headhouse into 

storage bins or silos. When the lar~e silos are filled, particulate 

matter may be emitted from the silo vents, though these emissions 

are rarely visible. These silos are so large they act as their 

own settling chamber. Grain stored in one silo for an extended 

time may increase in temperature because it is either: 

a. too moist and begins to spoil, or 

b. diseased or infested and the disease is growing. 

The. grain must either be treated to eliminate the cause of the 

increasing temperature or it may be "turned" to allow it to cool by 

aeration. To 11 turn 11 the grain, it is dropped from the bottom of 

the sil~ conveyed to a leg, lifted to the distributor and dropped to 

another empty bin. 

To ship grain, it is dropped from the bottom of the silo, 

conveyed to a leg. and elevated to the distributor. From there it falls 

to grain cleaners or the load-out scales. Grain cleaners are used 

in many elevators but especially at terminals where the grain 

shipped must meet USDA standards. The portion of grain received, 

that is cleaned, by each type of elevator is shown belov-1. 
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Country 

Inland Tenninal 

Port Terminal 

GRAIN CLEANED16 

PERCENT OF RECEIPTS 

7.8 

22.1 

14.6 

QUANTITY 
(~illion bushels/year} 

415 

348 

397 

Equipment used to clean grain varies from simply screening it 

to a simultaneous screening and winnowinq operation. The simple 

screening devices remove large sticks, rocks, tools. and other trash. 

Particulate matter which becomes airborne as the grain rolls over 

the screens will generally settle inside the elevator and not escape 

to the atmosphere. However, a small amount of suction is often 

applied to reduce the particulate matter concentration inside the 

elevator. This suction system usually discharges through an 

air pollution control device to the atmosphere. The more complex 

ventilated cleaners pull or blow air through the screens to lift 

chaff and other light impurities from the grain (see Figure 2-5). 

The light material is collected in a cyclone or fabric filter. 

Uncontrolled particulate emissions from screens are estimated 

to be 3.2 lbs per ton of grain. Uncontrolled particulate emissions 

from the combination cleaning systems are estimated to be 6.0 1bs 

p~r ton of grain. 
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Both country and terminal elevators have scales which are 

preceded and followed by surge bins. Conveyors discharge a 

continuous stream of grain into the upper surge bin while the 

scale weighs batGh quantities and discharges them into the lower 

surge bin, which also empties continuously. Generally~ the grain 

drops directly into the shipping vehicle; however, sometimes it 

may be necessary to convey the grain to the shipping station. 

The air displaced by the entering grain must be vented from 

the scale hopper and both surge bins. The surge bins and scale 

hopper can be vented to each other to prevent particulate emissions. 

Particulate emissions can occur at transfer points as grain 

is fed onto or discharged from a conveyor. Examples of transfer 

points are the discharqe from one conveyor onto another, the 

discharge from a l~q onto a conveyor, or the discharqe from a 

storage silo onto a tunnel belt conveyor. If these transfer 

points are not hooded, fuqitive particulate matter may be emitted 

directly to the interior of the elevator or directly into the 

atmosphere. 

Particulate emissions from handling equipment can be prevented 

in many areas through the use of totally enclosed equipment. Another 

me~od which minimizes particulate emissions is to handle grains 

at slower rates. This reduces agitation of the air around the 

flowing grain and less particulate matter becomes airborne. 
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Uncontrolled particulate em1ssions from handling operations 

are estimated to be 6.0 pounds per ton (lb/T) of grain. Again~ 

the amount of particulate matter generated is dependent upon the 

same parameters wh1ch have been previously discussed~ These are: 

1. the type of equipment used; 

2. the speed of operation; 

3. the type of grain; 

4. its moisture content; 

5. the amount of entrained foreign material; an~ 

6. the volume of ventilated air. 

2.2.6 Grain Drying 

Grain with more than 14 percent moisture must be dried to prevent 

its spoiling. Therefore, it must be dried within a few days after 

receipt. Corn, soybeans, and milo are the three major grains that 

require drying. A typical country elevator might be equipped with a 

1000 bushe1 per hour (bu/hr) dryer while a typical terminal 

elevator may have one or several 2000 bu/hr dryers. There are two 

basic types of grain dryers, rack and column (see Figure 2-6). 

Grain enters the top of both types and flows downward in a continuous 

stream and out the bottom. Air blown through the grain streams 

evaporates the excess moisture. Grain with 16-22 percent moisture 

can be reduced to 13 or 14 percent in one or two passes through 

the dryers. 
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Particulate matter and chaff can become entrained in the air 

and carried from the dryer. The potential quantity of particulate 

emissions is largely dependent on the type and model of dryer. 

In a column dryer the grain flows in a continuous column between 

two perforated metal sheets to the bottom. Most of the parti cu1 ate 

matter is trapped within the column of ~rain and never reaches 

the side of the dryer. A rack dryer contains baffles or racks 

around which the grain and hot air must flow. This creates 

a cascading motion of the qrain and can cause increased 

particulate emissions. The dryer is also more open, since 

the air does not pass through metal sheets. 

Uncontrolled particulate emissions are estimated to be 

as much as o~s pound per ton (lb/T} of grain from column 

dryers and 4.0 pounds per ton (1b/T) of grain from rack 

dryers.17 The amount of particulate matter generated is 

dependent upon: 

l. the type of dryer; 

2. the model of dryer; 

3. the type of grain dried; and 

4. the amount of entrained foreign material. 

2.2.7 Truck Loarling 
.... ·--~.---

Grain is usually shipped by truck from country elevators. 

ThP. arain to be loaded out is weighed in the scale hopper 

and then dropped into the lower surge bin. It flows directly from 

the surge bin down a chute into the truck {see Figure 2-7). Often 

the loading area is not enclosed and wind that blows across the end 
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of t~e loading spout entrains particulate matter from the grain 

stream. Some type of enclosure could greatly reduce the 

atmospheric particulate emissions. Particulate emissions can 

also be reduced by decreasing the free-fall distance between 

the end of the loadinq spout and the truck bed. This can 

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

Uncontrolled particulate emissions from truck loading have 

not been estimated. The amount of particulate matter generated 

by truck loading is dependent upon: 

1. the amount of protection from the wind; 

2. the free-fall distance between the end of the spout and 

the truck bed; 

3. the type of grain; 

4. its moisture content; and 

5. the amount of entrained foreign material. 

2.2.8 Railcar Loading 
-- . . '- - - ., -"'--~--~--- ··- ---· --

2.2.8.1 Hopper Cars- Grain is shipped by hopper cars from country and 

inland terminal elevators. They are loaded through either a long 

rectangular hatch down the center of the car or two rows of round 

hatch openings. The grain to be loaded out is weighed in the scale 

hopper and then drops into the lower surge bin. It flows from the 

surge bin directly down a loading chute into the railcar {see 

Figure 2-7). Particulate matter can be entrained in the air 

displaced from the car. 

Reducing the free-fall distance between the end of the spout 
; 

and the top of the hopper car with canvas socks or telesceping loading 
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spouts lowers particulate emissions because it decreases the 

winnowing effect of wind blowing across the end of the loading spout. 

The amount of particulate matter escaping the car can be reduced 

by keeping hatch.openings closed if possible. Some type of enclosure 

around the loading area could also diminish particulate emissions. 

Uncontrolled particulate emissions from hopper car loading 

have been estimated at 0.27 pound per ton (lb/T) of grain.13 

The amount of particulate matter generated is dependent upon: 

1. the amount of protection from the wind; 

2. the free-fall distance ·between the end of the loading spout 

and the top of the hopper car; 

3. the open area (hatches) through which air can be displaced 

from the car; 

4. the type of grain; 

5. its moisture content; and 

6. the amount of entrained foreign material. 

2 •. 2.8.2 Boxcars -Before a hoxcar can be filled. with grain) grain 

doors must be installed over the doorway in the side of the car. The 

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

three-fourths of the height of the door opening. The grain is directed 

from the scales down a loading spout and through the opening above 

the grain door (see Figure 2-7). Particulate mat~er can be entrained 

in the air displnced from the car. Some type of enclosure around 

the loading area could also diminish particulate emissions. 
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Uncontrolled particulate emissions from boxcar loading have 

been estimated to be 0.27 pound per ton (lb/T) of grain. 13 The 

amount of particulate matter 9enerated is dependent upon: 

·1. the amount of protection from the wind; 

2. the type of grain; 

3. its moisture content; and 

4, the amount of entrained. foreign material. 

2.2.9 Barge Loading 

There are two mechanisms which result in particulate emissions 

during the loading of barges. The first is when the grain drops 

from the loading spout into the barge {see Figure 2-8). Often~ 

a free-fall distance of several feet between the end of the spout 

and the top of the barge allows wind to entrain particulate 

matter from the grain stream.· This free-fall distance can be 

reduced and particulate emissions minimized by using canvas 

socks or telescoping loading spouts. The second is re-entrain­

ment as the particulate matter boils up from the hold. Barges 

can carry approximately 50,000 bushels of grain. The hold, 

is often covered with four large steel hatches. To fill a hold 

the entire top must be uncovered by a crane. The newest designs, 

however, use a large fiberglass cover with several small hatches 

that one man can swing open. The smaller hatch openings minimize 

the surface area of the grain that is exposed to the wind. This 

is a very important improvement s i n·ce there appear to be no 

barge loading areas that are enclosed and entrainment by the wind 

is the major mechanism by which particulate emissions occur. 
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Uncontrolled particulate emissions from barge loading have 

been estimated to be 1.2 pounds per ton (lb/T) of grain. 18 The 

amount of particulate matter generated is dependent upon: 

--

1 . the open area of the top of the barge; 

2. the free-fall distance between the end of the loading spout 

and the top of the barge; 

3. the type of grain; 

4. its moisture content; and 

o. the amount of entrained foreign material. 

. 2.2.10 Ship Loading 

Grain loaded into ships is conveyed from the scales to the loading 

dock where it drops down long spouts into the ship's hold at rates 

of about 40,000 bushels per hour. 

Fifty to 80-foot loading spouts are not unusual. Particulate 

emissions increase with the length of the spout because more 

particulate matter is created by abrasion of the kernels 

as they bounce down the long loading spout. The velocity 

of the falling grain also increases, which causes an increase 

in the amount of air entrained in the grain stream. Strong 

winds, typical of sea coast areas, also increase particulate 

emissions by entraining particulate matter from the free falling 

grain stream below the loading spout. Increased loading rates 

cause more rapid displacement of particulate-laden air from the 

hold and also increase particulate emissions. 
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Uncontrolled particulate emissions from ship loading 

have been estimated to average 1.2 pounds per ton {lb/T) of 

grain. 18 The amount of particulate matter generated is 

dependent upon: 

1. the length of the loading spout; 

2. the loading rate; 

3. the type of ship; 

4. the type of grain; 

5. its moisture content; and 

6. the amount of foreign material in the grain. 

Three types of ships are used to haul grain. Each presents 

a different source of particulate emissions. (see Figure 2--8). 

2.2.10.1 Bulk Carrier- The bulk carrier's hold is compartmented 

by a series of vertical bulkheads. There are no internal structures 

to hamper the loading operation. Hatch openings are large and 

permit easy access to all parts of the hold. The loading 

operation for this ship can be separated into two stages: 

;) general fi11inn to within four feet of the top of the hold; 

and 2} "topping off 11 or fillinq the top four feet of the hold. 

Particulate emissions are greatest during "topping off 11 because 

the wind can readily carry the particulate matter away. The 

hold cannot be covered at this time because it is necessary 

to move the spout around rapidly to spread the grain. Therefore, 

it is necessary to minimize the distance between the spout and 

the grain surface in order tm reduce particulate emissions. 
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2.2.10.2 'Tweendecker' -The hold of the 'tweendecker' is similar 

to a bulk carrier except that 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 dects to 

assure the hold is completely filled. Otherwise the grain could shift, 

'which c~uld cause the ship to list or capsize. To position the grain 

under the intennediate deck, a 11 trimmer11 or high-speed conveyor belt 

is used to throw the grain from the loading spout. This trimmer 

generates a large amount of particulate matter so that loadin~ a 

•tweendecker• results in. more particulate emissions than a bulk carrier. 

2.2.10.3 Tanker- A tanker is designed for transporting liquid in 

bulk, but is often used for grain. Access to the holds is gained 

through two types of hatches. The primary hatch, the 11 hardhat, 11 is 

three feet in diameter and is used for loading most of the grain. 

The 11 butter-worth 11 is one foot in diameter. It is used for filling 

the small spaces which remain after filling through the hardh'ats. 

Less particulate matter 7scapes during filling of tankers than other 

ships since they are more enclosed. 
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3. SUMMARY OF THE PROCEDURE FOR THE DEVELOPMENT 
OF THE PROP!iSEO STANDARDS. 

3.1 LITERATURE REVIEW ANfJ INDU~TRIAL CONTACTS 
The program for development of stan.dards of performance for grain 

elevators relied largely on results of a previous investigation of air 

pollution emissions and control techniques in the grain and feed industry 

sponsored by EPA. 1 This earlier study contains the responses of 509 

elevators throughout the country to a questionnaire on the air pollution 

aspects of their business. During the study~ discussions were held with 

numerous individual grain marketing companies, manufacturers of process 

and control equipment, and a trade association {National Grain and Feed 

Association). State air pollution control agencies were contacted for 

their reco11111endations on the 11 best controlled .. grain processes in their 

areas. Based upon the information from these sources, a number of 

elevators were selected for on-site visits. Later, certain of these 

were more closely evaluated by actually measuring the emissions from 

tnetr control devices. 
---~---·~·---- ·- . ~ 

3.2 PLANT lNSFECTIONS 

EPA engineers selected and visited fm~ty-five reportedly well-controlled 

elevators to evaluate the particulate control systems and obtain infor­

mation on the major equipment or operational parameters that affect 

emissions. The major details noted during the inspections were: 

l. design and effectiveness of hoods, 

2. type and effectiveness pf control devices, 

3. visible emissions at the point of particulate matter 

generation and pickup, 

4. visible emi.ssions from th~e control device, 

5. mafntenance scftedu 1 e for fabric fi1 ters·, 
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6. adequate emission test locations, 

7. process operation and cycle, 

8. process variables that are reqularly measured, and 

9. types of ~rains handled and periods of operation. 

From these visits, 20 plants were selected for actual measurement 

of particulate emissions. 

3.3 SAMPLIN~ AND ANALYTICAL TECHNIQUES 

3.3.1 Elevators 

EPA Reference Method 5 was used to gather the data used to 

support the proposed particulate standards for emissions from 

control devices at grain elevators. The provisions of this method 

were originally published in the Federal Register on December 23, 

1971 {36 FR 24877). Minor revisions of the method have been 

published since then. The method provides detailed sampling 

methodology and equipment specifications. The method also provides 

specific procedures for the measurement of moisture content and 

volume of gas sampled, and permits continuous assurance of isokinetic 

sampling. 

Method 5 was not used exactly as prescribed in the Federal Reqister. 

The electrical heating systems for the probe and filter holder were not 

used because the gas streams sampled were of low temperature and 

moisture content and grain dust (particulate matter) presents a 

nossible explosion hazard. Under these stack conditions, the operation 

of Method 5 without probe or filter heaters does not affect the 

accuracy of the results. The effect of operatin~ the sampling train 
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without heaters is that the in-stack and out-of-stack filtration 

methods can be considered equivalent. 

Sampling and analytical techniques for particulate matter are 

discussed in more detail in Chapter 8, section 8.7. 

3.3.2 Dryers 

Grain dryers typically exhaust directly from the outlet of the 
control device to the atmosphere without the use of an exhaust stack. 

The cross sectional area of the outlets is generally quite large. The 

resulting low velocities and unconfined flow are not amenable to 

sampling with conventional techniques. Therefore, during the develop­

ment of the standard of performance, attempts were made to 

develop methodology which.would allow representative sampling. Since 

hooding could cause exhaust pressure buildup and upset the drying 

process the procedures which were employed focused upon techniques 

for measuring low velocities, and for obtaining representative samples 

unaffected by crosswinds. Both a hot wire anemometer, and special 

pitot tube technique were used in attempts to accurately measure velocity. 
-

A three-foot section of 12-inch diameter duct was placed perpendicular . 

to the exhaust outlet to serve as a mini-stack. Sampling was conducted 

at the center of the duct section while the duct section was traversed 

across the control device outlet. 

Based upon the experience gained during two tests employing 

these techniques, it was concluded that sampling results of acceptable . 
accuracy could not be obtained. Both the problem of crosswinds, and 

the strong vertical component present in the exhaust gas flow which 

varies from source to source were identified as primary factors pre­

venting obtainment of representative samples. 



3.4 EMISSIONS MEASUREMENT PROGRAM 

3.4.1 Elevators 

EPA used Method 5 to perform particulate emission tests on 11 

installations at grain elevators controlled by fabric filters. The 

systems chosen for tests controlled well-defined operations where the 

process weight could be determined. The systems collected particulate 

matter generated during truck unloading, boxcar un1oad1ngs barge unloading, 

conve.ving and transfer, grain cleaning, railcar loading, and ship 

loading. 

Each test consisted of three, two-hour test runs, except as .noted 
•• --- ---- ~e+- ~- _..,... ___ • ~· k ·~·-.............. -- -

in Chapter 5 for facility I. Grain handling operations are intermittent, 

therefore, the sample train was stopped and restarted several ·times 

during each test to coincide with the process operation. Process 

parameters monitored during each test were: 

1. the type of grain handling ·systems (deep or shallow hopper, 

telescoping spout, etc.), 

2. the type of grain processed, 

3. the weight or volume of grain P.rocessed, 

4. the percent moisture in the grain, 

5. the percent foreign material (chaff, other grains, broken 

kernels, stones, etc.} in the grain,and 

6. the conveyor belt speed (where appropriate). 

Particle size was measured at five of the facilities using a Brinks 

impactor. In all but one case, attempts to measure the particle size 

of uncontrolled particulate emissions entering the fabric filters 

(inlet tests) were unsuccessful. L arge particles plugged the sample 
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nozzle preventing further sampling. In tests of outlet . 
particulate emissions from the fabric filters, not enough 

particulate could be collected on the impaction plates to 

wei~h accurately. 

Visible emissions were observed for a minimum of 1 hour 

at nine elevators from both the fabric filters and sources of 

fugitive particulate emissions. 

3.4.2 Dryers 

EPA attempted to develop a standard test procedure for 

grain dryers and obtain representative particulate emission 

samples from two dryers. It was concluded that much more 

work would be required to develop a reliable test procedure. 

Visible emissions were observed for at least one hour at 

four column dryers and for one-half hour at one column dryer. 

Two rack dryers were also observed for visible emissions. 
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4. EMISSION CONTROL TECHNOLOGY 

A discussion of emission control technology in this industry must 

separately consider the equipment used to capture particulate emissions 

ann that which actually removes pollutants from a gas stream. Grain 

elevators use a large variety of equipment to capture particulate 

emissions from the many processes; nowever, they all use similar 

equipment or control devices to remove the captured particulate from the 

effluent gas stream. Data from a questionnaire survey on the types 

o~ emission control devices currently in use at 324 country elevators, 

196 inland terminal elevators, and 12 port terminal elevators are shown on 

Table 4-1. 1 

Almost every elevator that does control emissions uses either a 

cyclone or fabric filter. Cyclones are classified as either high· 

efficiency or low efficiency. High-efficiency cyclones are characterized 

by a narrow inlet opening, long body length relative to body diameter, 

and a small outlet diameter. The higher gas velocity in the cyclone 

results in a collection efficiency of about 85 to 95 percent. The pressure 

drop across a high efficiency cyclone may be 3 to 5 inches of water. This 

is the most common control device used at elevators. Law-efficiency 

cyclones have large inlet openings, large diameter bodies and large aut­

let diameters. The slower gas velocity results in collection efficiencjes 

between oO and 85 percent and pressure drops of only 0.5 to 2.0 inches of 

water. 

Table 4-1 shows that fabric filters are not now used at country 

elevators, but are used at terminal elevators and processing plants. Their 
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TABLE 4-1 

EMISSION CONTROL DEVICES AT EXISTING ELEVATORS 

Faci 1 i ty and Percent Controlled by Percent with 
Process Fabric Filter Cyclone Other Device No Control 

Country 
Receiving 0 30 1 69 
Shipping 0 21 1 78 
Cleaning 0 60 13 27 
Transfer 0 27 0 73 
Legs 0 58 1 41 
scale and surge bins 0 26 1 73 

Inland Terminal 
Receiving 19 40 0 41 
Shipping 17 12 l 70 
Cleaning 10 33 0 57 
Transfer 27 64 9 
Legs 24 53 23 
Scales and surge bins lj 17 75 
Tripper 8 14 78 

Port Terminal 
Receiving 46 30 0 24 
Shipping 0 26 0 74 
Cleaning 15 22 0 63 
Transfer 27 55 18 
Legs 41 22 37 
Scales and surge bins 41 22 37 
.Tripper 1 56 43 

Process Storage 
Receiving 42 16 2 40 
Cleaninga 44 55 1 
Transfer 58 26 16 
Legs 50 30 20 
Scales and surge bins 45 23 32 
Tripper !)0 24 26 

aPercent of controlled plants, only. Data were not sufficient to determine 
the percentage of plants without controls. 
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·-most common use is the control of ~articulate emissions from transfer 

operations. Fifty-eight percent of the terminal elevators use fabric 

filters. These are frequently located in metropolitan areas where control 

requirements are greater. 

The typical modern fabric filter at an elevator handles 2000 to 

30,000 cubic feet of air per minute. Most are package units that can be 

supplied by several manufacturers. The filters operate under negative 

pressure with the fan pulling air through the system. Felted, synthetic 

fabrics are the most common collection media. The air-to-cloth ratio is 

usually between 10:1 and 15:1. The filter bags are cleaned by reversing 

the air flow through them. Air flow reversal methods include forcing the 

dust cake off the fabric with back pressure; collapsing the cloth thereby 

cracking the dust cake; snapping the cake off with a pulse of compressed 

air; and blowing it off with a reverse jet which traverses the outside 

surface of the cloth. 

The methods of capturing particulate emissions for each operation 

in the industry must be considered individually. Three possible alterna­

tive methods of control are considered for each affected facility. 

System 1 represents the control typically required by State re9ulations. 

The best possible system EPA could envision represents System 3 control. 

System 2 control represents either an intermediate method between 

System 1 and 3 control or is equivalent to method 3 control. These 

methods consider the total control of particulate matter for each 

facility, the capture system and the control device. 
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The most important characteristics of the three levels of control 

for each operation are discussed below. 

4.1 RECEIVING (UNLOADING) 

4.1.1 Trucks 

In arid regions, truck receiving hoppers are often completely 

uncovered, but may be enclosed by a roof or tunnel in other areas of 

the nation. The typical capture system consists of a collection hood 

at the back of the receiving hopper. It may be mounted either above 

or below the grate. Location below the grate .is preferable because the 

resulting downward·draft helps prevent the escape of particulate 

matter generated in the hopper. Baffles installed under the grate 

can also help prevent the upward flow of particulate-laden air out 

of the hopper. Such systems are .typically designed for a face 

veiocity of 100 feet p·~r minute ti.irough the grate. 2 To minimize 

the adverse effects of wind on collection efficiency, some type 

of enclosure around t~e receiving area is usually required. 

After capture, the particulate mntter is ventilated to a cyclone 

or fabric filter (Figure 4-1). Emission tests on existing facilities 

show average particulate emis?ions of 0.06 pound per ton (lb/T) of 

grain with cyclone control. Those with fabric filter control emit 

0.005 lb/T of grain. 3•4 

Three levels of control were considered for truck unloadi~~ stations. 

System 1 (typical State regulations} requires the use of a receiving 

hopper, ventilated to a cy~lone. Weather conditions may require the 

use of a shed or a roof enclosure. Method 3 (best technology) would 
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require enclosure of the operation with a four-sided shed having two 

ends equipped with quick-closing doors. The receiving hopper would be 

ventilated to a fabric filter at a rate of approximately 12,000 cfm and 

would contain baffles. The receiving hopper for System 2 would be 

equipped identically as in System 3. However, for System 2, a three­

sided shed is required with one end equipped with a quick-closin~ 

door. 

Presently, no such operation as described in System 3 is in 

operation. The level of the proposed standard, a 0% opacity limit, 

has been demonstrated on presently operating System 2 facilities. 

4.1.2 Railcars 

4.1.2.1 Hopper Cars. Hopper cars are sometimes unloaded using the 

choke feed concept to reduce or eliminate pa~ticulate emissions. In 

this case the receiving hopper is shallow and the grain is allowed 

to form a cone between the opening at the bottom of the hopper and the 

receiving qrate (see Figure 4-2}. There is a momentary cloud of 

particulate matter as the receiving hopper fills, but very little 

durin~ the remain\;er of the unloading operation as the grain steadily 

flows into the hopper. 

Particulate emissions from a deep receiving hopper are contained 

by ventilating the particulote matter from below the grate to a cyclone 
. . 

or fabric filter. The efficiency of particulate pickup can be increased by 

installing baffles under the grate to help prevent the upward flow 

of particulate-laden air out of the hopper. Such systems are typically 

designed for a face velocity of 100 feet per minute through the grate. 2 
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Some type of enclosure around the unloading area can also prevent 

wind from decreasing the effectiveness of the particulate matter 

capture system. Fast action doors can minimize the resulting 

delays in unloading when enclosures are used. 

Particulate emissions from cyclone-controlled hopper car 

unloadin~ operations are estimated to be 0.1 16/T of grain received. 

Wnen fabric filters are used, part1cu1ate emissions are reduced to 

about 0.0002 lb/T ~f grain. 5 

Two levels of control were considered for railroad hopper car 

unloading stations. System 1 requires an operation equipped 

with a three-sided shed with one end being a quick-closing door. The 

receiving hopper is ventilated to a cyclone, except at port terminal 

elevators where fabric filters are used. System 3 and System 2 require­

ments are identical in this situation. A totally enclosed shed is 

required with quick-closing doors on two ends. The receiving hoppers 

are equipped with baffles and are ventilated at a rate of 15,000 to 25,000 cfm 

{depending on the size of the facility) to a fabric filter. 

The proposed standard of no visible emissions is based on a transfer 

of technology from boxcar unloading facilities equipped with the control 

technology re~uired 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. Since most of the particu­

late matter is generated in the receiving hopper, it is usually 

captured by a hood located below the grate and ventilated to a cyclone 

or fabric filter (see Figure 4-2). Baffles installed under the grate 

help prevent the upward flow of particulate-laden air out of the 

receiving hopper. 
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The efficiency of particulate matter pickup can be improved by 

stoppinq winrl action with a flexiole enclosure around the car 

door (Fiqure 4-3} or by enclosing the receivinq area with some 

typ~ of shed {Figure 4-2). Fast-action doors can minimize the 

resulting delays in unloading. Capture systems for these facilities 

are typically designed for a face velocity of 100 feet per minute 

through the grate. 2 

Particulate emissions from bo~car unloading operations with 

cyclone control are estimated to be 0.1 lb/T of grain received. 

When fabric filters are used~ the particulate emissions are about 

0.0002 lb/T of grain. 5 

The two levels of control investigated are identical to those 

systems described under hopper car unloading and the proposed standard 

of no visible emissions has been demonstrated at facilities equipped 

with the control technoloqy required by Systems 2 and 3. 

4. l. 3 Barges 

To minimize particulate emissions from unloading grain from barges, 

the bucket elevators (marine legs)~ receiving hoppers, and conveyor 

belts can be enclosed. Particulate matter is ventilated from the 

enclosures to a cyclone or fabric filter (Figure 4-4). Good maintenance 

of the enclosures is essential for good capture. Particulate emissions 

from barge receiving operations which use cyclones are estimated 

to be 0.2 lb/T of grain received. Fabric filters are able to control 

particulate emissions to about 0.0006 lb/T of grain. 6 

Two levels of control, the requirements of System 1 and Systems 
-

2 and 3, were examined for barge unloading of grain. The requirements 

of Systems 2 and 3 are identical for the unloading of barges. 
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System 1 requires an enclosed bucket elevator (leg) with venti­

lation to a fabric filter. Systems 2 and 3 require an enclosed 

leg from the top (including the receiving hopper) to the center line 

of the bottom pulley. Ventilation to a fabric filter shall be 

maintained, on both sides of the leg and the qrain receivin9 hopper, 

at a rate of at least 32.1. actual cubic meters per cubic meter of gra~n 

handling capacity (ca. 40 ft3/bushe1). 

Due to the high level of vjsihle emissions obtained, an equipm~nt 

standard has been proposed. The specifications previously listed 

for Systems 2 and 3 have been demonstrated and EPA has based the proposed 

standard on these specifications. 

4.2 HANDLING AND CONVEYING EQUIPMENT 

4.2.1 Transfer Points 

Screw conveyors are enclosed and are operated slbwly (less than 

100 feet per minute) so that minimal particulate matter is emitted. 

Drag conveyors are totally enclosed; however, air may be ventilated 

from the enclosure to a cyclone or fabric filter to maintain a slight 

negative pressure. Hoods are needed on belt conveyors only at 

points where the grain is disturbed (i.e., where it enters or leaves 

the belt). ·otherwise, a column of air travels with the conveyor 

an! does not disturb the particulate matter in the grain. Sometimes, 

if transfer points are close together, the belt is hooded along its 

entire length. The capture velocity of air into the hood should 

be 100 feet per minute faster than the speed of the conveyor 

belt (500-600 feet per minute) to overcome the laminar layer of air 

that accompanies the grain away from the hood. 2 Trippers and turn. 

heads are additional transfer mechanisms. Trippers are usually hooded 

4-12 



and ventilated to a control device. Turn heads are usually totally 

enclosed or hooded. 

Air and particulate matter are ventilated from the hoods to 

cyclones or fabric filters (see Figures 4-5 and 4-6). Particulate 

emissions from cyclones used to control conveyor belts are estimated 

to be about 0.1 lb/T of qrain handled. Particulate emissions from 

fabric filters have been measured at about 0.0002 lb/T of grain hanrlled. 3 

4.2.2 Legs 

\.Jheri grai'f1 enters the bottom of a 11.leq" or bucket elevator, a 

positive pressure is created at the top. It is necessary to relieve 

this pressure by venting the leg, connecting the top and bottom 

with a pipe or increasing the size of the housing an the downside 

of the leg. Particulate matter can build up in unvented legs 

creating explosive conditions; therefore, some insurance companies 

require that they be vented to minimize this possibility. 

Particulate emissions from ieg vents can be controlled by cyclones 

or fabric filters (see Figure 4-7). Cyclones are estimated to emit 

about 0.1 lb/T of grain handled. Fabric filters control to about 

0.0002 lb/T of grain handled. 

4.2.3 Scales and Garners 

A scale hopper or bin and the associated surge bins (garners} 

may be vented to a common collector. Both cyclones and fabric filters 

are used. It is also possible to vent the bins to each other such 

that air is exhausted to a common control device. 

4.2.4 Storage Silos 

Normally, particulate emissions from silos are not visible and, 

therefore, they are not controlled. In some cases, storage silos have 
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been ventilated to a fabric filter. The magnitude of particulate 

emissions from storage silo vents has hot been estimated; however, EPA 

believes these emissions to be minimal and therefore does not 

cover silo vents under the proposed standards. 

4.2.5 Scalpers and Cleaners 

Particulate emissions from screen cleaners and scalpers are 

controlled by hooding or enclosing the equipment and ventUating 

the particulate ma tte'r to a cyclone or fabric filter (see Figure 4-6). 

The more efficient ventilated cleaners use tight enclosures around 

the screens and more suction to lift out light impurities. A recent 

development is screen cleaners w:Jich have air-tight enclosures 

and require no ventilation or particulate emissions control device. 

Scalpers are usually totally enclosed. 

Particulate emissions from screen cleaners without ventilation 

which are controlled with cyclones are estimated to be 0.3 lb/T 

of grain handled and those with fabric filters can control particulate 

emissions to about 0.003 lb/T. Particulate emissions from cleaners 

with ventilation are estimated to be 0.6 lb/T with cyclone control 

and 0.014 lb/T with fabric filters. 7 

4.2.6 Headhouse anrl Other Such Structures 

Fugitive particulate emissions from the headhouse and other 

structures which may house additional grain handling operations can 

be minimized by properly controlling the operations inside of these 
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structures. In addition, the headnouse itself can be ventilated 

to an air pollution control device. Particulate emissions from 

headhouses and similar structures have not been est~·mated. 

4.2.7 Control Systems for Handling Operations 

Two levels of control were considered in the standard settinq 

process for grain handling operations. Typical State regulations, 

System 1, require grain handling operations to be ventilated to a 

cyclone, except at terminal elevators where ventil.ation to a fabric 

filter is required. System 3 (best technology) and System 2 require­

ments are identical for grain handling. All grain handlinq operations 

require ventilation to fabric filters or total enclosures. 

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 1n the' industry., column ·and 

rack. Uncontrolled column dryers are cleaner than uncontrolled rack 

dryers by virtue of their design. Emission tests, which can only be 

used as a guide in developing the standards due to testing inaccuracies, 

performed on column dryers with no control showed particulate emissions 

of about 0.25 lb/T,8 and particulate·emissions of about 0.18 lb/T of 

grain dried from a column dryer equipped with a 58 mesh screen. 9 

Particulate emissions from a column dryer with 0.05 inch diameter 

perforations in the column sheeting were measured·at 0.05 lb/T of 

grain dried. 10 

The simplest control technique used on a rack type dryer is a 

screen house. A large enclosure is built around the dryer exhaust 

with 24 mesh screen to retain the beeswings. The beeswings settle 

to the ground and are periodically removea by hand. More sophisticated 

vacuum-cleaning control devices use metal or polyester screens, as shown 
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in Fiqure 4-8. Commonly used screen sizes vary from 35 to 100 mesh. 

Vacuum heads automatically sweep the screen to clean it of captured 

particles. Particulate emissions from rack drYers are estimated to 

be 1.5 lb/T of grain dried when a 24 mesh screen is used, about 

0.3 lb/T when a 50 mesh screen is used, and were measured at 0.05 

lb/T when a vacuum-cleaned 100 mesh screen was used.11 

Figure 4-9 shows the results of emission tests performed on 

rack and column dryers. This graph shows that particulate emissions 

from a rack dryer equipped with a 50 mesh vacuum-cleaned screen 

are approximately equal to particulate emissions from a column dryer 

with no screens. It must be noted again that these data can only be 

used as a guide due to the testing inaccuracies encountered. . . ~ . . . . 
Three levels of control were discussed for column grain dryers 

and for rack grain dryers. EPA determined that typical State regulations, 

System 1, require no screens (filters) on column dryers and 24-30 mesh 

screens {filters) on rack dryers. System 3 control requires a 

100 mesh vacuum-cleaned screen (filter) on both column and rack 

dryers. System 2 would require no screens (filters) on column dryers 

and 50 mesh vacuum-cleaned screens (filters) on rack dryers. 

System 2 column dryers have demonstrated that the proposed standard 

of 0% opacity is achievable. Column dryers with column perforation 

plate hole diameters of 0.084 inch or less have also demonstrated com­

pliance with the proposed 0% opacity standard. System 3 is economically 

prohibitive for column dryers as explained in Chapter 6. Using 100 mesh 

vacuum-cleaned screens {filters) instead of 50 mesh vacuum-cleaned screens 

(filters} on rack dryers results in increased operating costs and 

only minimal reduction in particulate emissions. Particulate emissions 

from column dryers with no screens (filters) are approximately equivalent 
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to particulate emissions from rack dryers with 50 mesh screens 

(filters). Chapter 8 explains this rationale in more detail. 

4.4 LOADING 

4.4.1 Trucks 

Very few truck loading stations have ventilation type control 

systems. Particulate emissions from truck loading can be minimized 

by reducing the free-fall distance between the end of the loading 

spout and the truck bed. This can be accomplished with a telescoping 

spout as .shown in Figure 4-10 or with a canvas sock extension. The 

height of a telescopin9 spout can be quickly adjusted to any level 

to maintain it at the surface of the Qrain. It can also be designed 

to move laterally to spread tne grain. Very little maintenance would 

be required. A canvas sock can serve the same purpose; however, the 

height is not as easily varied and the flexible material does not 

work well in other than a vertical position. _Canvas socks must be 

replaced frequently because some grains are very abrasive and quickly wear· 

holes through the canvas. A permanent hooding devke can also be 

installed but must take into account the variety in size and height 

of trucks. Capture can be improved if the loading area is enclosed 

. by some type of shed. Particulate emissions from truck loading 

facilities control~ed with cyclones are estimated to be 0.03 lb/T. 

Fabric filters can control particulate emissions to about 0.001 lb/T. 

EPA considered three levels of control in developing the proposed 

standards for truck loading stations. The requirements of t_ypical State 

standards is System 1. This requires ventilation to a cyclone. Weather 

conditions may require a shed or a roof to protect the loading operation. 

System 3, considered by EPA to be the best control technique, requires 
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ventilation to a fabric filter and a totally enc1osed shed around the 

truck loading operation. Two ends can be equipped with quick-closing 

doors. System 2 requires ventilation to a fabric filter as in System 3; 

however, it requires a shed with only three sides. One end can be 

equipped with a quick-closing door. 

The proposed standard of 10% opacity has been achieved by a 

System 2 truck loadinq operation. Presently no such operation as 

System 3 exists in the field. 

4.4.2 Railcars 

4.4.2.1 Hopper Cars- Particulate emissions from hopper car loading 

can be similarly minimized by use of a telescoping loading spout or 

a canvas sock extension. All hatch doors on the car must be kept 

closed except for the one grain is entering. This allows the car 

to act as its own sett1inq chamber. 

Another technique used is to install a hood at the discharge of 

the loading spout. The particulate matter is captured and ventilated 

to a control device as shown in Figure 4-11. In this case also, the 

hatch doors must be kept closed. Control can be further improved if 

the loading area is enclosed by some type of shed. Contro11ed particulate 

emissions from hopper car loading facilities which use cyclones are 

estimated to be 0.03 lb/T. Fabric filters can achieve about 0.001 lb/T. 12 

There are basically three control technology systems for railroad 

hopper car loading. System 1, which reflects typical State regulations, 

requires a hooding system ventilated to a cyclone. System 2 requires 

the same type of hooding system but with ventilation to a fabric 

filter. In addition, a special loading spout and a shed with two 

open ends around the operation are required. System 3, the best 
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Figure 4-11. Hopper car loading control system. 
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possible control technology, requires the same hooding, ventilation and 

1oadinq spout as System 2. However. a totally enclosed shed with quick-

closing doors on two ends is required. 

No such operation as System 3 is presently 1n use. System 2 

operations have demonstrated that the proposed opacity limit of 

O% is achievable. 

4.4.2.2 Boxcars - Presently, very few boxcar loading stations use 

any type of control device. The particulate emissions can be captured 

by a hood located beside the track as shown in Figure 4-12. An 

enclosure should be extendable from the hood to the door of the 

car. The particulate matter can then be ventilated to a cyclone or 

fabric filter. Control can be improved if the loading area·is enclosed 
/ " 

by some type of shed. Controlled particulate emissions from boxcar loading 

facilities equipped with cyclones are about 0.03 lb/T of grain loaded. A 

fabric filter would emit less than 0.001 lb/T. 12 

Railroad boxcar loading operations, as in railroad hopper car loading 

operations, have three levels of control which were considered by EPA. 

System 1 requires some form of hooding system ventilated to a cyclone. 

System 3 requires a totally enclosed shed with quick-closing doors on 

two ends and a tightly sealed (side-door) hooding system ventilated to a 

fabric filter. System 2 requirements are identical to System 3 requirements 

except that a shed with two open ends is required. 

EPA is proposing a zero percent opacity standard for railroad boxcar 

loading stations based on a transfer of technology from railroad hopper 

car ~oading stations. 

4.4.3 Ships and Barges 

Particulate emissions from barge loading can be minimized by reducing 

the free-fall distance from the end of the spout to the grain surface 
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Figure 4-12. Control syst~m for boxcar loadinq. 
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as discussed in the truck loading section. All hold hatches not being 

used should be closed. In addition, ventilation from the discharge end 

of the spout mr.ty be necessary {Figufe 4-13). The particulate matter 

ventilated from the end of the spout can be collected in a cyclone 

or fabric filter. Particulate emissions from cyclones which control 

barge loading are estimated to be 0.06 lb/T. Fabric filters can achieve 

about 0.001 lb/T. 

Two approaches are used to control particulate emissions from 

ship loading. 

a. The entire hold is covered with canvas or plastic 

except where the loading spout enters. Particulate 

matter may be ventilated from beneath the cover to 

a cyclone or fabric filter. 

b. A telescoping loading spout is kept extended to the 

grain surface. Ventilation is applied at the end of 

the spout and the particulate matter is collected in 

a cyclone or fabric filter as shown in Figure 4-13. 

Two variations of this latter approach were observed by EPA. The end 

of the loading spout on one operation was extended into the grain surface 

to minimize the generation of particulate emissions. The other operation 

used a '1dead box .. system at the end of the loading spout to slow 

the flow of the grain as it entered the hold. The end of the spout 

was kept a slight distance {six inches to one foot) above the ~rain 

level in the hold. 

Eitb&r approach can be ducted to a cyclone control device which will 

emit about 0.06 lb/T of grain loaded or a fabric filter which will 

emit about 0.001 lb/T.s i 
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Two levels of control were investiqated by EPA for barge and 

ship loading stations. System 1 requires a choke-feed loading 

spout with ventilation to a cyclone. Systems 2 and 3 require a 

similar choke-feed loading spout but with ventilation to a fabric 

filter. 

The best control system has demonstrated that the proposed 

opacity limits of 10% for general loading and 15% for topping-off 

are achievable. 

4.5 ALTERNATIVE CONTROL SYSTEMS 

The individual control techniques for each affected facility 

previously described in this chapter were formulated into three 

alternative levels of control. Each of these alternative systems 

control all of the particulate emission sources from a complete grain 

elevator. For purposes of determining the economic and environmental 

impacts, EPA developed six model elevators and six model processor 

elevators. These model elevators ar~ discussed in Chapter 6. The three 

alternative control systems are summarized in this section. To 

determine the true impact of a control system on air pollution, the 

reduction in air pollution beyond that which would otherwise be 

achieved by state or local regulations must be determined. In most 

states, grain elevators are subject to a general process weight 

regulation designed to minimize particulate emissions from any source. 

Examples of such regulations are illustrated in Figure 4-14. With 

these regulations the allowable particulate emissions are a function of the 

amount of material being handled. The stringency of such regulations 

is often totally dependent on interpretation by the enforcement agency. 
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Telephone conversations with members of several state agencies revealed 

that difficulty has been experienced in defining the source entities at a 
- - ' 

grain e}evator to which the regulation is appropriate. r4ost states appear 

to interpret each process within an elevator as a separate emission source 

which can emit the maximum allowed b.v the process weiaht reaulation. The 
possible extr.emes, of course, are to regulate: (a) the entire elevator 

as one source or (b) each vent or control system as a separate source. 

If the same process curve is used regardless of interpretation, it 

is obvious that allowable emissions increase with the number of emission 

points if each vent system is examined independently. Typical state 

visible emission regulations allow fugitive particulate emissions up to 

20 percent opacity. 

from this information, EPA has concluded that a typical State 
! 

standard (designated as System 1) requires the following: 

System 1 

1. High-efficiency cyclones on all affected facilities 

(excludinq dryers), except railcar unloadtng at port 

terminals, barge and ship loading at inland terminals, 

and barge and ship unloading where fabric filter controls 

are required. 

2. No screens (f1lters} on column dryers and 20 to 30 mesh 

screens on rack dryers. 

System 2 represents a more stringent level of control and is the 

control system on which EPA has based the proposed standards. System 2 

consists of the following: 
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System 2 

1. Fabric filter control on all affected facilities excluding 

dryers. 

2. No screens {filters) on column dryers and 50 or finer mesh 

vacuum-cleaned screens on rack dryers. 

3. Three-sided shed on truck unloading and truck loading. 

4. Shed with two open ends for boxcar and hopper car loading. 

5. Totally enclosed shed for railcar unloading. 

6. Totally enclosed leg for barge and ship unloading. 

System 3 represents the best control technology possible not 

considering costs. System 3 is identical to System 2 except for the 

following items: 

System 3 

1. 100 mesh vacuum-cleaned screens {filters) on column and rack 

dryers. 

2. Totally enclosed sheds on truck unloading. truck loadtng, 

boxcar loading and hopper car loading operations. 
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5. EMISSION DATA TO SUBSTANTIATE THE PROPOSED STANDARDS 

Emission data presented in this section are divided into parti­

culate emission data from fabric filters, particulate emission data 

from grain dryers, and visible emission/opacity data. EPA inspected 

45 elevators in an attempt to find best demonstrated technology 

in the grain elevator industry. Particulate emissions were measured 

from 11 processes controlled with fabric filters at eight of these 

elevators. EPA attempted to measure particulate emissions from two 

grain drying operations. Visible emission/opacity observations 

were taken at eleven elevators from both the fabric filters and 

the sources of fugitive emissions. The results of these emission 

tests are used to substantiate the proposed standards. Appendix C 

describes the tested facilities and provides more detail on the 

results of the mass particulate measurements. 

5.1 PARTICULATE EMISSION DATA- FABRIC FILTERS 

EPA measured particulate emissions from 11 of the best controlled 

processes selected from those at the 45 elevators that were inspected. 

The results summarized i~ Figure 5-1 cover mass particulate matter 

emissions resulting from unloading, handling, cleaning, and loading 

operations equipped with fabric filter control. Facilities A and B 

are truck unloading stations with ventilation of the receiving 

hoppers and with three and two-sided enclosures, respectively. 

Facility C is a totally enclosed boxcar unloading station at a 

terminal elevator. Facilities D and E are barge unloading 

operations {marine legs) at port terminal elevators. Facility F 

1s a completely hooded tunnel conveyor belt and leg boot system, 

and Facility G is a receiving conveyor belt and leg boot system. 
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The fabric filter at Facility H collects particulate matter and chaff 

ventilated from the whole wheat cleaning system of a flour mill. 

Uncontrolled particulate emissions from this cleaning process 

are greater than from cleaning processes at elevators; therefore, 

the controlled particulate emissions should be representative of or 

higher than what can be achieved at grain elevators. Facility I is 

a corn cleaner with some ventilation. Facility J is a ship loading 

station and Facility K is a railcar )oading station with a shed 

with two open ends. In all cases, the processes are controlled 

by fabric filters using felted, synthetic fiber bags, reverse 

air cleaning and an air-to-cloth ratio of about 10:1. 

Whenever possible, all test runs at each facility were conducted 

while only one of the four major grains (corn, wheat. soybeans, milo) 

was processed. However, at some facilities a mixture of these grains 

was handled through the test period. Facilities A, G, and I handled 

only corn; Facility R, only soybeans; and Facilities C, H, and J, 

only wheat. Facility F handled milo exclusively during the first 

four test runs and wheat during the fifth test. The remaining 

facilities (D, E, and K) handled mixtures of two or four grains. 

The data do not show any effect on the emissions from the type of 

grain processed. 

At most of the facilities, three test runs (2 hours each) were 

conducted according to EPA's Method 5 except that no heaters were 

used on the sampling probe and filter holder. Only one run of 

105 minutes was obtained at Facility I because an adequate supply 

of corn was not available to maintain longer operation of the corn 



cleaner. Process operation was normal during all the tests except 

as reported below. 

Very slight visible emissions were evident from the fabric 

filter exhaust at Facility E, and several large particles were 

caught in the test train. This indicated a leak in the fabric filter 

during the test; therefore, data from test E ~re not considered valid. 

The fourth of five test runs at Facility F was conducted when the 

last portion of milo was being pulled from a storage bin and was 

being "turned .. {moved to another bin). Particulate matter concen­

trations in the fabric filter inlet increased from 0.23 grains per 

dry standard cubic foot (gr/dscf) in previous test runs to 0.90 gr/dscf. 

The .034 gr/scf measured at the fabric filter exhaust during the 

fourth test run was over 100 times higher than the other runs. The 

material caught in the sample train, unlike particulate matter from 

grain that is normally encountered, contained a powdery material. 

Apparently, the mi"lo was contaminated; therefore, the results of the 

fourth test run were not considered representative of normal 

process operation. 

No chemical or physical change takes place in the grain or 

particulate matter as it proceeds through the elevator. Therefore, 

fabric filter particulate emissions from one process should not vary 

significantly from another. This assumption is verified by the 

test data. The average particulate emissions concentration from 

all facilities (excluding Facility E and run 4 at Facility F) is 

.003 gr/dscf. 
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5.2 PARTICULATE EMISSION DATA - DRYERS 

EPA attempted to measure particulate emissions from two grain 

,drvers. The data collected~ however, can only be used as a guide 

in developing the standard due to the numerous difficulties encountered 

in the measurement technique. The Agency has concluded that methods 

for measuring particulate emissions from grain dryers are not 

available at this time. 

Facility L a rack dryer controlled with a screen filter with 

150 micron openings (100 mesh), was tested by EPA. Corn was being 

dried and the process was operating normally. Particulate emissions 

of 0.05 lb/ton were measured from this facility.l 

Facility M, a column dryer controlled by a screen filter with 

300 micron openings {58 mesh), was also tested by EPA. Corn was being 

dried and the process was operating normally. Particulate emissions 

of 0.18 lb/ton of grain dried were measured from this facility.2 

5.3 VISIBLE EMISSION/OPACITY DATA 

Visible emission/opacity observations were taken at 11 elavators 

covering both fabric filters and sources of fugitive emissions •. 

Appendix C descr.1bes the tested fac11 it1es 1n more detail. 

Figure 5-2 surrmarizes the visible emission/opacity data for all the 

fugitive particulate emission sources at grain elevators~ except 

barge and ship unloading equipm~.:nt. This chart give.i the average, 

standard deviation, range, and positive 95 percent confidence level 

of the six-minute opacity averages for each of these affected facilities. 

The proposed opacity standards for these sources are based on the 

positive 95 percent confidence level. 
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Figure 5-2. VISIBLE Ei1ISSION/0Pi\CITY DATA Si.JMHARY 
FOR FUGITIVE PARTICULATE EMISSION SOURCES 
AT f'lRI\Hl ELEVATORS (EXCLUDING BARGE 
AND SHIP UNLOADING EQUIPMENT) 

-

SIX MI ,·~UTE OPACITY AVERAGES 
., 

PROPOSED VISIBLE 
FACILITY EMISSION/OPACITY 

+95% STANDARDS 
N X(%) . s ( %.) RANGE*(%} ... EVEL*(% 

. 

Truck Unloading 138 .02 .09 NVE-1 0 { .2) 0% Opacity 
~ 

Ra i1 car Un 1 oadi ng 20 0 0 ALL iiVE 0 No Visible Emissions 

r,rain Hand; ing 36 0 0 ALL NVE 0 0% Opacity 

' 
Truck Ll')adinq 30 II , 1 2.5 1-10 8(8.2) 10% Opacity 

-- ~---~--··. --- 1--------·-- "" .,., ........ ··---.. -.-~ ~--------... -·--
,_ ______ 

f.---·-·· -----·-----. 

Railcar Loadfng 

a. Boxcar 6 3.7 1.1 3-5 6(5.5) 0% Opacity 
loading 

b. Hopper Car 24 0 0 NVE-0 0 0% Opacity 
Loading , -

Barge and Ship 
Loading 
a. Topping off 18 . 5.7 4.8 

~~-
14(13.6) 15% Opacity 

·-·-·-- --........................ -.. -... ----· .... -~·~ . 

b. General 49 3.4 2.6 9 8(7.6) 10% Opacity 

.. Dryj. ng r. a ..... Co1 umn. .126 • 04 . 1.5 NVE-1 0(.25) 0% Opacity .. 

b. Rack 5 0 0 NVE-0 0 0% Opacity 

KEY: 
N= Number of 6 minute Averaqes 
X= Average · 
S= STQ Ueviation 

~VE= ~o Visible Emissions . 
*0DI'!city valw~s have been rounded off to the nearest whol~ number. The 
actual positive 95 pe~cent confidence 1eve1 is given in parentheses. 

5-6 



The visible emission/opacity data are also summrized for each 

affected facility in this section. Visible emission/opacity data 

were gat;1ered using t:PA Reference Method 9, originally promulgated 

1n the FEDERAL REGISTER on December 23, 1971 (36 FR 24877) and revised 

on .iovember 12, 1974 {39 FR 39872}. In obtaining visible emission 

·:lata for the fugitive sources of particulate matter at grain elevators, 

EPA made a distinction between zero percent opacity and no visible 

emissions. No visible emissions means an inspector viewing a 

source would see no visible emissions without the aid of instruments, 

while zero percent opacity indicates visible emissions which are 

not of a magnitude to record five percent opacity. Reference 

Method 9 specifies that 24 observations be taken at 15-second 

intervals and averaged over a six-minute period. The individual 

observations are recorded in 5 percent increments (0, 5, 10, etc.}; 

however, averaging 24 observations may result in a six-minute 

average which is not a whole number. The six-minute average 

is to be rounded off to the nearest whole number following the 

standard rules of rounding {e.g. 0.49 would be rounded off to 

0, 0.50 would be 1, 7.51 would be 8, etc.). This means that an 

affected facility subject to a zero percent opacity standard could 

have two of 24 observations at 5 percent opacity and the other 22 

observations at 0 percent ooacity and still be in compliance. The 

six-minute average in this case would be 0.42 percent and would be 

rounded off to 0 percent, the nearest whole number. 
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5.3.1 Truck Unloading Stations 

Fac11 ity N 

Facility N is a truck unloading station located at a port 

terminal elevator. The visible emiss1onjopacity data from this· 

facility are summarized in Table 5-l. A total of 54 six-minute 

opacity averages were taken which ranged from no visible emissions 

to 1 (0. 03} percent opacity. The truck unloading operation \'Jas operating 

·normally during the observation period. A total of 23 trucks of 

various designs and sizes unloaded wheat during this period. 

Facility A 

Facility A is a truck unloading station located at an inland 

terminal elevator. The visible emission/opacity data from this 

facility are summarized in Table 5-2. A total of 84 six-minute 

opacity averages were taken which ranged from no visible emissions 

to 0 (0. 21) percent opacity. Tile truck unloading operation vJas operating 

normally during the observation period. A total of 51 trucks of 

various designs and sizes unloaded corn and soybeans during this 

period. 

5.3.2 Railcar Unloading Stations 

Facility C 

Facility C is a railcar unloading station at a port terminal 

elevator. A total of 20 six-m1nute opacity averages were taken 

of boxcar unloading operations. All observations were no v1s1hle 

emissions. Table 5~3 summarizes the data obtained at th1s facility. 

A total of nine boxcars were observed durinq normal unloading operations. 
1"heat was being unloaded throuqhout the observat1 on period. 
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Table 5-1 

FACILITY N3 

Summary of Visible Emission Data 
for Truck 'Unloading 

Date: September 25, 1975 

Type of Facility: Truck Unloading 

Type of Discharge: Fugitive 

Location of Discharge: Shed Door 
20' X 15' 

Height of Point of Discharge: 0' to 20' 

Description of Background: Sky and Trees 

Description of Sky: Hazy to Blue 

Wind Direction: North 

Color of Plume: 

Interference of Steam Plume: None 

Distance from Observer to 
Oi.s cha rg:e Point: 40 ft. 

Height of Observation Point: Groun&­
level 

Direction of Observer from 
Discharge Point: East 

Wind Velocity: 5-10 mi/hr 

Detached Plume: None 

Duration of Observation: 9/25/75 - 210 minutes 

Summary of Data: 

Ho. of 6-Minute No. of Averages Rimge of Average 
Run Averages at N-V-E :Averages Opacit,y (%) 

1A 20 17 fH-E to 1 (.83l 0 (0.07) 
18 15 13 N-V-E to 0 .42 0 ~0.03~ 
lC 19 16 N-V-E to 0 ~.21 0 0.01 
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Table 5-2 

FACILITY A4 

Summary of Visible Emission Data 
for Truck Unloading 

Date: September 29~ 1975 

Type of Facility: Truck Unloading 

Type of Discharge: Fugitive Distance from Observer to 
Dischar~e Point: 25 ft. 

Location of Discharge: Shed Door 
20' X 15 1 

Height of Observation Point: Ground-. 

Height of Point of Discharge: O' to 2f).l 

Description of Background: Grain Bin 

Description of Sky: 25% - 75% cloudy 

Wind Direction: Southeast 

Color of Plume: 

Interference of Steam Plume: None 

Duration of Observation: 504 minutes 

Summary of Data: 

No. of 6-Minute No. of Averages 
Run Averages at N-V-E 

' lA !7 24 
18 "24 22 
lC 33 28 
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Direction of Observer from 
Discharge Point: West 

Wind Velocity: 0-10 mi/hr 

Detached Plume: None 

Range of Average 
Averages O[!acitl {%) 

!H-E to 0 1.21l 0 ~ .008) 
N-V-E to 0 .21 0 .009~ 
N-V-E to 0 { .21 0 ( .006 

Level 

., 

,, 



Table 5-3 

FACILITY c3 

Summary of Visible Emission Data 
for Boxcar Unloading 

Date: September 23, 1975 

Type of Facility: Boxcar Unloading 

Type of Discharge: Fugitive 

location of Discharge: Shed Door 
' 20 I X 15 1 

Height of Point of Discharge: o• to 20• 

Description of Background: Building 

Description of Sky: Overcast 

Wind Direction: South-Southeast 

Color of Plume: 

Interference of Steam Plume: None 

Duration of Observation: 120 minutes 

Summary of Data: 

Run 

lA 
lB 

No. of 6-Minute 
Averages 

10 
10 
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Distance from Observer to 
Discharge Point: 20 ft. 

Height of Observation Point: Groun~ 
Level 

Direction of Observer from 
Discha~ge Point: East and West 

14fnd Velocity: 5-10 mi/hr 

Detached Plume: None 

Range of 
Averages 

All N-V-E 
All N-V-E 



5.3.3 Barge and Ship Unloading Equipment 

Faci 1 ity D 

Facility D is a barge unloading operation at a port terminal 

elevator. Table 5-4 summarizes the fugitive emission data collected 

at Facility D. Visible emissions ranged from 0 to 30 percent opacity. 
~ . . . .. . . . . . . . . . . . 

Wheat and corn were being unloaded and the unloading operations 

proceeded normally. These data were taken by an unqualified opacity 

reader. 

Facility E 

Facility E is a barge unloading operation at a port terminal 

elevator. Tables 5-5 and 5-6 summarize the fugitive emission 

data collected at Facility E. The six-minute opacity averages 

ranged from 5 (4.8) to 67 (66.9) percent. Individual opacity read4ngs 

ranged from 0 to 100 percent. These data were taken by an unqualified 

opacity reader. Normal barge unloading operations were maintained 

while soybeans and corn were unloaded. 

5.3.4 Grain Handling Operations 

Facility 0 

Facility 0 is a headhouse and exterior conveyor system (grain 

handling operations) located at a port terminal elevator. Mheat 

was being unloaded, transferred, and cleaned within the headhouse 

during the 216 minutes of observations. A total of 36 six~minute 

opacity averages were taken; all were no visible emissions. Normal 

operation was maintained during the observation period. Table 5-7 

summarizes the fugitive emission data collected at Facility 0. 
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Table 5-4 

FACILITY 05 

Summary of Visible Emission Data 
for Barge Unloading* 

Date: October 17t 1972 and October 18, 1972 

Type of Facility: Grain Elevator Barge Unloading 

' 

Type of Discharge: Fugitive Distance from Observer to Discharge Point: 40 1 

Location of Discharge~ Marine Leg & Barge Height of Observation Point: 51 

Height of Point of Discharge: 15 1 Direction of Observer from Discharge Point: N.A. 

Description of Background: N.A. 

Description of Sky: Clear 

Wind Direction: N.A. Wind Velocity: N.A. 

Color of Plume: . Brown Detached Plume: No 

Duration of Observation: At least four readings were made of fugitive emissions from the 
process every hour and visible emissions ranged from 0 to 30 
percent opacity. 

N. A. - Not Available 

NOTE: DATA TAKEN BY UNQUALIFIED READER· 

*Taken during particulate emission tests of fabric filter. 
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Date: October 30, 1973 

Table 5-5 

FACILITY E6 

SuMmary of Visible Emission Oata 
for Barge Unloading* 

Type of facility: Grain Elevator - Barge Unloading 

Type of P1scharge: Fugftiva Distance from Obseryer to Discharge Point: 300' 

Location of Discharge: Marine Leg and Barge Height of Observation Point: 10' 

Height of Point of Discharge: 0 Direction of Observer from Discharge Point: North 

Description of Background: Shipping Dock, Structural Concrete and Shadows 

Oescriotion of Sky: Clear 

Wind Direction: West Wind Velocity: N.A. 

Color of Plume: Brown Detached Plume: No 

Duration of Observation: Four~y·eight minutes. 

SUMMARY OF SIX-MINUTE AVERAGE OPACITIES 
Time Oeacitl: 

Set Nurrber Start End Sum Average 

1 11:16 11:21 165 

7 r·9l 2 11:22 11:27 115 ~ 3:~ 3 11 :28 . 11:33 125 
4 11:34 11:39 185 ~~ li: ) 5 11:40 11:45 270 
6 11:46 11:51 335 1:8 7 11:52 11:57 265 
8 11:58 12:03 395 17 {16.5} 

Filter became plugged and shut off at 12:03 

Readings ranged from 0 to 20 percent opacity. 

Sketch Showina How O~acfty Varied With Time: 
10Qr----------..----------------TM~-----------------~ 

80 

60 

40 

20 

0 1/2 

Time, hours 
N.A. - Not Ayailabl~ 

,. . . 
NOTE; DATA TAKEN BY UN.!lll(pfi~O .. RFAP~R 

5-14 

*Taken during particulate 
emission tests of fabric 
filter. • 



• Date: October 31, 1973 

Type of Facility: 

Table 5-6 

FACILITY E6 

Summary of Visible Emission Data 
for Barge Unloading* 

Grain Elevator - Barge Unloading . 

Type of Discharge: Fugitive Distance from Observer to Dis~harge Point: 300' 

Location of Discharge: Marine Leg and Barge Height of Observation Point: 10' 

Height of Point of Discharge: 0 Direction of Observer from Discharge Point: North 

Description of Background: Shipping Dock, Structural Concrete and Shadows 

Description of Sky: Partly Cloudy 

Wind Direction: West Wind Velocity: N.A. 

Color of Plume: Brown Detached Plume: No 

Duration of Observation: Sixty minutes. 

SUMMARY OF SIX-MINUTE AVERAGE OPACITIES 
Time o~acitx 

Set Nunber Start End Sum Average , 10:29 10:34 545 23 22.7 
2 10:35 10:40 725 30 30.2 
3 10:41 10:46 1280 53 53.3 
4 10:47 10:52 770 32 32.1 
5 10:53 10:58 955 40 39.8 
6 10:59 11:04 1605 67 66.·9 
7 11:05 ll: 10 1510 63 62.9 
8 11:11 1:30 1580 66 65.8 
9 l: 31 1:36 405 17 18.9 10 1:37 1:42 sao 2l 2 .8 

Readings ranged from 10 to 100 percent opacity • 

• See Sketch Showing How ?pad ty Varied W1th Time in Table 5-5. 

N.A. - Not Available 

NOTE: DATA TAKEN BY UNQUALIFIED READER 

*Taken during particulate emission tests of fabric filter. 
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Table 5-7 

FACILITY 03 

Summary of Visible Emission Data 
for Grain Handling 

· Date: September 23, 1975 

Type of Facility: Grain Handling 

Type of Discharge: Fugitive 

Location of Discharge: Headhouse and 
Conveyor 

Height of Point of Discharge: 100' 

Description of Background: Blue Sky 

Description of Sky: Clear 

Wind Direction: South 

Color of Plume: 

Interference of Steam Plume: · None 

Duration of Observation: 216 minutes 

Summary of Data: 

Run 

1A 
1B 

No. of 6-Minute 
Averages 

18 
18 
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Distance from Observer to 
Discharge Point= 300 ft. 

Height of Observation Point: Ground 
Level 

Direction of Observer from 
Discharge Point: West 

Wind Ve1ocity~ 15-2Smi/hr 

Detached Plume: None 

Range of 
Averages 

All N-V-E 
All N-V-E 



5.3.5 Truck Loading Stations 

Facil it:r: P 

Facility P is a soybean meal truck loading operation at a 

soybean processing plant. As explained in Chapter 4, there 

are no well controlled whole grain truck loading facilities 

presentlv in operation. EPA judged that soybean meal is as 

dusty as grain and is similar to grain; therefore, transfer 

of technology is possible in this situation. The data gathered 

at this facility were used to develop the proposed standard. 

A total of 30 six-minute opacity averages were taken during normal 

loading operati.ons. Nine trucks were loaded with soybean meal 

during the observation period. The range of six-minute opacity 

averages was 1 {0.8) to 10 (10.4) percent. Table 5-8 summarizes 

the fugitive emfsifon data obtafned at this facility. 

5.3.6 Railroad Boxcar loading Stations 

Facility Q 

Facility Q is a railroad boxcar loading operation at an inland 

· termfna1 elevator. Thfs fact11ty 1s the 'best controlled boxcar 

loading operation in the ffeld. However, the fac111ty could be 

better maintained and a higher ventilation rate could be used. 

Table 5-9 summarizes the data obtained at th1s facility. A total 

of 6 six-minute opacity averages·were taken during normal loading 

o~~ratign§~ Foyf ~oxesr§ waf@ loqdaa wi~h berle¥ gyring the 

observation period. The six-minute opacity averages ranged 

from 3 {2.5) to 5 {5.2) percent •. , The proposed standard is based 

on a transfer of technology from railroad hopper car loading 

as explained fn Chapter 8. 
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Table 5-8 

FACILITY P7 

Summary of Visible Emission Data 
for Truck Loading 

Date: February 3, 1976 

Type of Facility: Truck loading 

Type of Discharge: Fugitive 

location of Discharge: Shed noor 
20' X 15' 

Height of Point of Discharge: 0' to 2<r.1 

Description of Background: Grey Building 

Description of Sky: Clear 

Wind Direction: Across opening of shed 

Color of Plume: 

Interference of Steam Plume: None 

Duration of Observation: 180 minutes 

Summary of Data: 

Run -
lA 
lB 

No. of 6-Minute 
Averages 

16 
14 

Distance from Observer to 
Discharge Point: 25 ft. 

Height of Observation Point: Ground .. 
Level 

Direction of Observer from 
Discharge Point: East and South 

Wind Velocity: 5-10 mi/hr 

Detached Plume: None 

Range of Average 
Average~ Opacity (%) 

1 (0.8) to 1 (6.9) 3 {3.1) 
2 (1.9) to 10 (10.4) 5 (5.3) 
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Table 5-9 

FACILITY r( 
Summary of Visible Emission Data 

for Boxcar Loading , 

Date: February 4, 1976 

Type of Facility: Boxcar Loading 

Type of Discharge: Fugitive 

Location of Discharge: Shed Door 
20 1 X 15' 

Height of Point of Discharge: o• to 2D' 

Description of Background: Build1ng 

Description of Sky: Clear 

Wind Direction: North 

Color of Plume: Tan 

Interference of Steam Plume: None 

Duration of Observation: 36 minutes 

Summary of Data: 

Run 

1A 
1B 

No. of 6-Minute 
Averages 

3 
3 

Distance from Observer to 
Discharqe Point: 25 ft. 

Height of Observation Point:Ground 
Level 

Direction of Observer from 
Discharge Point: West 

Wind Velocity: 0-5 mi/hr 

Detached Plume: None 

Range of 
Averages 

3 {2.9) to 5 (5.Z) 
3 (2.5) to 5 (4.8) 

Averaoe 
Opacity'{%} 

4 (3.8) 
4 (3.6) 
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5.3.7 Railroad Hopper Car Loadin~ Stations 

Faci1 itr- R 

Facility R is a railroad hopper car loading station at an inland 

terminal elevator. A total of 24 six-minute opacity averages 

were taken during normal loading operations of corn into seven hopper 

cars. The range of six-minute averages was no visible emissions 

to zero percent opacity. Note: There v1as no wind throughout the 

observation period. This \•tas considered abnormal and was taken 

into account in developing the proposed standard. Table 5-10 

summarizes the fugitive visible emission data from Facility R. 

5.3.8 Barge and Ship Loading Stations 

Facility J 

Facility J is a ship 1oading station at a port terminal 

elevator. A totai of 67 six-minute opacity averages were taken 

during the loading of wheat into two ships. Of the 67 six-

'minute averages, 18 were during the 11 topping off" operation and 

49 were during the general loading operation. Load-out proceeded 

normally for the duration of the observation period. Table 5-11 

summarizes the fugitive visible emission data gathered at Facility J. 

5.3.9 Grain Dryers 

Facility s 

Facility Sis a 2500 bushel/hr cy11ndrica11.v shaped column 

grain dryer located at a country elevator. The perforation plate 

diameters were a series of sizes from top to bottom; .078 inch, 

.0625 inch and .056 inch. A total of 18 six-minute opacity averages 

were taken at this facility. Four of the six-minute averages 
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Table 5-10 

FACILITY R8 

Summary of Visible Emission Data 
for Hopper Car loading 

Date: February 24t 1976 

Type of Facility: Hopper Car Loading 

Type of Discharge: Fugitive 

Location of Discharge: Shed Door 
20 I X 15' 

Distance from Observer to 
Dischar9e Point: 25 ft. 

Height of Observation Point: Ground· 
Level 

Height of Point of Discharge: o• to 2~ Direction of Observer from 
Discharge Point: East 

Description of Background: Building 

Description of Sky: Clear 

Wind Direction: Calm \~ind ·velocity: 0 mi/hr 

Color of Plume: Detached Plume: None 

Interference of Steam Plume: None 

Duration of Observation: 144 minutes 

Summary of Data: 

Run 

lA 
lB 

No. of 6-Mfnute 
Averages 

12 
12 

No. of Averages 
at N-V-E 

5-21 

10 
11 

Range of 
Averages 

N-V-E.to 0 
N-V-E to 0 



Table 5-11 

FACILitY J3 

Summary of Visible Emission Data 
for Ship Loading 

Date: September 23 and 24, 1975 

Type of Facility: Ship Loading . 

Type of Discharge: Fuqitive 

Location of Discharge: Sh1p Hold 

Height of Point of Discharge: 

Description of Background: Sh1p Hold 

Description of Sky: Overcast 

Wind Direction: South-Southeast 

Color of Plume: 

Interference of Steam Plume~ None 

Duration of Observation: 402 minutes 

Summary of Data: 

Distance from Observer to 
Discharqe Point: l5:ft. 

Height of Observation Point: neck 
Level 

Direction of Observer from 
Discharge Point: Southeast to West 

\~ind Velocity: 10-25 mi/hr 

Detached Plume: None 

No. of. 6-Minute 
Run Averages 

No. of Averages · 
at N·V-E 

Range of 
Averages 

Aver.age 
Opacity (%) 

Toppfnrr-Off 1A 9 
1B 9 

0 
1 

1 (.59) to 13 (12.9) 
N-V-E to 17 (17.3) 

5.0 
6 (6.4} 

General 2A 24 
28 25 

8 
5 
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N-V-E to 8 {7.5) 
N-V-E to 9 (8.5) 

3 ( 3. 3) 
4 {3.5) 
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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 0 (0.46) percent opacity. Table 5-12 SUJTII1arizes the data 

obtained at this facility. Normal operation of the dryer 

was maintained during the observation period. Corn was being 

dried at the actual operating rate of 2200 bushel/hr. 

Facility T 

Facility T is a 3500 bushel/hr cylindrically shaped CQlumn 

grain dryer located at a country elevator. The perforation plate 
' ' 

diameters were of two different sizes. Tne top .half has diameters 

of .0625 inch and the lower half has diameters.of .050 inch. 

A total of 40 six-·minute opacity averages were taken at Facility T. 

The range of averages is no visible emissions' to 1 (0.83) percent 

opacity. Corn was being dried and normal operation was maintained 

during the observation period. Table 5-13 summarizes the visible 

emission data collected at this facility. 

Faci 1 ity U 

Facility U 1s a column grain dryer rated at 4000 bushels/hr. 

It is rectangular in shape and exhausts through one side of the 
(, 

structur.e. The perforation plate diameters are .084 inch and are 

uniform over the height of the column. A total of 39 s1x-m1nute opacity 

averages, all zero percent opacity, were taken at this facility. 

Normal operation was ,maintained while corn was being dried. Table 5-14 

summarizes the visible emission data from th1s fac111ty. 
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Table-5-12 

FACILITY S9 

Summary of Visible Emission Data 
for Column Dryer 

Date: October 15, 1975 

Type of Facility: Column Dryer 

Type of Discharge: Fugitive 

.. ... ··-· ~ - ~- .. ···' Loca 'tl on or Ul s cnarge: uryer \ t..y n nuer J 

Height of Point of Oischarge:5 1 to 40* 

Description of Background: Sky 

Description of Sky: Overcast 

Wind D.irection: West 

Color of Plume: White 

Interference of Steam Plume: Yes 

Duration of Observation: 108.minutes 

Summary of Data: 

Run 

lA 
lB 

No. of 6-Minute 
Averages 

6. 
8 

Distance from Observer to 
Discharge Point: 80 ft • 

Height of Observation Point: ~; 

Direction of Observer from 
Discharge Point: East 

\~ind Velocity: 5-10 mi/hr 

Detached Plume: 20' 

Range of 
Averages 

o to 0 (.42) 
0 to 0 ( .46) 
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Average 
Opacity'(%} 

0 (0.18) 
0 {0.17) 



Table 5-13 

FACILITY T9 

Summary of Visible Emission Data 
for Column Dryer 

Date: October 15, 1975 

Type of Facility: Column Dryer 

Type of Discharge; Fugitiye 

Location of Discharge: Dryer {Cylinder) 

Height of Point of. Discharge:. 4 ~ to 1{)' 

. ·. 
Description of Background: Blue Sky 

Description of Sky: Clear 

·Distance from Observer to 
Dischar~e Point: 100 ft. 

Height of Observation Point: Ground­
Level 

Direction of Observer from 
Discharge Point: Southeast 

Wind Direction: West Wind Velocity: 10-15 mi/hr 

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 at N-V-E Averages !1paci ty (%) 

1A 20 5 N-V-E to 1 (.83) 0 {0.07) 
1B 20 0 o to 1.0 . 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 Fac111ty: Column Dryer 

Type of Discharge: Fugitive 

Location of Discharge: Dryer (Side) 

Height of Pofnt of Discharge: 20' to~o· 

Description of Background: Blue Sky 

Description of Sky: Clear 

Wind Direction: West 

Color of Plume: 

Interference of Steam Plume: 

Duration of Observation: 234 minutes 

Summary of Data: 

Run 

lA 
lB 

No. of 6-Minute 
Averages 

20 
19 

Distance from Observer to 
Discharge Point: 60 ft. 

Height of Observation Point: ~round 
Level 

Direction of Observer from 
Discharge Point: East 

Wind Velocity: 0-5 mi/hr 

Detached Plume: 
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Range of 
Averages 

All 0 
All 0 



' 
Faci1 ity V 

Facility V is a 1000 bushel/hr column grain dryer. It is 

similar in design to Facility U and has the same size perforation 

diameters. A total of 28 six-minute o~acity averages were taken 
.. 

at this facility and all were zero percent opacity. Corn was beinq 

dried during the observation period and normal drying operation 

was maintained. Table 5·15 summarizes the visible emission data 

from this facility. 

Facility W 

Facility· W is a rack grain dryer located at a country elevator. 

No air pollution control devices are used on this grain dryer. 

A total of 6 six-minute opacity averages were obtained. The range 

of opacity averages is 7 (7.1} to 13 (12.9) percent. Normal operation was 

maintained while corn was being dried. Table 5-lQ summarizes 

the visible emission data collected at this facility. 

Facility ·x 
Facility X is a 2500 bushel/hr rack grain d~yer located at a 

soybean processing plant. This dryer was equipped with a 50 mesh 

vacuum-cleaned screen filter through which ail exhaust gases exited . 

. fl. total of 5 six-minute opacity averaqes were obtained. /1..11 observa­

tions, a total of 120 taken at 15-second intervals, were no visible 

emissions except for one reanin9 of 0% opacity. Normal dryin~ operation 

was maintained while soybeans were being dried. Table 5-17 summarizes 

the visible emission data from this facility. The wind velocity and 

direction were not recorded because the observer was located between 

two tall structures. This would negate any effects from wind interference. 
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Table 5- 15 

FACILITY V9 

Summary of Visible Emission Data 
for Column Dryer 

Date: October 16, 1975 

Type of Facility: Column Dryer 

Type of Discharge: Fugitive 

location of Discharge: Dryer (Side) 

Height of Point of Discharge: 10' to 3n' 

Description of Background: Ruilding 

Description of Sky: Clear 

Distance from Observer to 
Dischar9e Point: 75 ft. 

Height of Observation Point: 5' 

Direction of Observer from 
Discharge Point: NE 

Wind Direction: West \4ind Velocity: 0-5 mi/hr 

Color of Plume: Detached Plume: 

Interference of Steam Plume: None 

Duration of Observation: 168 minutes 

Surmrrary of Data: 

Run 

lA 
lR 

No. of 6-Minute 
Averages 

14 
14 
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Range of 
Averages 

All 0 
All 0 



Table 5-16 

FACILITY W9 

Summary of Visible Emission Data 
for Rack Dryer 

Date: October 16, 1975 

Type of Fac111ty: Rack Dryer 

Type of Discharge: Fuqitive 

Location of Discharge: Dryer (Side) 

Height of Point of Discharge: 10 1 to 96 1 

Description of Background: R1ue Sky 

Description of Sky: Clear 

Wind Direction: North 

Color of Plume: 

Interference of Steam Plume: 

Duration of Observation: 48 minutes 

Summary of Data: 

Run 

lA 

No. of 6-Minute 
Averages . 

6 

Distance from Observer to 
Discharge Point: 20 ft. 

Height of Observation Point: Ground 
level 

Direction of Observer from 
Discharge Point: North 

Wind Velocity: 5-12 mi/hr 

Detached Plume: 

Range of Average 
Averages Opacity (%) 

7 {7.1) to 13 (12.9) 10 (10.1) 
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Table 5-17 

FACILITY X ll 

Summary of Visible Emission Data 
for Rack Dryer 

Date: August 25, 1976 

Type of Facility: Rack Dryer 

Type of Discharge: Fugitive 
(50 mesh screen) 

Location of Discharge: Dryer (Side) 

Height of Point of Discharge: 0' to 10' 

Description of Background: Adjacent Building 
Wall 

Description of Sky: Partly Cloudy 

Wind Direction: Not Recorded 

Color of Plume: None 

Interference of Steam Plume: No 

Duration of Observation: 31 minutes 

Summary of Data: 

Run 

lA 

No. of 6-Minute 
Averages 

5 

No. of Averages 
at N-V-E 

4 

5-30 

Distance from Observer to 
Discharge Point: 20 ft. 

Height of Observation Point: 
Ground-Level 

Direction of Observer from 
Discharge Point: North 

Wind Velocity: Not Recorded 

Detached Plume: 

Range of 
Averages 

N-V-E to 0 



The data recorded in Table 5-18 were taken within 30 minutes of these 

data and there was no exterior wind at that ti~e. 

Facility V 

Facility y is a 2500 bushel/hr column orain dryer located at a 

soybean processin~ plant. It is rectangular in design and has perforation 

plate hole diameters of .08 inch. Soybeans were being dried during 

the observation period and norMal dryin9 operation was maintained. 

A total of 5 six-minute opacity averagPs were taken at this facility 

and all readings were no visible emissions. Table 5-18 summarizes the 

visible emission data collected at this facility. 

5.3.10 Air Pollution Control Devices 

Facilit~ A 

Facility A is. a truck unloading station, equipped with fabric 

filter control, at an inland terminal elevator. The exhaust from 

the fabric filter was observed during normal unloading operations. 

Corn and soybeans were being unloaded. A total of 56 six-minute 

opacity averages, all no visible emissions, were taken at this 

facility. A summary of the visible e~issfon data from this 

facility is found in Table 5-19. 

Facility B 

Facility B is a truck unloading station, equipped with fabric 

filter control. at a soybean processing plant. Obviously, soybeans 

were being unloaded during the observation period of the fabric 

filter exhaust. A total of 21 trucks were unloaded during the 

observation period and normal operations were maintained. Forty 

six-minute opacity averages were taken and all were no visible 

emissions. Table 5-20 summarizes the visible emission data taken 

at this facility. 
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Table 5-18 

FACILITY Y 11 

Summary of Visible Emission Data 
for Column Dryer 

Date: August 25, 1976 

Type of Facility: Column Dryer 

Type of Discharge: Fugitive 

Location of Discharge: Dryer (Side) 

Hei~ht of Point of Discharge: 25' to 60' 

Description of Background: Column Dryer 
l~a11 

Description of Sky: Partly Cloudy 

Wind Direction: Calm 

Color of Plume: None 

Interference of Plume: No 

Duration of Observation: 31 minutes 

Summary of Data: 

Run 

lA 

No. of 6-Minute 
Averages 

5 

5-32 

Discharge from Observer to 
Discharqe Point: 50 ft. 

Height of Observation Point: 
Ground-Level 

Direction of Observer from 
Discharge Point: NE 

Wind Velocity: 0 mi/hr 

Detached Plume: 

Range of 
Averages 

All N-V-E 



Table 5-19 

FACILITY A4 

Summary of Visible Emission Data 
for Fabric Filter 

Date: September 29, 1975 

Type of Facility: Fabric Filter (Truck Unloading) 

Type of Discharge: Stack 

location of Discharge: On Roof 

Height of Pofnt of Discharge: 20' 

Description of Background: Sky & Green Duct 

Description of Sky: Partly Cloudy/Sunny 

Wind Direction: South 

Color of Plume: 

Interference of Steam Plume: None 

Duration of Observation: 336 minutes 

Summary of Data: 

Run 

lA 
18 

No. of 6-Minute 
Averages 

28 
28 
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Distance from Observer to 
Discharge Point: 100 ft. 

Height of Observation Point: Ground 
Level 

Direction of Observer from 
Discharge Point: SE 

\~ind Velocity: ~.0-15 mi/hr 

Detached Plume: None 

Range of 
Averages. 

All N-V-E 
All N-V-E 



Table 5-20 

FACILITY B lO 

Summary o·f Visible Emission Data 
for Fabric Filter 

Date: November 21. 1975 

Type of Facility: Fabric Filter (Truck Unloading) 

Type of Discharge: Stack 

.. ~ ... __ .. ~ -··- _,... ........ . Locat1on ot Ulscnarge: ~1ae OT ou1 1u1r~ 

Height of Point of Discharge: 

Description of Background: Dark Wall 

Description of Sky: Overcast 

Distance from Observer to 
Dischar~e Point: 20 ft~ 

Height of Observation Point: Ground 
Level 

Direction of Observer from 
Discharge Point: East 

Wind Direction: North Wind Velocity: 15~35" mi/hr 

Color of Plume: 

Interference of Steam Plume: None 

Duration of Observation: 

Summary of D!lta: 

Run 

. lA 
18 

No. of 6~Minute 
Averages 

20 
20 
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Detached Plume: None 

Range of 
Averages 

All N-V-E 
All N-V-E 
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6. ECONOMIC IMPACT 

6.1 CHARACTERIZATION OF THE INDUSTRY 

6 . 1. 1 .J n t.rll<iY.c t i on 

The primary functions of the grain elevator industry are to store, 

handle, and merchandise grain. In addition to transshipment, the 

handling function includes grading, cleaning~ blending, and drying. 

Grain is harvested only during short periods within the year, but 

marketing and consumption is a continuous process. The implication of 

this is that some grain elevators engage primarily in grain movement from 

the farm to the market; Other elevators engage primarily in storage. The 

emphasis of the development of the standards is on the handling and 

distribution of grain. 

In this section, information is provided on the character of the 

firms engaged in the industry, the size and distribution of elevators, 

grain prices, the price mechanism, and trends. The industry analysis 

1n this chapter is divided into two categories: {1) firms who handle 

and move grain as their prima~y ~usiness (grain elevators), and (2) 

grain processors with handling and storage facilities. 

6. l. 2 GraiJ:tEl eyatqrs 

6 .1.2.1 Fir.m .Char.a.c~terj.stics 

In terms of ownership concentration, the grain elevator industry 

is characterized by many single plant firms. This is prevalent especially 

among country elevators (see Table 6-1). Some 64 percent of the elevators 

in existence during 1967 were owned by firms with a single, or perhaps 

two, elevators. These same elevators were responsible for handling about 

71 percent of the grain in terms of sales value. These firms also 
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0'1 
I 

N 

Finns with 

1-2 Elevators 

3-5 Elevators 

6-25 Elevators 

26 Elevators or more 

Total 

Table 6-1. CONCENTRATION OF OWNERSHIP OF COLNTRY ELEVATORS 
Single and Multi-Unit Firms - 1967 

% of total Sales value 
# of firms # of elevators elevators {$1,000) 

4,033 4.160 64.2 $3,985,180 

234 597 9 .. 2 485,002 

118 751 11.6 525,840 

24 969 15 .o 594,686 

4,409 6,477 100.0 $5,590,708 

Source: U. S. Department of Commerce, U. S. Census of Business, 1967. 

% of sales 
value 

71.3 

8.7 

9.4 

1 o. 6 

100.0 
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traditionally hire relatively few people. Of the grain elevator businesses 

included in 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.1 These employment statistics and the low concentration 

in ownership are indicative of small businesses. 

The low concentration of ownership engenders strong competition in 

the industry. Most farmers in the primary grain production areas tradition­

ally have been within a short distance from several elevators owned by 

different firms. Many elevators were constructed during a time when 

farmers used obsolete forms of transportation, which dictated that these 

elevators be built at a short distance from the farm. Now, farmers have 

larger and more efficient conveyances to move grain to the elevators with 

the consequence that competition is stronger among elevators. 

Elevator operators are sensitive to cost increases that amount 

to only a fraction of a cent per bushel handled. This observation is 

an important consideration in the impact analysis of air pollution con­

trols in Section 6.3. 

The four basic types of grain elevator operators are: (1) grain exporters, 

{2) food processors and feed manufacturers, (3) farm cooperatives, and (4) 

independents. Grain exporters who are merchandisers of grain for 

retailing in world markets are generally associated with ownership of 

inland and port te~inals. Their motivation in this regard has been 

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 quality needs for processing. Both exporters 
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and food processors have ample capital availability~ good management, and 

generally little difficulty in passing forward increased costs. 

Farmer cooperatives are important in grain marketing in those areas 

remote from the consumer markets or port terminals. These cooperatives, 

owned by farmer members/shareholders, provide storing, handling, and 

merchandising services for the farmers. Cooperatives, not only individu­

ally are becoming larger organizations, but also are increasing their 

ownership of country and terminals elevators. In 1963, cooperatives 

owm:!d 38 pe;'c.t:nt of the ccuntry elevators and 20 percent of terminals. 

By 1980, they are expected to own 60 percent of the country elevators 

and 25 percent of the terminals. This growth pattern is occurring at 

the expense of the independents, who are very small businesses. The 

latter generally find difficulty in acquiring tapital and .frequently are 

reluctant or unable to modernize their facilities. 

The significance of the growing importance of farm cooperatives is 

the one factor responsible for the anticipated trends in elevator con­

struction. These organizations will be making important decisions in 

modernizing elevators to take advantage of changes in transportation modes 

and costs, namely multiple-car train discounts. The cooperatives will be 

upgrading elevators where unit-train service can be provided, shutting 

down elevators where rail service will be discontinued, and trucking 

.grain to modernized plants. 

The impact of this trend will be attrition of small or uneconomical 

country elevators clustered in areas where short distances separate them. 
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Increased costs~ as a result 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 lists the number and size of grain 

warehouses, which have signed contracts under the Uniform Grain Storage 

Agreement for permission to store government-owned grain. 2 These data 

indicate that some 6700 country warehouses (country elevators} with 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. 

A size distribution of elevators for 12 North Central States3 shows 

that 42 percent of country elevators had less than 100,000 bushel storage 

capacity; 64 percent less than 200~000 bushel storage; and 84 percent 

less than 400,000 bushel storage capacity. Furthermore, 16 percent of 

the elevators with greater than 400,000· bushel storage capacity accounted for 

54 percent of aggregated storage capacity. 

6 .1.2.3 Demi'!n_d for_ .. U_. S_! Grain 

The 1950 1 5 and the early 1960's were characterized by surplus pro­

duction of grain with large stockpiling of surplus grain stocks. As 

shown in Table 6-2, a long-term trend toward balance between supply and 

demand has occurred since 1961. This is reflected in the gradual decline 

of carry-in stocks. A surge in foreign demand during the 1970 1 s has 

been an important factor fn this trend. 

A gradual increase in foreign and domestic consumption is expected 

through 1981. These data indicate that there will be very little demand 

for new storage capacity. This is shown by.the projected 2,312 million 
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Table 6-2. DOMESTIC CONSUMPTION, EXPORTS, PRODUCTION, 
AND CARRY-IN STOCKS OF MAJOR U.S. GRAINSa 

Domestic 
Crop Year Consumption Exports Production 

- m1llion bushels -

1960-61 6,392 1 '357 8,173 
1961-62 6,526 1,593 7,538 
1962-63 6,407 1,550 7,505 
1963-64 ·6,277 1,837 7,994 
1964-65 6,256 1 ,825 7,392 
1965-66 6,902 2,293 8,440 
1966-67 6,873 l ,935 8:.484 
1967-68 6~919 2.008 9,398 
1968-69 7,301 1 ,632 ' 9,432 
1969-70 7,745 l ,936 9,639 
1970-71 7,692 2,047 8,891 
1971-72 8,094 2.183 10,895 
1972-73 8,296 3,354 10,531 
,1973-74 8,243 3,452 11 '190 
1974-75 8,658b J,oosb 9,521 
1980-81 9,555C 3,2aoc 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, grain sorghum, oats, barley, rye, rice. 

b USDA Estimates. 

c Arthur D. Little, Inc. Estimates. 

Source: U. S. Department of Agriculture and Arthur D. little, Inc. Estimates 
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bushel estimate for carry-in stocks.4 Production increase from 9,521 

million bushels in 1974-75 to some 12,753 million bushels in 1981 indicates 

that the grain handling industry will need to continue handling large 

quantities of grain. 

The level of on-farm storage capacity directly affects the demand 

for commercial elevator storage. On-fann storage capacity is unknown; 

however, the Department of Agricultural Statistical Reporting Service 

indicates a growing trend of on~farm storage of grain. 5 

6.1.2.4 Prices. amLPrice;: Sf:ltttn.g 

Grain prices which are the basis for setting cash and future con­

tracts are posted daily for the major commodity markets (Chicago, 

Minneapolis, and Kansas City), where the greatest bulk of grain traffic 

converges at large terminal facilities. These prices are what exporters 

and processors pay to grain merchants in these terminal market cities. 

To these prices are added such costs as ocean freight, insurance, addi­

tional storage fees, and handling costs that are incidental to the 

exporters and processors. 

The cash (market) price, exclusive of incidental charges, paid by 

an exporter or processor at the terminal is then shared with the farmer, 

country elevator and terminal operators, and shippers (railroads or 

other transportation companies). Each elevator operator subtracts from 

the price paid by a terminal or port, his.shipping costs of forward 

delivery to the terminal or port, his own costs of storing and handling, 

and his operating margin before he presents a negotiable price to the 

farmer or merchandiser closer to the production area. The farmer either 
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accepts this price on any given day or waits a few days or weeks for a 

better price. In any event, the farmer competing with many grain producers 

of a perishable commodity must be a price taker. 

Although grain prices fluctuate continuously, grain elevators 

protect their cost structure and profit margin by offsetting any cash 

purchase with a forward sale in the future markets. Cash and future 

prices move together in tandem, which enable elevator operators to 

handle the risk of fluctuating market prices. 

Ar!y elevato!" operator~ of cnursP., is affected by competing elevator 

operators, with regard to his own and his competitors costs, and trans­

portation differences. All elevator operators compete in acceptance of 

the terminal market price established in the major commodity.centers. 

Any cost increases incidental to an individual elevator are included in 

his cost structure and are reflected in a lower negotiation price to 

the fanner. 

The farmer has the choice of accepting, waiting out for a higher 

market price, or selling to a competitive elevator. The outcome for this 

elevator operator depends on the presence of proximate elevators. If 

the farmer does not absorb these cost increases which are reflected in a 

lower price for his product, the elevator operator has to absorb these 

costs from his profit margin. In summary, this is the price determination 

mechanism used in analyzing the impact of incremental control costs incurred 

with the establishing of new source performance standards. 

In the economic analysis of elevators, grain pri'ces are assumed to 

have no influence on establ ish.ing profit margins and handling increased 

control costs. As mentioned earlier with regard to hedging via futures, 
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the market prices of grain are not important in determining revenues to 

the operation. The elevator operator negotiates a price on a cents-per­

bushel basis, which takes into account a margin for his expenses and some 

profits .. Although this supposition gives the impression of a constant 

operating margin on a cents-per-bushel basis, the elevator operator still 

is subject to volume changes in his total operation because of fixed 

costs for depreciation, interests, taxes, and so forth. 

Another area where gr.ain prices would be important is in the inventory 

valuation on balance sheets. Again consistent with the discussion above, 

total fixed assets in the discussion on capital availability for pollution 

controls excludes the value of grain inventories. 

6.1.2.5 Determinants of New Construction 

The most important factors of change occurring within the grain 

handling industry have come from the transportation industry. lower rail­

road rates for multi-car units and abandonment of railroad branch lines 

are forcing the grain handling industry to shut down inefficient elevators 

~nd modernize existing elevators on viable rail lines. 

In order to increase their competitiveness, railroads began to offer 

discount rates in 1970 for shipping in units of up to 100 cars. These 

unit-trains, so the railroad industry thought, were to capture the 

efficiencies of faster turnaround times and to reduce delays in loading, 

switching, and unloading cars. Furthermore, the railroad industry encour­

aged the use of jumbo hopper cars rather than the boxcars for the trans­

port of grain. A jumbo hopper car- can haul 3500 bushels of grain as 

opposed to 2000 bus he 1 s for. the typi ca 1 40-foot box car. 
J' 
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The savings in multi-car train rates over single car rates varies 

according to the distance between gathering and final unloading points, 

the size of train~ and usage requirements set forth by the particular 

railroad company.· On the latter score, some grain shippers would have 

to guarantee the use of the train for 5 or more consecutive trips; on 

the other hand, a shipper may request a multi-car train on an occasional 

basis. 

To this point in time~ the availability of multi-car rates has been 

of the major grain exporters believe that similar rates will eventually 

be offered by the railroad companies in the wheat production areas.6 

The impact of the changes in the transportation system upon the 

grain elevator industry plus the increased demand for grain will produce 

some significant changes for the grain elevator industry. New distribution 

systems will be created. These will include the construction of small 

grain gathering inland terminals in the production areas shipping to new 

port terminals. These small inland terminals will either be brand new 

types of terminals which specialize in high volume grain handling with 

minimum storage or modernized country elevators rebuilt with greater leg 

capacity and some increased storage. 

In addition, distribution systems presently serving existing port 

terminals are expected to be overhauled to accommodate transportation 

savings ann handle greater output. In many remote areas, grain elevators may be 

abandoned because of the loss of railroad branch lines. In these areas, 

grain will have to be hauled to terminals by large trucks (diesel tractor-
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trailer). As far as new country elevators, few are expected to be 

built. However, in some cases some new elevators may have to be built 

to replace facilities destroyed by fire, explosion, or some similar 

catastrophe. 

Estimates of new and reconstructed elevators have been made which 

reflect these trends as just discussed. Table 6~3 shows the estimated 

number of elevators in 1974 and in 1980. 7 The trends in the table 

show emphasis on the construction of high throughput elevators~ those 

having fast loading capability to accommodate multi-car trains. The 

critical assumptions underlying these estimates are as follows: 

(1) the level of U. S. grain exports will fluctuate moderately 

around 3.2 billion bushels per year. 

(2) multi-car railroad rate discounts will be offered for all 

major grain producing areas in the United States. 

(3) some 70 percent of the grain shipped for export will be handled 

by high throughput terminals because the greatest transportation 

savings appears to be in the long-h~ul, 100 car unit~ 

trains. 

(4) only about 20 percent of the grain shipped for domestic consump­

tion will be handled by high throughput elevators. 

(5) by 1980~ a significant number of branch rail lines will be 

abandoned, thereby interrupting rail service for many country 

elevators and resulting in some shut-downs (an attrition rate of 

about 3.5 percent for traditional country elevators and 2.5 per­

cent for traditional inland terminals}. 
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Table 6-3. ESTIMATED CHANGE IN THE U.S. GRAIN ELEVATOR 
INDUSTRY STRUCTURE~ 1975-1981 l·IITHOUT 

NEW SOURCE PEnFOm1ANCE STANDARDS 

Estimated number of elevators 
Type elevator 1974 1980 Change 

Traditional country 6480 4635 -1845 

Upgraded country (25 car) 90 305 +215 

Upgraded country {50 - 100 car) 60 200 +140 

High throughput terminals 45 150 +105 

Traditional inland tennina1s 390 335 -26 

Traditional port tenninals 65 70 +5 

Totals 7130 5695 -1406 
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A significant portion of the graint particularly corn, handled by 

elevators is dried artificially. Most artif1c1a1 drying of corn takes 

place at the farm or at the first recipient elevator. However, occasionally 

some "wet" grain is shipped to terminals where it is dried. particularly 

during peak harvest when country elevators may be operating at their 

dryer capacity. 

The estimates for new dryers are based ,on the following assumptions: 

(l) most of the growth in dryer capacity has ~lready occurred up to 

this point in time. 

(2} no new breakthrough in grain drying technology will occur through 

1980. 

(3) a replacement rate of about 5 percent annually of the current dryer 

capacity will be used {based on average life of 20 years}. 

The estimates of new elevator and dryer construction are shown in 

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 to ownership 

of elevators was briefly touched upon. These processors have grain handling 

facilities primarily for receiving and storage of grain intended for their 

own mill needs. There are basically five types of food processors of 

interest here: 

tl) wheat mills who produce wheat flour 

(2} dry corn mills who produce corn flour 

.(3) rice mills who clean and dehull rice and 

produce whole grain rice 

{4) wet corn mills who produce primarily corn starch 

{5) soybean processors who produce soybean meal as 

a major ingredient for animal feed and soybean 

oil. 

The discussion on grain prices and pricing in Section 6.1.2 would have 

some application here. Grain processors generally buy grain on the 

basis of world market prices in the same manner as exporters. In 

terms of managing increased costs for pollution control, these firms would 

be expected to attempt to pass forward some or all of these cost increases 

to consumers of the products--to the extent allowed by competing processors. 

Grain prices assumed for the various model plants in calculating 

sales revenues and impact of controls are as stated in Table 6-4.8 These 

grain prices are assumed to be the average prices for the 1975-1980 

period. 
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Table 6~4. GRAIN PRICES USED IN MODEL PLANT ANALYSIS 

Grain 

Soybeans 

Wheat 

Corn 

Rice 

Price, $ per bushel 

5.40 

3.45 

2.40 

4.73 

This section explores the industry characteristics, plant 

sizet consumer demand for products, and growth potential for each 

grain processor type. 

6.1.3.2 Soybean Processors 

The soybean processing industry is characterized as having a 

trend toward fewer plants, yet larger output and employment as a whole. 

From 1963 to 1972, the number of plants has declined from 102 to 94, em­

ployment has increased from 6500 to 9000 employees (salaried and waged}, 

and value added (which does not reflect grain price} has increased from 

$152 million to $346 mi11ion.9 

With regard to size profile~ most of the production appears to be 

concentrated in plants generating about $30 million in sales revenues. 

Table 6-5 shows the size profile of plants in terms of employees and value 

of shipments for 1967. 
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Table 6"5 • SIZE PROFILE OF SOYBEAN MILLING PLANTS 

Establishment size, Number of Approximate number Value of shipments. 
1967 employees establishments of employees, million dollars 

by sector 

1 - 4 13 <50 3.0 

5 - 9 5 <50 3.2 

10 - 19 6 100 27.7 

20 - 49 24 900 346.5 

50 - 99 31 2200 753.1 

100 - 249 16 2200 611.5 

250 - 499 6 2700 403.4 

> 500 1 N.A. N.A. -· 
TOTAL 102 8000 2148.3 

Source: Census of Manufactures. 1967 

Uf all the grains discussed in this section, soybeans appears to be 

the most 11 kely grain to have well-defined growth. Increasing world 

demand for protein sources will require use of soybeans both for production 

of animal foods and meat substitutes in foodiproducts for human consump-

tion. Its increasing importance as a food source will displace some of 

the markets for flour (wheat and corn) products. 

Strong incentives exist for the soybean industry to invest in 

new storage and handling capacity. In recent years, soybeans have cost at 

harvest time about one-third of their peak off-season price. Despite the 

opportunities available in the futures markets, there appears ample 
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opportunity for materials cost saving by buying and storing large stocks 

at harvest time. Industry experts feel that over the next five years, 

two additional large soybean plants will be built annually, with ten 

additions per year to existing plants. 

6.1.3.3 Flour Mills 

Wheat and dry corn mills are lumped together5 in this section, 

because in many instances the same plants process both grains. The end 

product is basically the same. flour. 

The flour milling industry is characterized as having l1tt1e 

growth, consolidation of production into fewer plants, and attrition of 

the smaller plants. Total number of plants have declined from 618 in 

1963 to 450 in 1972. Value added has increased from $373 million 

in 1963 to $509 million in 1972 with a virtual standstill from 1967 to 1972.10 

Table 6-6 shows the size profile of plants by value of shipments 

and employees. Demand for flour products is expected to remain unchanged 

over the next few years. There appears· to be ample capacity in milling 

which will preclude any 'new construction. Furthermore, little incentive 

exists to add storage capacity for the purpose of holding grains for specu­

lative purposes. As a result, no capacity additions are exoected through 

1981. 
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Table 6-6. SIZE PROFILE OF DRY CORN AND ¥mEAT MILLING PLANTSa 

Establishment size. Number of Approximate number Value of shipmentsj 
1967 employees establishments of employees, million dollars 

by sector 

1 - 4 210 300 18 

5- 9 62 400 24.5 

10 - 19 56 800 48.6 

20 - 49 84 2700 313.2 

50 - 99 74 5300 720.8 

1 An 1"1111'\ I I 
..I.VV - .C."t::1 

r,_.AA 
"t'+ I:JIUV 

1'\IA ... 

0'+":1•:> 

250 - 499 9 4300 479.9 

? 500 2 N .A. N.A. 

TOTAL 541 20,500 2454.6 

aincludes all flour milling except rice. 

Source: Census of Manufactures. 1967 

6.1.3.4 Wet Corn Milling 

The wet corn milling industry is composed of seventeen very 

large plants. These plants are characterized as having large fixed 

assets, from $15 mi 11 ion to $115 mi 11 ion. Over the past ten years, 

four new plants have come on-stream {two small plants have closed). 

Wet corn mills produce corn starch, sugars corn oil, gluten, animal 

feed. and related products. Starch is also made from potatoes and wheat, 

as well as corn. However, corn starch is felt to be the major component 

of starch production. 
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Very little growth is expected for the industry over the next 

few years. Ample processing capacity exists for the short-term (up to 

five years}. Demand for products is expected to increase slowly and steadily. 

Furthermore, wet corn millers don't appear to have any problems in 

acquiring raw corn. Their production needs only constitute about 10 

percent of all American corn production. This would seem to preclude 

any need for additional storage at existing plants. 

6.1.3.5 Rice Mills and Commercial Rice Dryers 

At least 90 percent of the U.S. rice crop is milled in compari­

sion to less than 10 percent of the domestic corn crop and approximately 

30 percent of the u.s. wheat crop. The product of rice mills is whole 

grain rice. 

Rice is harvested "green" or rough and must be dried within 

forty-eight hours after harvest. After drying! rice can be stored inde­

finitely, awaiting milling. A good portion of the drying at this 

junction is conducted by on-farm dryers and commercial rice dryers. 

Rice is grown in three principal regions in the U.S.: (1) Cali­

fornia, (2) Gulf Coast along Texas and West Louisiana, and {3) Mississippi 

River valley along Arkansas, Mississippi, and Northeastern Louisiana. 

Mill size, configuration, and ownership patter.ns vary from region to 

region. In Louisiana are found the smallest plants, which are family 
I 

owned. Texas and California have the largest mills. Co-ops own the 

plants in California {about 80 percent) and Arkansas (about 60 percent). 

Elsewhere, private indivfduals and corporations own the rice mills. 
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The number of rice mills has decreased from 74 in 1963 to 

56 in 1972.11 The plant closings have been primarily due to 

acquisitions and consolidations in Texas and California. Table 6-7 

shows the profile of plants by employee size and value of shipments. 

The typical rice mill is assumed to process 2.88 million bushels of 

rice per year. 

Table 6-7. SIZE PROFILE OF RICE MILLING INDUSTRY - 1967 

Number of Number of Approximate Value of Value adde 
employees in ~:si.:ablishmeuts -··-'L.-- -· .., ........................ ~ ... f"' no..- P"'nlnv 

''\.&.W.U~&. V4 ............ 1:"" .................. -, r-• --..r--., 
d 
ee., 

establishment in sector employees by $ million $ thousand 
sector 

1 - 4 10 25 0.8 8.0 

5 - 9 6 42 21.0 9.5 

10 - 19 6 95 10.4 36.8 

20 - 49 18 630 65.7 13~6 

50 - 99 17 1240 191.3 23.5 

100 - 249 7 1000 121.8 24.9 

250 - 499 4 1300 156.4 28.5 

TOTAL 68 4200 548.4 24.7 

Source: Census of Manufactures, 1967 
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On the other hand~ ownership of commercial rice dryers is 

spread among many small firms. There were some 219 commercial rice 

dryers in 1973.1 2 The plant size of these dryers varies from 

100,000 bushel capacity to 7 million bushel capacity. Most plants 

are less then 500,000 bushel capacity. (The terms capacity and annual 

throughput ace used interchangeably in this analysis for dryer 

facilities because they ar~ assumed to have an annual throughput 

to capacity ratio of 1.0.) 

In terms of ownership~ some 160 of the dryers are owned by 

independents, or 73 percent of the total; yet, the indeoendents only 

own 59 percent of the storage capacity. Farm cooperatives who own 

this remaining portion of the dryers, are most important in Arkansas. 

These dryers are the largest in the industry and the co-operatives 

control some two-thirds of the marketing. California is also important 

in terms of co-operative participation in drying. In recent years 

new investment in drying and storage capacity in California has only 

been initiated by cooperatives or large independent rice mills. 

Elsewhere, in.particular in Louisiana and Mississippi, the major trend 

has been toward on-farm drying and storage. 

Integration of drying and storage with milling has been growing 

in California. Low returns on drying and storage as a result of low 

fees set by th~ California Public Utilities Commission has discouraged 

commercial rice dryers. As a result, the mills have invested in 

drying and storage to assure access to grain supplies. In the 

Mississippi River Delta Region, backward fnte~ration from ric~ m.111s 

to rice dryers has not occurred. 
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The growth in demand for rice will most probably come from the 

international sector, particularly Asian countries where rice is a 

dietary staple. Domestic demand remains relatively unchanged. Recent 

history has witnessed shortages of rice and upsurge in prices, prompted 

by increased demand in the foriegn sector concurrent with crop failures 

in the rest of the world. The outlook for prices is uncertain~ but 

the world demand will be growing. 

One of the few areas in the world that can expand production 

rapidly is the U.S. However, this is constrained to the Mississippi 

River Delta RP.gion where both water and land are available to support 

increased production. Increased production'will require additional 

drying and storage facilities. 

It is difficult to predict who will build new drying and storage. 

facilities. As pointed out earlier, these functions can be done on-farm, 

commercially, or by the rice mills themselves. The economic analysis 

is structured on the basis that either commercial rice dryers or mills 

will be prospective new sources. 

From the standpoint of the pricing mechanics, any incremental 

costs incurred by the mills are assumed to be passed backward to 

the commercial rice dryers or fanmers. This argument is similar. to 

the one used in the marketing of the other grains. 

As far as expansio~ projections, Arthur D. Little estimated that 

10 new rice mills would be built over the next five years ending in 1981. 

Tllese mills are assumed to require storage facf1i.ties. Added drying 

capacity to handle the incremental production for these mills is 

assumed to be shared with these mills and new commercial rice dryers. 
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6.2 CONTROL COSTS AND COST EFFECTIVENESS FOR NEW/RECONSTRUCTED SOURCES 

6.2.1 Introduction 

The purpose of this section is to present estimates of capital 

and annualized costs for control technology alternatives which may 

be used in developing the rationale for recommending new source 

performance standards. This section will combine new and reconstructed 

facilitie·s for the reason that most of the anticipated growth 

will be in the area of expanding and upgrading existing grain 

elevator facilities. The grain handling industry in this section 

will be divided between the distribution system (grain elevators) and 

grain processors. In addition, grain dryers, which are a support 

function in the grain distribution system, will be highlighted and 

discussed as a separate topic on cost effectiveness. 

Most of the discussion on control alternatives and costs will 

be emphasized in the grain elevator segment. Following the discus­

sion of control technology alternatives for the individual affected 

facilities will be a presentation of control costs for three levels 

of control system alternatives on a model plant basis. (The model 

plant comprises several unit affected facilities.) In the presenta­

tion of the model plant control systems~ costs will be presented 

for each affected facility. 

The incremental costs of the alternative levels of control 

above costs for State requirements will be identified. The incremental 

costs are important in determining the economic impact of proposed 

performance standards. 

Throughout the sectionJthe terms capital and annualized cost 

are used; therefore, a brief definition is in order. The capital 
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cost·includes all the cost items necessary to design, purchase, and 

·install the particular control system. The capital cost includes 

the purchased cost of the major control device (fabric filter or high 

efficiency cyclone) and auxiliaries such as hoods, fans, and any 

instrumentation; the equipment installation cost including foundations, 

piping, electrical, wiring, retro.fitting (reconstructed sources), 

and erection; and the cost of engineering, construction overhead, 

and contingencies. All costs are updated to reflect January J976 

dollars. 

Research Institute report {MRI )'-. 13 Other sources of cost data were 

the Arthur D. Little study {ADL).14 vendorsl5,16,17 {in particular, 

for grain dryers), and grain handling operators.l8,19 

The following assumptions were used to determine annualized 

costs. Annual capital charges were calculated on the basis of 100 

per cent institutional lending with uniform type payments (capital 

recovery factor). Life of equipment was assumed to be 15 years; 

rate of interest, 10 per cent. Property taxes and insurance and 

administrative costs were calculated on the basis of 4 per cent of 

total capital investment. The electrical expenses were determined 

from the electrical requirements presented in Chapter 7 for 

grain handling. The cost of electricity was assumed as 3 cents per 

kilowatt-hour. Maintenance costs for fabric filters were estimated 

as $0.13 per cfm; high efficiency cyclones, $0.065 per cfm. Fuel for 

grain dryers was assumed to be $2.00 per million BTU. Operating and 

maintenance requirements for grain dryer controls were obtained from 

the various vendors. 
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No credits for product recovery, reduced fire insurance premiums, 

reduced absenteeism of workers, or reduced plant maintenance have been 

incorporated in the pollution control costs. Even where the by-products 

may have significant market values, the assessment of these credits 

is difficult. Therefore, for simplification purposes, accounting for 

credits has been omitted in this analysis. 
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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 

storage} to the port terminal (storage capacity of 5 million bushels). 

I 

Most of the anticipated expansion in the industry will be in response 

to cost savings techniques within the grain distribution system. To a 

lesser degree, some local expansion may occur with a surge in regional grain 

production or consolidation of distribution .facilities. The type of. expan­

sions that are likely to be considered as reconstructed sources are those that 

will upgrade country elevators to accept unit-trains of 25, 50~ 75, or 100 

cars with emphasis on fast loading in a 24 hour period. This will create 

a need on the part of the existing elevator to expand storage and increase 

leg capacity. On the other hand, the high throughput terminal, characterized 

by minimizing storage and specializing in one grain to serve the export mar­

kets, will be the likely candidate for the new grass roots facilities. 

The affected facilities are: truck loading/unloading, railcar loading/ 

unloading, barge/ship loading, barge/ship unloading, handling {including 

conveyors, scales, surge bins, grain cleaning. etc.}, and grain dryers. 

The control technology for each affected facility consists of various 

degrees of particulate capture (enclosures, hooding) and removal {fabric 

filteration vs cyclones). Grain dryers are somewhat different in that 

screen mesh and column perforation diameters are the critical factors 

in their design and performance. A summary of available control 

technologies for each affected facility is presented in Table 6-8 for 
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three 11 levels 11 delineated as: a) best control technology, b) recormnended 

control technology, and c) control technology for state requirements. 

The categorization of controls in this manner allows for easy association 

by the reader with the alternative control levels used later in this analysis 

on a model plant basis. As shown in the table, the major difference between 

A and B is the shed requirements for railroad car loading and the vacuum-cleaned 

screen requirement on column dryers. There are technical reasons why the 

totally enclosed sheds might not be reasonable in addition to significant cost 

differences. The selection of best control technology on the grain dryers is 

a separate issue from the grain loading, unloading, and handling facilities 

in B. It will be discussed further in the chapter. 

The next step is to characterize the model plants and assimilate these 

affected facilities into their configurations. Six model plants that repre­

sent the types of new and reconstructed sources as discussed previously are 

presented in Table 6-9 with the important engineering parameters that are 

used in determining costs. The parameters for storage capacity, throughput 

capacity (leg capacity}, annual throughput, and dryer capacity are given. 

Ventilation rates {acfm) are presented for control systems to handle the 

particulate emissfons for the various affected facilities. 

The model plant sizes used in this analysis are sometimes different 

from sizes of similar plants in the MRI study. Capital costs were adjusted 

by a scale factor of 0.7 {i.e., cost of Control System A= Cost of Control 

System B x (Ventilation Rate of At Ventilation Rate of B)0·7). Ventilation 
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TABLE 6-8. SUMMARY OF CONTROL TECHNOLOGIES ON AFFECTED FACILITIES 

J!.ffected Facil itx A. Best Control Technolog,y 

Truck Loading/Unloading Totally enclosed shed with quick closing 
doors {2). ventilated hopper, FF. 

Box Car Loading Totally enclosed shed vlith quick closing 
doors (2), tightly sealed (side-door) 
hooding system, Ff 

Hopper Car Loading Totally enclosed shed with quick closing 
door(2}, hood. special loading spout, FF 

Railcar Unloading Totally enclosed shed with quick closing 
doors (2), ventilated hoppers, FF 

B. Recommended Control TechnoloJQL 

Shed 1-Jith 1 quick closing doer (other: 
opened) ventilated hopper, Ff 

Shed with open ends 
Same hooding, Ff as (A) 

Shed with open ends 
Same hooding, FF as (A) 
Specia1 loading spout 

Same as (A) 

·. 'f' Grain Handling Ventilation, FF Same as (A) 
"> 

•():) 

Barge/Ship loading 

Barge/Ship Unloading 

Grain Dryers 

A choke-feed spout ventilation, FF 

Totally enclosed leg, ventilation, FF 
(subject to equipment specifications 
on enclosure aspiration) 

Vacuum-cleaned screen/any type 

Reference to Abbreviations: Ff- fabric filter 

Same as (A) 

Same as (A) 

Vacuunr-cl eaned screen/ rack 
No screen/column 

CY - high-efficiency cyclone (efficiency = 90%} 

C. Control Technology for State Requirements 

Ventilated hopper CY {weather conditions 
may require shed or roof cover) 

Some form of hooding system, CY 

Same hooding as {A), CY 

Shed with one end closed CY 
(except for FF on Port Terminal) 

Ventflation, CY 
(FF on Terminals) 

Choke-feed spout, ventilation. CY 
(except for FF on inland terminal) 

Enclosed leg, ventilation, FF 

Screen/Rack 
No screen/column 



TABLE 6-9'. ti)O£L Pl.MT CHARACTERISTICS FOR THE GRAIN ELEVATOR INDUSTRY 

K:IDEL PLANT 1 fii>DEl PLANT 2 fii>D El PLANT 3 MODEL PI.AMT 4 MODEL PlANT 5 I«<DEL PlANT 6 
Traditional Country Upgraded Country Upgraded Country New High Traditional 

Description Elevator Elevator (25 cars) Elevator (50 to 100 cars) Throughput Terminal Inland Terminal Port Terminal 

Capacity 
1. Storage - bu. 500,000 500,000 500,000 350,000 5,000,000 5,000,000 
2. Thruput - bu. per yr 1,000,000 1,000,000 3,500.000 3,500,000 15,000,000 40,000,000 
3. leg • bu. per hr. l K 5000 1 X 10,000 2 X 15,000 2 X 15,000 4 X 15,Mil 4 X 35,000 
4. Dryer - bu. per hr. 1,000 1,000 2,000 2,000 2,000 2,000 

Control S ttla-
tion Rates 
1. Combined Receiving/ 

0'\ loadtng 10,000 16.400 .... 
I 2. Truck Receiving 12,250 12.250 12,250 12,250 

N 
1.0 3. Ran road Car 

Receiving 15,000 25,000 
4. Barge Recetv1ng 15,000 
S. Handling, Weighing 3,000 4,000 2 X 6,000 2 X 6,000 _,.. 

6, Handling, Turning. 
Barge loading 
(Inland Tenn1nal) · 45,000 45.000 

7. Scale and Garner 2 )( 6,000 2 X 10,000 
8. Railroad Car Loading 10 .. 000 10,000 2 X 10,000 
9. Drying 30,000 30,000 60,000 60,000 60,000 60,000 

10. Cleaning 5,000 5,000 10,000 20,000 
11. Ship Loading 20,000 



rates were assumed to be directly proportional to material throughputs, sub­

ject to physical constraints such as spatial requirements for grain unloading 

or loading (boxcar, hopper car, barge, ship, etc.}. Operating costs were 

adjusted in direct proportion to changes in material throughput or hours of 

operation. 

A tabulation of the capital and annualized costs for the individual 

affected facilities for each model plant for three levels of control is pre­

sented in Table 6-10. It is important to point out here that new sources 

sources, and existing sources retrofitted prior to 1975, constructed in 

compliance with State regulations. Hence, level C serves as the baseline 

for comparison of the costs of various control system alternatives. 

To show the impact of the pertinent standards upon the grain industry 

requires segregating certain service-associated costs. Hence, drying, 

cleaning, and handling (unloading, turning, weighing, loading) are separate 

functions in so far as the mechanism of sharing the transaction costs for 

each function. For example, farmers producing those grains requiring clean­

ing and drying will have to pay for the costs of these services. As an aid 

to understanding of the segregation of control costs, a format for the an­

nualized costs (aggregate and unit costs} has been prepared and is presented 

in Table 6-11. 

For comparison with State regulatory requirements on new and reconstructed 

sources, Tab 1 e 6-12 has been prepared to show those incrementa 1 costs over the 

State requirements for the levels of b~st control technology and recommended 

control technology. For the level of best control technology, unit costs 
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TABLE 6--10. TABti.ATION OF CAPITAL AND ANNUAliZED COSTS FOR ALTERNATIVE CONTROLS FOR NEN GRAIN ElEVATOR SOURCES 

tbdel Plant 1 2 3 4 5 6 . 
Traditional Upgraded Upgraded Country New High Traditional Port 

Country Elevator Country Elevator Elevator Through Put Inland Terminal Terminal 
(25 cars) (50 to 100 cars) Terminal 

Annua 1 Through Put, Bushels 1,000.000 1,000,000 3,500,000 3,500,000 15,000,000 40,000,000 
Retrofit Penalty m; 201 10% 0~ 0~ m; 

I A. Best Control Technolo~! lnv,($) Ann.U) I!!!:. { $ L_ AO!h.( fl r--Inv t\$L~nn. !ll ~~'[, ($ t Alhill ln~($}. An!!.Ul lnv.(Jl Ann.U) 
Combined Unloading/loading 103.400 19,700 146,000 27,600 -- -- -- -- ....... -- ·- -Truck Unloading -- -- -- -- 53,000 11,400 52,300 10,60C 48,200 10,200 48,200 10,200 

! Railroad Car Unloading -- -- ~" -- -- -- -- -- 60,500 13.000 95,300 21,000 
Handling, Weighing 17,000 3,600 25,000 5,200 60,800 13,400 55,300 12,500 -- -- -- --

! Handling, Turning, Barge Unloading -- -- -- -- -- -- -- -- 145,300 41,800 145,300 41,800 
Scale and Surge Bins -- -- -- -- -- -- -- -- 55,300 11,500 59,000 14,800 

' Railroad Car Loading 119,400 21,800 108,500 20,000 145.000 28,000 --i -- -- -- -- -- ' ; Cleaning -- -- -- -- 18,400 4,630 16,700 4,350 33,400 7,400 66,800 15.800 . Ship loading -- -- -- -- -- -- -- -- -- -- 66,300 15,100 . Barge Unloading -- -- -- -- -- -- -- -- -- -- 42,300 9,500 
Drying 27,600 5,600 . 27.600 7,000 39,900 8.700 39,900 8,700 39,900 8,700 39,900 8,700 I . 

Totals 148,000 28,900 198,600 39.800 291,500 59,900 272,700 56,200 527,600 120,600 563,100 136,900 

' 8. Recommend Control Technol~ 
Combined Unloading/Loading 55,600 11,500 88,400 17,800 -- -- -- -- -- -- -- --
Truck Unloading -- -- -- -- 45,300 10,100 41,200 9,400 41,200 9,000 41,200 9,ooo· 

cr. Railroad Car Unloading -- -- -- -- -- -- -- -- 60,500 13,000 95,300 21,000 I 
w Handling, Weighing 17,000 3,600 25,000 5,200 60,800 13,400 55,300 12,500 ~- -- -- --...... Handling, Turning, Barge Loadfng -- -- -- -· ~· -- -- -- 145,300 41,800 145,300 41,800 

Scale and Surge Bins -- -- -- -- -- -- -- -- 55,300 11,500 59,000 14,800 
Railroad tar loading -- -- -- -- 43,300 9,640 43.900 6.900 80,000 17,000 -- --
Cleaning -- -- -- -- 18,400 4,630 16;700 4,350 33,400 7,400 66,800 15,800 . Ship Loading . -- -- -- -- -- -- -- -- -- -- 66,300 15.100 

' Barge Unloading -- -- -- -- -- -- -- -- -- -- 99,700 9,500 
Totals 72,600 15,100 113,400 23.000 172,800 37,770 157,100 35,150 415,700 99,700 516,200 127,000 

C. Control Tech. for State R!9ufrements 
Combined unloadfng/Loading 32,850 6,700 55,800 11,300 -- -- -- -- -- -- -- --
Truck Unloading -- -- -- -- 24,000 5,400 21,800 5,000 21,700 4,700 21,700 4,700 
Railroad Car Unloadfng -- -- -- -- -- -- -- -- 26,300 4,800 55,300 26,000 
Handling, Weighing 10,850 2,300 16,000 3,400 60,800 13,500 55,300 12,500 -- -- -- -· 
Handling, turning, Barge Loading -- -- -- -- -- -- -- -- 145,300 41,800 145,300 41,800 

! Scale and Surge Bins -- -- -- -- -- -- -- -- 55,300 11,500 59,000 14,800 
: Railroad Car loading 20,800 4,4001 18,900 4,100 47,900 10,000 -- ---- -- -- --
., 

Cleaning -- -- -- -- 12,400 2,600! 11,300 2,400 22,600 4,800 51 t 100 10,200 
Ship Loading -- -- -- -- --

2s:~oo~ 107:ioo 

-- -- -- 50,600 10,500 
Barge Unloading -- -- -- -- -- -- -- -- 42,300 9,500 

Totals 43,700 9,000 11,800 14,700 118,000 24,000 319,100 77,700 425,300 117 .soo 



Model 

1. Traditional Country 
2. Upgraded - 25 car 
3. Upgraded - 50/100 car 
4. High Throughput 
5. Traditional Inland 
6. Port Teminal 

Model 

1. Traditional Country 
2. Upgraded - 25 car 
3. Upgraded - 50/100 car 
4. High Throughput 
5. Traditfonal Inland 
6. Port Teminal 

Model 

1. Traditional Country 
2. Upgraded - 25 car 
3. Upgraded - 50/100 car 
4. High Throughput 
s. Trad1tiona1 Inland 
6. Purt Terminal 

TABLE 6-11. SUMMA~Y OF GRAIN ELEVATOR ANNAUliZED COSTS FO~ 
AlTERNATIVES LEVELS OF.CONTROL TECHNOLOGY/GRAIN ELE~ATORS 

A. Best Control Technology I~ 

Receiving. 
Hand 1i ng, etc. Drying 

Total Volume ¢/BU Total Volume 

$ 23,300 lMM 2.33 $5,600 501)1 
32,800 lMM 3.28 7,000 so ott 
46,600 3.5MM 1.33 8,700 lMM 
43,100 3.5MM 1.23 8;700 lMM 

104,500 15MM 0.70 6,700 4MM 
112,400 40MM 0.28 8,700 lMM . 

S. Recommended Control Technology 

Receiving, 
Handling. etc. OryfJ19 

Total Volume ¢/BU Total Volume 

$ 15,100 1MM 1. 51 -- 500t4 
23,000 1MM 2.30 -- SOOM 
33.170 3.5ti-f 0.95 -- lMM 
30,750 3. 5f>1M 0.88 .. .. lMM 
92,300 15f<'N 0.62 -- 4MM 

111.200 40MM 0.28 -- 1MM 

C. Contro 1 Techno logy for State Requ1 rements 

Receiving, 
Hand li r.g, etc. Dryfng 

Total Volume ¢/BU Total Volume 

$ 9,000 1MM 0.90 -- 500M 
14.700 lMM 1.47 -- SOOM 
23,300 3.5MM 0.66 -- lMM 
21,600 l.SMM 0.62 ..... lMM 
72,91)0 l5rt-l . I) .4!:1'- .. .. .. 4rtf 1;'~ 

107,300 40MM 0.27 -- lMM 

¢/BU 

1.12 
1.40 
0.87 
0.87 
0.22 
0.87 

¢/BU 

------------

t/BU 

------
~---
~-

. NOTE: l) Volume refers to annual throughput handled. dr1ed. or cleaned ;n bushels per year . 
2) All costs in January 1976 dollars. 

Cleaning 

Total Volume ¢/BU 

-- -- ---- -- -· 
$ 4,600 100M 0.66 

4,350 100M 0.62 
7,400 3MM 0.25 

15,800 6MM 0.26 

Cl...eaning 

Total Volume ¢/BU 

-- -- ---- -- --
$ 4,600 700M 0.66 

4.350 100M 0.62 
7,400 3MM 0.25 

15,800 6MM 0.26 

Cleaning 

Tota1 Volume t!BU 

-- -- ---- -- --
$ 2,600 100M 0.37 

2,400 700M 0.34 
4,800 - 3MM 0.16 

10,200" 6MM 0.17 

... .. 



TABLE 6-12. SUMMARY OF INCREMENTAL COSTS FOR ALTERNATIVE LEVELS OF 
CONTROL TECHNOLOGY ABOVE STATE REQUIREMENTS/GRAIN ELEVATORS 

A. Best Control Technology 

Incremental Incrementa 1 Handling and Drying Unit Costs {~Lbu} Cleaning 
Capita 1 ($) Annualized lJnit Costs 

Model Costs ($/yr) With Drying W/0 Drying (¢/bu) 

1. Traditional 
Country 104,300 19,900 2.55 1.43 0 

2. Upgraded-25 car 126,800 25,100 3. 21 1.81 0 

3. Upgraded-50/100 car 173,500 34,000 1.54 0.67 0.29 
4. High Throughput 165,.400 32,200 1.48 0.61 0.28 

0'1 5. Traditional Inland 208,500 42,900 0.43 0.21 0.09 
• w 6. Port Tenninal 137,800 19,400 0.88 0.01 0.09 w 

B. Recommended Control Technology 

Incremental Handling Unit Costs 
Incrementa 1 Annualized {¢/bu) Cleaning Unit Costs 

Model ·capital ($) Costs ($/yr) W/0 Drying (¢/bu} 
1. Traditional 

Country 28,900 6,100 0.61 0 
2. Upgraded-25 car 41,600 8,300 0.83 0 
3. Upgraded-50/lOO•:car 54,800 11,900 0.29 0.29 
4. High Throughput 49,800 11 ,200 0.26 0.28 
5. Traditional Inland 96,600 22,000 0.13 0.09 
6. Port Terminal 90,900 9,500 0.01 0.09 



have been calculated for grain handled without drying and for that portion 

of grain handled and dried. 

6.2.3 Gr.ain Processors 

The purpose of this section is to present control costs which will serve 

as inputs for the economic analysis of the impact of control alternatives upon 

the grain processing industry. The basic procedure is to present capital and 

annualized costs for air pollution control systems for the model plant con­

figurations, 1n much the same fashion as in the previous section for grain 

elevators. Thus, controi costs will be presented for best ~ontrols~ recommended 
--

controls, and controls for meeting State regulations. The incremental costs 
. .. 

for best and recommended controls above State requirements will be noted. 

The affected facilities include truck and railroad car unloading, handling 

(transfer, sea 1 es, etc. } and dryers. The scope of the ~rain processing 

fnd~stry under investigation includes wheat flour mills~ dry corn mills, 

rfce mills, wet corn mills, soybean processors, and commercial rice 

dryers. The engineering parameters for estimating the control costs are 

presented in Table 6·13~ The contrQl technology for the alternative control 

levels is much the same as that applied for the grain elevators. The capital 

and annualized control costs for each of the affected facilities is presented 

in Table 6~14. The one major difference in costs between grain processors 

and elevators appears in the truck unloading facflity/best technology category. 

Costs are presented for an expanded truck shed to accomodate unloading tractor 

trailer trucks where 2 quick-closing doors would be considered as best techno­

logy. 
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TABLE 6·13• MODEL PLANT CHARACTERISTICS FOR GRAIN PROCESSORS/CONTROL REQUIREMENTS FOR GRAIN HANDLING FACILITIES 

Description Wheat Mill Dry Corn Mill Rice Mill Rice Dryer Soybean Processor Wet Corn Millfng 

Grain Handled. bu. per year 2.718,000 3,348.000 2,880,000 767,000 11,100,000 10.000,000 

Elevator leg Capacity, 
Bu. Per Hour 5,000 6,000 5,000 7,000 20,000 20,000 

Operating Hours (Receiving) 2,500 2,500 2,500 ·. 500 2,500 2,500 

Mill Capacity 5,000 5,000 zoo z.ooo 1,000 30,000 
CWT/24 hr. CWT/24 hr. bb1 per hr. Bu/hr. Ton/24 hr. Bu/24 hr. 

Annual Output 1,250,000 1,250,000 800,000 345,000 330,000 10,000,000 
0'\ (CWT) (CWT) {162 lb per bbl) CWT Processed Ton Processed Bu. Processed 
I 
w Grain Weight Densfty 1.11 

lb. per Bu. 60 56 45 45 60 56 

Control System Ventilation 
Rates, ACFM 

a} Truck Unloadfng 12.250 12.250 same same same 
bJ Car Unloading zs,ooo 25,(100 as as as 
c Handling and Transfer 25,000 25,000 Dry Dry \oft'\ eat 
d~ Scale and Surge Bins 10,000 lO,bOO Cern 3,000 Corn Mill 
e Dryer 30,000 Mill 60,000 Mill 
f} Unloadtng/load1ng 12,250 



TABLE 6-14. TABULATION OF CAPITAL AND ANNUALIZED. COSTS FOR NEW SOURCES/GRAIN PROCESSORS, COMMERCIAL RICE DRYERS . 

- c. Control 
A. Best Control B. Recomrended Technology for 

Technology Control TecrnoloQY State Re(uirements 
All Grain Processors Inv. ($} · Ann.($) Inv. UJ Ann. ~$} tnv. ($) Ann. ($) 

Truck Unloading 62,2oo(1) 13,900 41,200 10,300 21,800 5,800 
Car Unloading 75,300 20,700 75,300 20,700 36,700 10,400 
Handling, Transfer 80,200 28,900 80,200 28,900 61,600 18,300 
Scale and Surge Bins 31:~00(2} 8,100{) 31,100 8,100 20,300 5,000 
Dryers -- 2 -- -- -· --
TOTALS 248,800 71,600 227,800 68,000 140,400 39,500 

Conmercial Rice Dryers Inv. ($) Ann {$) Inv. {$) Ann. {$) Inv. ($) Ann. ($} 

Unloading/Loading 69,300 14,200 62,300 13,000 37,800 7,800 
Handling, Scale 17,000 3,700 17,000 3,700 10,600 1,000 
Dryers 39,900 8.700 -- -- -- --
TOTALS 126,200 26,600 7~.300 16,700 48,400 8,800 

(l)Costs include expansion of truck shed to acconmodate two quick-closing doors. 

(2)For dry corn millers and soybean processors, control capital for dryers is $27,600. Annualized costs are 
$5,600 per year. In addition, some rice mills may dry rice. 



Summaries of capital and annualized costs for alternate controls are 

presented in Table 6-15 for the grain processors and the commercial 

rice dryers. Summaries of incremental costs above State standards are 

presented in Table 6~6. Grain processors affected by drying operations 

have been separated out to highlight the impact of dryer costs for the 

best control technology level. 
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Table 6-15'. Sunmary of Grafn Processors' and Conmerc1a1 Rfce Dryers' Cos~s for Alternative Control Levels 

A. Be~t C~ntrol JecllnoJogy B. Best ~ontro1 TechnolO'lY c. Reconmende<! Contro 1 D. Control Technology for 
Grain Processor (Including Dryers) {w/o Dryers) Technology State Requirements 

Capital Cos~s ($} 276,400 248.800 227,800 140,400 

Annualized Costs ($/Yr) 77,200 71,600 68.000 39,500 

Type Grain Annual Throughput. Unit Costs ·Untt Costs Untt Costs Unit Costs 
Bu. (t/Bu) {¢/Bu) (t/Bu) { ¢/Bu) 

Wheat 2. 78 MM NA 2.58 2.45 1.42 
Wet Corn 10.00 MM NA 0.72 0.68 0.40 
Rice 2.88 MH 2.68 2.49 2.36 1. 37 
Cry Corn 3.35 MM 2.30 2.14 2.03 1.18 
Soybean 11.10 MM 0.70 0.65 o. 61 0.36 

A. Best Control Technology B. Best Control Technology c. Recommended Control 0. Control Technology for 
Commercial Rice Dryer (Including Dryers) (w/o Dryers) Technology State Regulation 

Capital Costs ($) 126,200 86,300 79,300 48.400 

Annualized Costs ($/Vr.) 26,600 17,900 16,700 8,800 

Unit Costs {¢/Bu) 3.45 2.32 2.17 1.14 
(Annual Throu~hput. 
0.77 MM Bu/Vr ... 



. '. 

Table 6-16. Summary of Grain Processors' and Commercial Rice Dryers' Incremental Costs 
for Alternative Control levels Above State Requirements 

A. Best Control Technology B. Best Control Technology c. Recommended Control 
Grain Processor {including Dryers) {w/o Dryers) Technology 

Incremental Capital Costs ($} 136,000 108,400 87,400 
Incremental Annualized Costs ($/yr) 37,700 32,180 28,500 

Annual Throughput, Unit Costs Unit Costs Unit Costs 
Type Grain Bu ( ¢/Bu} (¢/Bu} (¢/Bu} 

Wheat 2. 78 MM NA 1.16 1.03 
Wet Corn 10.00 MM NA 0.32 0.28 
Rice 2.88 MM 1.31 1.12 0.99 
Dry Corn 3.35 MM 1.13 0.96 0.85 
Soybean 11.10 MM 0.34 0.29 0.25 

A. Best Control Technology B. Best Control Technology c. Recommended Control 
Commercial Rice Dryer (including Dryers) (w/o Dryers) Technology 

Incremental Capital Costs ($) 77,800 37,900 30,900 
Incremental Annualized Costs ($/yr) 17 ,MOO 9,100 7.900 
Incremental Unit Costs, (¢/bu) 

(Annual Throughput, 0.77 MM 
Bu/yr) 2.31 1.19 1.03 



6.2.4 Cost Effectiveness for Grain Dryers 

The purpose of this section is to present the costs of various 

controls on grain dryers against their performance in reducing emissions. 

In this section, the capital and annualized costs for a 2000 bushel/ 

hour dryer system, including controls, will be presented. Both rack 

and coJumn dryers will be reviewed. 

The 2000 bu/hr. dryer is assumed to remove 5 percentage points of 

moisture and to operate 500 hours annually. This size and operation 

represents the typical operation at a country elevator that specializes 

in h~nd1i~g corn and soyb~~n arai~s. It also represents the typical 

commercial rice dryer. 

The cost data for the dryers and controls are based on vendors 

quotations and the Arthur D. Little study, as discussed in Section 

6.2.1.1. The assumptions used in calculating annualized costs were 

presented in Section 6.2.1.1. 

Tne only two levels of control analyzed were screens and 

tacuum-cleaned screens. Attempts in establishing a cost-effectiveness 

relationship versus screen mesh were unsuccessful. Contact·with various 

vendors brought.,a mixed response as far as cost differences in mesh 

size. The most important factor of cost was found to be the vacuum­

cleaning mechanism for removal of collected particulate matter from 

the screen enclosure. 

A summary of the capital, annualized costs, incremental annualized 

costs, and cost-effectiveness are presented in Table 6-17. The data 

in the table suggest that the column dryer without a screen is just 

as effective as a rack1 dryer with the vacuum-cleaned screen, as far as 
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Table 6-17. Summary of Cost-Effectiveness for Grain Dryers 

Dryer Investment Annual1zed Umt Costs Incremental Mass Emilsions 
Description ($) Costs ($/yr} {$/BU) Unit Costs (1 b/Ton) 

($/BU) 

Rack/Screen 114,300 39,430 0.0394 0 1.10 

Rack/Vacuum 152,000 47 ,·700 0.0417 0.0083 0.275 
Clean Screer 

Column/no 105.000 39,300 0.0393 0 0.25 
Screen 

Column/ 
Vacuum Clea~ 158.400 51,430 0.051 0.0117 0.05 
Screen 

1 Assume 60 lbs. of grain per bushel. 

Incremental Cos 
per lb Pollutan 
Removed ( $/1 b) 

. 

0 

0.34 

0 

1.95 

t 
t 



mass emissions are concerned. The rack dryer with the non~vacuum-cleaned 

screen may be just as expensive.as the column dryer with no screen, 

both costing about 3.93 cents per bushel; but the rack dryer produces 

a significantly greater amount of emissions. 

In terms of cost-effectiveness, the requirement of a vacuum-cleaned 

screen on the column dryer ~ill cost $1.95 per incremental pou~d 

of pollutant removed. For the rack d~r, the requirement of a 
~. ~----· ~· -·--·-. -· - -~ -- -- ~ ~- --~----.-~ ~--· 

vacuum-cleaned screen would cost about $0.34 for each incremental pound 

of pollutant removed. 
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6.3 ECONOMIC IMPACT ANALYSIS FOR NEW AND RECONSTRUCTED SOURCES 

6.3.1 Introduction 

In this section, the economic impact of incremental control costs 

is assessed for new and reconstructed sources in the grain distribution system 

(grain elevators)~ grain processors (unloading facilities and grain handling), 

and grain drying operations. The incremental control costs developed for the 

alternative controls in Section 6.2 will serve as the input for the analysis 

in this section. The economic impact wi11 be addressed in terms of new 

sources to be built for each alternative control level. The conclusion 

regarding the impacts at various levels will then be incorporated as a 

decision tool in recommending standards in the rationale chapter. 

6.3.2 Grain Storage ElevatQr and Qryers 

One important trend in the grain industry is an increased demand for 

high throughput elevators. The recent upsurge in foreign demand for U.S. grain, 

the slow but steadily increasing domestic demand for grain, the lower level 

of grain stocks, the trend toward more on-farm storage, and the attractive 

railroad tariff offered by some railroads for multi-car shipments have 

combined to produce two major effects: (1} a decrease in the demand for 

grain elevators to store grain, and (2) an increase in the demand to handle 

and move larger quantities of grain. The above forces have stimulated the 

construction of elevators which are located in the country and have 

moderate to low storage capacity and the ability to handle grain quickly. 

Likewise, these forces have stimulated some elevator operators to modernize 

their existing country elevators to load 25, 50, or 100 jumbo hopper cars 

quickly.?O 
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As a result of this trend most new elevators are being designed with 

similar storage capacity but relatively high throughput compared with existing 

country elevators. Whereas a conventional country elevator might have a 

throughput of 1~000,000 bushels per year with storage capacity of 500~000 

bushels, the new high throughput terminal elevator would have the same storage 

capacity and 3,500,000 bushels per year throughput. Some 105 low storage-high 

throughput inland terminal elevators would be constructed in the absence of 

standards of performance over a 5 year period terminating in 1981.21 Also an 

be constructed in the absence of standards over the same time period. 22 

According to ADL, the typical country elevator with a storage capacity 

of 200,000 to 500,000 bushels and an annual throughput ratio of 2-3 is generally 

not being constructed at this time. Except for replace~nt of a country 

elevator destroyed by fire or explosion, or for filling an unusual local 

need, little economic incentive exists for construction of new country elevators 

through 1981. Nevertheless, a projected number of some 40 low storage, low 

throughput country elevators may be built, P,rimarily to replace destroyed 

facilities, through 1981.23 

EPA contact with buf1 ders of gra1n elevators in the midwest found 

that some small country elevators may be built.24,25 One builder 

indicated that poss~bly in certain localities without adequate ra11 

facilities, there might be a need for a new country elevator. In such 

areas, the trend is toward construction of more storage, rather than 

new elevator construction, and conveyance of grain by tra~tor-trailer 

truck haulage to a terminal elevator. 
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A second important trend is modernization of existing country elevators 

to load a large number of railroad cars in a relatively short time. Not all 

existing country elevators can upgrade their faci 1 ities to Toad multi -car 

trains; but, those that do have the opportunity would realize a substantial 

savings in freight costs. It is important to emphasize that unless the freight 

savings are available, there would be nG economic incentive to upgrade the 

handling capacfty at a country elevator. Expansion in grain production could 

be accommodated by addition of storage capacity alone. Nevertheless, an 

estimate of 140 modernizations (i.e. upgrading throughput capacity) will occur 

by 1981 to utilize 50-100 car trains and some 215 modernizations to utilize 

25-car (or fewer in number) trains.26 These est1mates are for facilities 

constructed in the absence of new source performance standards. 

Another issue, aside from growth in grain elevators, is the construc­

tion of new grain dryers by grain elevators along the grain distribution 

system. These dryers are particularly important to those country elevators 

and inland terminals that handle and store corn and soybean grains and to 

those port tenninaTs that load grain for export markets. Some 1382 grain drvers 

are expected to be built in the absence of new source performance standards 

through 1981. 

A summary of the number of new and reconstructed grain storage 

elevators and dryers to be built in the absence of new source performance 

standards over the 1976-1981 .time period is presented in Table 6-1&. 

The following assumptions are used in analyzing the economic impact 

~ of incremental control costs associated with control levels which are 

more stringent than current State regulations. Any new elevator must compete 
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TABLE 6-18. "G.RAlN _STORAGE ELEVAT~QRS=_-ANilC.I.PAlED NUMBER 
OF NEW AND RECONSTRUCTED SOURCES IN ABSENCE OF NSPS 

(January 1, 1976 to December' 30, 1981) 

New, Reconstructed 
Grain Elevators 

Country Elevators 40 

Country Elevators ( Upgraded to 
25 car trains) 215 

Country Elevators {Upgraded to 
50-100 car trains) 140 

u.;,..t.. T&. .. ,...,,..hn .. ;. To,.mina1c: 
JJI~Jt ••u ""'"'::.1'~'t'""'"" •-•-u•-."""-•-, 105 

Traditional Inland Terminals 12 

Port Terminals 5 
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New Grain 
Dryers 

1115 

70 

57 

,.I:: ... , 

65 

10 

'" 



not only with other elevators in a one-on-one sense but also with rival 

transportation and distribution systems composed of country elevators 

and terminals. Each new elevator that collects grain from the farmer 

and distributes it to an end point, such as a port terminal or processo~ is 

creating a new collection and transportation system that is competing with 

existing simtlar systems. All existing elevators have incurred control 

costs to meet State regulations as of July 1, 1975 and have passed these 

costs through their respective distribution systems along to producers and 

consumers of grains and possibly absorbed some. It would appear that these 

costs are approximately equal to current dollar value of controls for meeting 

State regulations on new and reconstructed sources. In other words, ret~-

fitting controls to existing sources prior to July 1, 1975 would probably 

find that a 20 to 30 percent retrofit penalty to be completely offset by 

. an inflation rate of the same magnitude for new sources built in 1976 or 1977. 

Any new sin9le eeevator to be built must either absorb any incremental costs 

that exceed controls for compliance with State requ1ations or pass them 

back to the farmer if it cannot assimilate these costs into its total 

distribution (including transportation) system costs. The individual 

elevator operator is a small participant in the total world grain market 

and cannot be expected to singularly pass his costs forward to the consumer. 

In the analysis of the traditional country elevators, the existing 

country elevator is assumed to have a total distribution system cost of 

48.8 cents per bushel. which includes pollution controls in compliance with' 

State regulations. In this system, grain moves from the country elevator 

through the inland terminal to the port terminal~ or processor. In this 

system, profit for the country elevator is assumed to be 2.1 cents per 

bushel. Incremental control costs associated with best control technology 
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with dryinq amount to 2.55¢ per bushel (see Table 6-12) and 1.43¢ per 

bushea without drying for a new or rebuilt elevator. The possibility of 

passing these incremental costs back to the farmer appears remote 

except in those areas where the rebuilt country elevators may be several 

miles away from competing elevators. Generally country elevators 

are found in clusters. A distance of only some 2-5 miles might separate 

elevators within a given cluster whereas distance between clusters may be 

20 to 40 miles or more. If one elevator in a cluster is rebuilt and incurs 

the additional costs of controls, then this elevator will have a distinct 

.. nmr.oHHuo tli<::~nv~nhnj:) if it: Att.P.mots to oass the cost back to the fanner. "'""'"'1"'"""""''""'··- -·--- .. -· • ...--.;:.,- ...... -"-~ • • 

The farmer, given this situation, will merely bypass the newly constructed 

country elevator and sell his grain to one of the other elevators, who may 

have sufficient storage capacity. 

If the competitive situation exists as just discussed for the new or 

rebuilt country elevators, the costs of 2.55¢ per bushel and 1.43¢ per bushel 

(Table 6-12} completely absorbs or nearly absorbs the 2.1¢ expected profit 

for the new source. In the judgment of EPA, this is sufficient reason to 

believe that the 40 country elevators would not be built if best control 

technology were required. Furthermoret best dryer controls for new dryers 

built at existing country elevators would be expected to preclude the 

construction of approximately 524 dryers. 

The recommended controls wily-r-equire an incremental cost of 0.6¢ 

per bushel, which would reduce an expected profit of 2.1 cents per bushel 
. . 

by 29 percent if these costs were absorbed by the country elevator. 

In the judgment of EPA this profit reduction may be sufficient to preclude 

the construction of elevators for some 50 percent of the anticipated 40 

·.elevators. It fs difficult to second-guess management viewpoint in this 

type of situation; the best perception of the collective opinion of 40 
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elevator operators would be that they would be divided equally on this 

issue of rebuilding an elevator. Hence. this is the argument for the 

estimate of the impact of precluding the constructbn of 20 elevators for the 

recommended control level. 

For the analysis of the upgraded country elevators and high throughput 

terminals, the importance of the transportation system becomes apparent in 

the impact analysis. Table 6-19 s.hows the estimated total grain distribution 

costs for various distribution systems in which grain can proceed from the 

point of delivery at the country or inland terminal up to delivery at a 

port terminal or grain processor. Pollution control costs have been 

assimilated into these cost structures for the alternative control levels. 

Systems 2 through 5 involved prospective new sources in competition with 

an existing country elevator-existing inland terminal-port system (System 1}. 

As mentioned earlier, the only incentive for upgrading or building a high 

throughput terminal was the possible reduction of transportation costs. 

A review of Table 6-19 finds that ~ystern 2 elevator systems, those that 

are far remo¥80 from the terminal point of consumption, may find a problem 

in remaining competitive with existing country elevators. Incremental control 

costs for the alternative control levels would increase the total distribution 

costs up to a point (48.8¢/bu) beyond which the prospective upgraded elevator 

could no longer compete. For example, a System 2 elevator system would have to 

add 2.1¢ for pollution controls (for both upgraded country elevator and 
~ 

existing inland terminal),' which would increase the distribution costs from 

42.6-47.2 cents per bushel to 44.7- 49.3 cents per bushel, with only those 

upgrades in the range of 44.7 - 48~8 cents remaining viable. Given that the 
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TABLE 6-19• MODS. GRAIN DISTRIBUTION COSTS U/BU.) FOR Al TERNIITIVE CONTROLS AND SYSTEMS 

System 1 System 2 System 3 .System 4 ~1Stelll 5 
Existing Country Upgraded Country Upgraded CountrJI Upgraded Country New High 

Elevator To Elevator (25 tar) Elevator (25 tat•) (Elevator (50·100 Car} Through Put 
Existing Inland To Existing Inland Directly Directly Inland 

Tenninal To Terminal To To To Terminal To 
Port/Processor Port/Processor Port/Pre<: es sor Port/Proce:s sor Port/Processor 

Elevator 2e!rat1!9 Costs 

•Excl. Pollution Control 15.3 17.5 11.1 4.5 5.4 
•fncl. Pollution Control for 
State Regulattons 16.9 19.6 12.6 5.5 6.4 

Transeortatfon Costs 27.0 19.0 - 25.0 19.0 - 25.0 16.0 - 23.0 16.0 - 23.0 
en 

Profft 4.9 6.1 3.3 1.5 0.7 I 
Ul 
0 

Total Distr1button Costs 
0 Exc1. Pollution Control 47.2 42.6- 47.2 33.4 - 39.4 22.0 - 29.0 22.1 - 29.1 
•Jncl. Pollution Control --
a) State Regulations 48.8 ' 44.7 - 48.8 34.9 - 40.9 23.0 .:. 30.0 

-
23.1 - 30.1 

b) Rec011111ended Contra 1 s NA 45.5 - 48.8 35.7- 41.7 23.6 - 30.6 23.6 - 30.6 ··-
c) Best Controls w/o Dr,vers NA 46., - 48.8 36.7 - 42.7 24.0 • 31.0 23.9 - 30.9 

d) Best Controls w/dryers NA 47.9- 48.8 38.1-44.1 24.9 - 31.9 24.8 - 31.8 



44.7 - 48.8 cents is a baseline for System 2 elevators in compliance with 

State regulations, incremental costs for recommended controls would raise 

the distribution costs to 45.5- 48.8 cents per bushel. If the population 

of System 2 elevators were uniformly spread across this cost range, then it 

can be shown by mathematical calculation, (1 - :~:: : :~:; } x 100%, that 

the number of elevators would be diminished by 20 percent. Carrying this 

process further, a~plying oest controls without the dryer vacuum-cleaned 

screen requirement would reduce the number of System 2 elevators by 44 

percent from the baseline of St~t~ regulations. Best controls including 

the vacuum-cleaned screen requirement on dryers would reduce the number 

of System 2 elevators by 78 percent from the State baseline. 
,---

Table 6-30 shows the translation of these percentage reductions into 

actual numbers for the System 2 elevators. Some 43 elevators {25 corn/soybean 

and 15 wheat) are anticipated to be upgraded in the absence of Federal stan­

dards. Of these, 15 will install dryers (13 for corn/soybean and 2 for wheat). 

According to the table, the imposition of recommended controls would reduce 

the 43 elevators to 35; best controls without dryer·vacuum-cleaned screen, to 

24; and best controls with dryer vacuum-cleaned screen, to 9. Intuitively, it 

is expected that most elevators that derive their major revenues from 

drying (e.g., the 13 corn/soybean cases) would be directly affected by a 

stringent dryer standard. In any event, the impact would be a shift of 

the drying function from the System 2 to the System 3 elevators. The 

cost burden of 1.4 cents per bushel for drying controls in addition to the 

normal drying cost of 2.1 cents per bushel could ~e better handled by the 

6 ... 51 

--· -----------



competitive elevator system with the distinct transportation advantage. 

This is shown in Table 6-20 for System 3 where the number of d~vers would 

remain unchanged. 

With regard to other types of elevators, there does not appear to be 

any impact as far as grain handling operations are concerned. For drvina 

operations, the impact of vacuum-cleaned screen requirements would preclude the 

replacement of some 19 dryers for the upgraded country elevators (SO to 100 

car) and high throughput terminals. (See Table 6-20.) No change is anticipated 

irl the- m.ullber of dryai:; at the traditional inland and port termini!!ls. 

The preceding analysis has been from the perspective of accommodating 

incremental annualized control costs that accrue to various elevators. 

It is also important to assess the incremental capital requirements in order 

to acquire more information that would support an economic impact analysis 

based on annualized costs. Table 6-21 presents the incremental capital 

requirements above the State regulation as a baseline for the three 

alternative control levels. For example, the upgraded elevator (25 cars} 

would require 12 per cent more capital for the proposed controls than for 

compliance with the State regulation. Comparing the derived data in 

Tables 6-80 and 6-21 , general consistency can be found between the reduc-

tion in sources and incremental capital increases. The one noteworthy exception 

appears to be the entire group of upgraded country elevators imposed by the 

apparent significant increases for best controls with and without dryer 
---- - ------

vacuum-cleane~ screen requirements. These substantial increases in the range of 

21 to 37 percent appear sufficiently prohibitive to preclude the upgrading 

·construction project, yet Table 6-20 shows no impact for upgraded country 

elevators that ship directly to port terminal or grain processors. The 
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New Sources/Elevators 

a} State Regulations 

b) Recommended Controls 

c) Best Controls w/o 
dryer controls 

d) Best Controls w/dryer 
control . 

New Sources/Dr~ers 

a) Without Standard 

b) Best Controls 

TABLE 6-20. SUMMARY OF THE IMPACT OF ALTERNATIVES 
UPON CONSTRUCTION OF NEW SOURCES 

(Model l) 
Tradi tiona 1 

Country 
Elevators 

40 

20 

0 

0 

1115 

625 

(Model 2) 
System 
. 2 

Elevators 

43 

35 

24 

9 

15 

0 

(Model 2} 
System 

3 
Elevators 

172 

172 

172 

172 

55 

55 

(Model 3) 
System 

4 
Elevators 

140 

140 

140 

140 

57 

48 

(Model 4} 
System 

5 
Eleva tors 

105 

105 

105 

105 

65 

55 

(Model 5} 
Traditional 

Inland 
Terminals 

12 

12 

12 

12 

65 

65 

(Model 6) 

Port 
Tenninals 

5 

5 

5 

5 

10 

10 



(1) 

(2) 

(3) 

(4) 

(5) 

(6} 

TABLE 6-21. INCREMENTAL CAPITAL REQUIREMENTS FOR CONTROLS AT ALTERNATIVE CONTROL LEVELS 

Total Fixed Assets (Including Controls)(l) 

Best Controls (w/o Drvers) 
(Best Control,) 

Model Plant Prooosed Control incl. Or ers 
Before State % % 
Control Regulation TFA Increase(l) TFA Increase(l) TFA Increase(l) 

New Traditional 
Country Elevator $ 610,000 $ 654,000 $ 683,000 4.4 $ 730,400 12 $ 758,000 16 

Upgraded {25 car) 267,000 339,000 380,000 12 438,000 29 465,600 37 

Upgraded (50-
100 car) 506,000 624,000 679,000 9 757,600 21 797,500 28 

New High 
Throughput 1 ,030,000 1,137,000 1,187,000 4.4 1 ,263 '1 00 11 1,303,000 15 

New Traditional 
Inland Terminal 6,360,000 6,679,000 6,776,000 1.5 6,84,3,000 2.5 6,890,000 3 

New Port Terminal 15,900,000 16,325,000 16,416,000 0.6 16,424,000 0.6 16,464,000. 0.-9 

(l)Fixed assests include storage equipment, receiving and handling apparatus, cleaners, driers, and all other physical assets 
such as offices and parking facilities. The value of stored grain is not included in total fixed assets. 

(2)% increase for the pertinent level of control relative to state regulation. 



explanation for this is that some elevator operators would pursue the 

opportunity to significantly reduce their transportation and handling costs 

if they felt they could by-pass another elevator or terminal in their 

shipping to the final market. For the upgraded country elevators that can 

ship directly to the terminal, there are substantial savings in the total 

distribution costs. These savings are assumed to overri~e the incremental 

capital burdens imposed for controls, with one exception~ grain dryers. The 

basis for this assumption is that the more serious comp~tition for upgraded 

elevators would be existing elevators, not inland or high-throughput terminals. 

Country elevators are more numerous and tend to be closer to one another; 

terminals are fewer and farther from other terminals. 
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6.3.3 Grain Processors 

6.3.3. l Soybean ~rocessinn 

Increasing worldwide demand for meat and the unreliability of 

other high protein animal feed supplies has resulted in a high degree 

of growth for the soybean processing industry. The value of shipments 

for this industry increased from $1.5 billion in 1963 to $3.4 billion 

in 1972, an increase of about 9.5 percent per year. It is expected 

that worldwide demand for meat products will continue to grow dramatical-

the next five years~ ten additional plants are expected to be built. 

Table 6-22 illustrates the financial impact of pollution control 

on a model soybean processing plant. This model is representative of 

the larger mills to be built in the future. Case 1 represents the 

impact of pollution controls for a new source to comply with State 

regulations in the absence of new source perform~nce standards. Cases 2 

through 4 represent the impact for alternative control levels analyzed 

here for new source performance standards. 

In comparing Cases 2-4 with Case 1, the percentage of control 

capital relative to fixed assets increases from 1.2 percent to the 

maximum of 2.4 percent for Case 4. Annualized control costs as a 

percentage of profits before taxes increase from 2 percent for State 

regulatory compliance to 3.9 percent for Case 4, the worst case. 

The price increase for the new source, under the worst case, required to 

maintain return on total assets is quite small- 0.15 percent versus 

0.07 percent for the State regulation. 
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Table 6-22. Model Soybean Processing Plant 

Pre-Con tro 1 
Fixed Assets 
Total Assets 
Sales Revenue 
Profit before Taxes 
Return on Total Assets {ROI) 

Case 1 
State 

Regulation 

Control Capital $140,400 

Annualized Control $ 39,500 
Costs 

Control Capital 7 1. 2% 
Fixed Assets 

Annualized Costs 7 2.0% 
Profit before Taxes 

Price Increase to 0.07% 
Maintain ROI 

Financial Data 
$11,660,000 
$29,930,000(1) 
$66,000,000 
$ 2,000,000 

6.7% 

Case 2 Case 3 
Recommended Best Controls 
Controls (No Dr.vers) 

$227,800 $248,800 

$ 68,000 $ 71,600 

2.0% 2.1% 

3.4% 3.6% 

0.13% o. 13% 

(l)Annual Throughput, 11.1 MM Bushels/yr. 

-Case 4 
Best Controls 
(Incl. Dryers) 

$276,400 

$ 77,200 

2.4% 

3.9% 

0.15% 

Source for financial data: Arthur D. Little (updated to 1976 dollars). 



In view of the results presented in Table 6-22, no adverse impact 

on industry growth is judged to be caused by adoption of new source 

performance standards. A new source•s profitability is expected to be 

maintained through a price increase of about 0.1 percent beyond current 

prices sufficient to maintain ROI for plants in compliance with State 

regulations. The additional capital requirements are considered 

reasonable. 

6.3.3.2 Wheat Millin9 

few years. The demand for flour has decreased on a per capita basis 

because of the consumer•s shift to meat as he has become more affluent. 

Therefore, excess milling capacity exists, leaving little incentive for 

adding storage or throughput capacity. 

Table 6-23 illustrates the financial impact of pollution control 

on a model wheat milling plant. Case 1 represents the impact of pol­

lution control for a new source to comply with State regulations in 

the absence of new source performance standards. Cases 2 and 3 

represent the impact of alternative control levels analyzed here for new 

source performance standards. Wheat mills normally do not require 

grain drying; hence, th·e absence of a dryer vacuum-cleaned screen require­

ment in this model analysis. 

In comparing Case 1 with Cases 2 and 3, incremental control capital 

requirements of $86,600 (Case 2) and $108,400 {Case 3} are only 

approximately 3 percent (as a percentage of total fixed assets) greater 

than for Case 1. Annualized control costs of $68,000 and $71,600, 
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Table 6-23. Madel Wheat Mill 

Pre-Control Financial Data 

Fixed Assets 
Total Assets 
Sales Revenue 
Profit before Tax 

$3,480,000 
$5,670,000(1) 

$11,342,000 

Return on Total Assets (ROI) 
$ 530;000 

9.3% 

Case 1 Case 2 
State Recommended 

Regulation Controls 

Control Capital $140,400 $227,800 

Annualized Control 
Costs 

$ 39,500 $ 68,000 

Control Capital + 4.0% 6.5% 
Fixed Assets 

Annualized Costs 7 7.5% 12.8% 
Profit before Taxes 

Price Increase to 0.46% 0.79% 
Maintain ROI 

(l)Annual Throughput, 2.78 MM Bushels/yr. 

Case 3 
Best Controls 

(No Dryers) 

$248,800 

$ 71,600 

7.1% 

13.5% 

0.84% 

Source for financial data: Arthur D. Little (updated to 1976 dollars). 
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measured as a percentage of profits before taxes, are approximately 

5 percent greater than for Case 1. Price increases required to maintain 

a historical ROI of 9.3 percent are approximately 0.8 percent, or 0.4 

percent more than prices required to maintain profitability for plants 

in compliance with State regulations. 

If there were growth in the wheat milling industry, the conclusion 

inferred from Table 6~3 is that no adverse impact will result from 

adoption of the new source performance standards. The price increase 

of 0.4 percent and additional capital requirement of 3 percent are 

judged to be reasonable. 

6.3.3.3 Wet Corn Milling 

Demand for wet corn mill products, primarily corn starch, has 

increased at approximately 4 - 5 percent per year over the last decade. 

No change in this growth rate is expected over the next five years. 

However, ample wet corn milling capacity exists, which suggests little 

need to add to existing capacity over the next five years. 

Table 6-24 illustrates the financial impact of pollution control 

for a model wet corn milling plant. Case 1 represents the impact of 

pollution control for a new source to comply with State regulations in 

the absence of new source performance standards. Similar to wheat 

milling, the typical wet corn milling plant has no grain drying facility. 

Therefore, only two levels of control {Cases 2 and 3) are analyzed 

here for new source performance standards. 

In comparing Case l with Cases 2 and 3, incremental control 

capital requirements of $86,600 (Case 2) and $108,400 {Case 3) are 

only approximately 0.25 percent (as a percentage of total fixed assets) 
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Table 6-24. Model Wet Corn Mill 

Pre-Control Financial Data 

Fixed Assets 
Total Assets 
Sa 1 es Revenue 
Profit before Tax 
Return on Total Assets (ROI) 

Case 1 
State 

$41,330,000 
$54,070,000(1) 
$41,594,000 
$ 2,650~000 

4.9% 

Case 2 
rtecommended 

Regulation Controls 

Control Capital $140,400 $227,800 

Annualized Control $ 39,500 $ 68,000 
Costs 

Control Capital + 0.34% 0.55% Fixed Assets 

Annualized Costs f 1. 5% 2.6% 
Profit before Taxes 

Price Increase to 0.11% 0.19% 
Maintain ROI 

(l)Annual Throughput, 10 MM Bushels/yr. 

Case 3 
Best Controls 

{No Dryers) 

$248,800 

$ 71,600 

0.60% 

2.7% 

0.20% 

Source for financial data: Arthur D. Little {updated to 1976 dollars). 
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greater than for Case 1. Annualized control costs of $68,000 and 

$71,600, measured as a percentage of profits before taxes, are 

approximately 1 percent greater than for Case 1. Price increases 

required to maintain historical ROI are on the order of 0.1 of 1 

percent more than for a new plant in compliance with State regulations. 

If there were growth in the wet corn milling industry, the con­

clusion inferred from the data in Table 6-24 is that no adverse impact 

will result from the adoption of new source performance standards. 

Incremental capital requirements and price increase required to sustain 

historic profitability are judged to be negligible. 

6. 3. 3. 4 Dry Corn Milling . 

Dry corn mills produce grits, cornmeal, corn flour, and a base 

for breakfast cereals. Production has remained nearly the same for 

the last decade; per capita consumption of all flour products has 

fallen as people substituted meat for baked goods. The industry has 

ample capacity, and per-capita consumption is expected to be level or 

slowly decreasing. Therefore, there is no incentive to expand capacity. 

Table 6-25 illustrates the financial impact of pollution control 

for a model dry corn mill. Case 1 represents the impact of pollution 

control for a new source to comply with State regulations in the 

absence of new source performance standards. Cases 2 through 4 represent 

the impact for alternative control levels analyzed here for new source 

performance standards. 
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Table 6-25. Model Dry Corn Mill 

Pre-Control Financial Data 
Fixed Assets 
Total Assets 
Sales Revenue 
Profit before Taxes 
Return on Total Assets (ROI) 

Case 1 
State 

Regulation 

Control Capital $140,400 

Annualized Control $ 39,500 
Costs 

Control Capital t 4.0% 
Fixed Assets 

Annualized Costs + 7.5% 
Profit before Taxes 

Price Increase to 0.46% 
Maintain RO~ 

$3,480,000 
$5,670,000(1) 
$9,793,000 
$ 530,000 

9.3% 

Case 2 Case 3 
Recommended Best Controls 
Controls ~No Dry~rs) 

$227,800 $248,000 

$ 68,000 $ 71,600 

6.5% 7. 1% 

12.8% 13.5% 

0.79% 0.84% 

(l)Annual Throughput, 3.35 MM Bushels/yr. 

Case 4 
Best Controls 
{Incl. Dryers) 

$276,400 

$ 77,200 

7.9% 

14.6% 

1. 05% 

Source for financial data: Arthur D. Little (updated to 1976 dollars). 
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In comparing Cases 2- 4 with 1, the percentage of control capital 

relat:ive to fixed assets increases from 4 percent to the maximum of 

7.9 percent for Case 4. Annualized control costs as a percentage of 

profits before taxes increase from 7.5 percent for State regulatory 

compliance to 14.6 percent for Case 4, the worst case. Price increases 

for the new source, under the worst case, required to maintain return 

on total assets are small - approximately 1 percent versus approximately 

0.5 percent for the State regulation. 

If growth were to occur in the dry corn milling industry, the 

incremental impact incurred by adoption of new source pt:r·foiluance 

standards would not present a barrier to this growth. A price increase 

of some 0.5 percent to pay for the incremental controls for the most 

stringent level of controls and to maintain historic profitability appears 

to be reasonable for a new source. The same conclusion holds for the 

incremental capital requirements. 

6.3.3.5 Rice Milling 

The rice milling industry serves as a processor to the rice farming 

industry by cleaning and dehulling rough rice to produce whole grain 

milled rice. For the last several years, more than 60 percent of 

total domestic milled rice production has been exported. Since 

domestic per capita rice consumption has been stable for years and ts 
expected to remain so in the future, any increases in domestic milled 

rice production will occur only as a result of increased international 

demand. This international demand will be expected to increase due to 

expanding population in countries where rice is a dietary staple. The 

United States remains one of the few areas in the world where agricultura1 
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production can be expanded rapidly. Between 1972 and 1974, rice prices 

jumped from $5 per hundred pounds to $18 per hundred pounds for rough 

rice. Such an increase provided an incentive to expand grain production • 

However, the stability of these high prices and demand in overseas 

markets remain such an uncertainty that projection in future capacity 

growth is difficult. The requirements of coordinating marketing 

expertise, commodity trading sophistication, and capital investment 

planning to manage the risk of selling rice in the international markets 

will limit future growth to larger firms. 

Table 6-26 illustrates the financial impact of pollution control 

on a model rice mill. Case 1 represents the impact of pollution 

controls for a new source to comply with State regulations in the absence 

of new source performance standards. Cases 2 through 4 represent the 

impact for alternative control levels analyzed here for new source per­

formance standards. 

In comparing Cases 2- 4 with Case 1, the percentage of control 

capital relative to fixed assets increases from 3.9 percent to the maximum 

of 7.6 percent for Case 4. Annualized control costs as a percentage 

of·profits before taXes increase from 6.2 percent to 12.1 percent for 

the worst case. Price increases for the new source, under the worst 

case, required to maintain return on total assets are relatively small -

0.59 percent versus 0.3 percent for the State regulation. 

In view of the results presented in Table 6-26, no adverse impact 

on any industry growth is believed to occur with adoption of new 

source performance standards. A new source's profitability is expected 

to be maintained through a price increase of some 0.3 percent beyond 
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Table 6-26. Model Rice Mill 

Pre- Con tro 1 
Fixed Assets 
Total Assets 
Sales Revenue 
Profit before Taxes 
Return on Total Assets (ROI) 

Case 1 

Fi nanci a 1 Data 
$3,630,000 
$7,730,000(1) 

$17,010,000 
$ 636,000 

8.2% 

Case 2 Case 3 
State Reconmended Best Controls 

Regulation Controls (No Dryers) 

Contra 1 Capita 1 $140,400 $227,800 $248,000 

Annualized Control $ 39,500 $ 68,000 $ 71,600 
Costs 

Control Capital + 3.9% 6.3% 6.8% 
Fixed Assets 

Annualized Costs t 6.2% 10.7% 11.3% 
Profit before Taxes 

Price Increase to 0.30% 0.51% 0.54% 
Maintain RO~ 

(l)Annual Throughput, 2.88 MM Bushels/yr. 

.Case 4 
Best Controls 
(Incl. Dryers) 

$276,400 

$ 77,200 

7.6% 

12. l% 

0.59% 

Source for financial data: Arthur D. Little (updated to 1976 dollars). 
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the price required to maintain ROI for plants in compliance with State 

regulations. The additional capital requirements are considered reasonable. 

6.3.3.6 Commercial Rice Drying 

In 1967, more than 400 establishments solely engaged in drying and 

storage functions - no milling involved - were in operation. This 

number includes commercial as well as on-farm rice dryers. Approximately 

mg of these establishments are commercial rice dryers located in 

Arkansas, Mississippi, Texas, Louisiana, and California. Any increase 

in rough rice production would require more rice drying facilities. 

Due to potential expansion in domestic rice production, as discussed 

in the previous section, growth potential exists for commercial rice 

drying. 

Table 6-27 illustrates the financial impact of pollution controls 

on a model rice dryer. Case l represents the requirements for a rice 

dryer to comply with ~itate regulations, in the abs~nce of new source 

performance standards. Cases 2 through 4 represent the financial impact 

for alternative control levels analyzed for new source performance 

standards. 

In comparing Cases 2- 4 with Case 1, the percentage of control 

capital relative to total fixed assets increases from 3.3 percent to 

6.0 percent for best controls without dryer vacuum-cleaned screen require-. . . 

ments. The screen filter requirement on dryers increases control capital 

·to 8.7 percent. What is more important is revealed in the comparison of 

the annualized costs to profits before taxes, particularly with the 

understanding that any new commercial rice dryers are in competition 

with rice mills, as well as with existing commercia1 rice dryers in 

compliance with State regulations. 
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Table 6-27. Model Commercial Rice Dryer 

Pre-Con tro 1 
Fixed Assets 
Total Assets 
Sales Revenue 
Profit before Taxes 
Return on Total Assets {ROI) 

Case 1 
State 

Regulation 

Control Capital $48,400 

Annualized Control $ 8,800 
Costs 

Control Capital f 3.3% 
Fixed Assets 

Annualized Costs + 11.7% 
Profit before Taxes 

Price Increase to 3.5% 
Maintain ROl 

Financial Data 
$1,450,000 
$2,100,000(1) 
$ 298,000 
$ 75,400 

3.6% 

Case 2 Case 3 
Re conmended Best Controls 
Controls {No Drying} 

$79,300 $86,300 

$16,700 $17,900 

5.5% 6.0% 

22. 1% 23.7% 

6.6% 7.0% 

(l)Annua1 Throughput, 0.77 MM Bushels/yr. 

.Case 4 
Best Controls. 
(Incl. Dryers) 

$126,200 

$ 26,600 

8. 7% 

35.3% 

10.4% 

Source for financial data: Midwest Research Institute (updated to 1976 
dollars). 
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A closer examination of the model in Table 6-27 shows that the 

commercial rice dryer with recommended controls would have to increase 

its price by l. 2 cents per bushe 1 ( 41. 3¢/bu) relative to his com­

petition in compliance with.State regulations {40.1¢/bu}. The new 

commercial rice dryer iaces a problem both with direct competition 

from existing commercial rice dryers and his customers, the rice millers, 

who have the available option of purchasing the grain directly from 

rice farmers and performing their own drying and storage functions. In 

particular, new rice mills, which have to incur an incremental cost of 1 

cent per bushel ($68,000 - $39,500, a difference between Case l and 

Case 2 shown in Table 6-26) more than their rice milling competitors, 

would be more reluctant to take the higher price the new commercial 

rice dryer needs to maintain profitability. 

For Case 4, the financial impact for the commercial rice dryer 

gets worse. Annualized control costs as a percentage of profits 

before taxes are 35.3 percent versus only 11.7 percent for 

the source in compliance with the State regulation. The commercial 

rice dryer would find that this cost would definitely be unaffordable. 

Even the new rice mill confronted with best control technology and 

dryer screen requirement would find his drying costs approximately 1 

cent per bushel less expensive than the c0!1illercia1 rice dryer {0 •. 2 

cent/bushel for dryer control from Table 6-19 versus 1.13 cents/ 

bushel for dryer control from Table 6-27). 

In view of the data presented in Table 6-20 and the previous 

discussion, it is doubtful that independent conmercial rice dryers will be ·built 
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with the adoption of new source performance standards. These dryers 

which would be in direct competition with existing dryers and mills would 

find it extremely difficult to maintain historic profitability. 

On the other hand, farm co-operatives and rice millers who would 

consider the rice drying function as a service function, not a profit 

venture, would still find it necessary to build dryers. The increased 

costs for handling and drying would be passed back to the rice farmer. 

Possible consequences of this action might be the encouragement of building 

larger dryers on the part of the co-operatives, more on-farm dryers (non­

commercial), and more backward integration of mills into drying and 

storage. 
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6.3.4 Size Cut-Off Analysis _(Elevators) 

The purpose of this section is to develop the economic basis for 

exemption of a category of grain elevator facilities for which the 

recommended controls are inappropriate. In the rationale section, 

Chapter 8, the exemption for these facilities will be defined on 

the basis of size cut-off defined in terms of leg capacity (bushels per 

hour). 

The economic analysis of controls in Section 6.3 was conducted on 

the basis of annual throughput as the most meaningful parameter for 

measurement of the impact of incremental control costs. The size cut-off 

then will be determined in this section in terms of annual throughput. 

This will then be translated in Chapter 8 into a size cut-off in terms 

of leg capacity. 

The arguments underlying a size cut-off are two-fold. First, normal 

economics of scale on the capital cost of control systems suggest that 

such costs are higher on a unit basis for smaller facilities. In this 

regard, the smallest model .in the economic analysis was the 

country elevator w1th an annual throughput of 1 m1llion bushels. 

Second. minimum ventilation requirements are dictated by the physical 

dimensions of the unloading pits (for standard sized trucks) and loading 

facilities (for standard sized railroad cars). It is doubtful that the 

ventilation requirements for elevators can be reduced to any extent 

below those specified for the l million bushel per year country elevator . 

In this analysis then~ the total annualized costs for recommended 

controls for the 1 million bushel per year country elevator is the 

basis for calculating un1t costs (¢per bushel) for various elevator 
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sizes less than l million bushels per year throughput. The only element in 

these annualized costs that may vary with throughput is energy consumption, 

which constitutes a very minor fraction of the costs. Other costs -­

capital charges, taxes, insurance, maintenance and labor -- are assumed to 

be constant. The curve for these costs is shown in Figure 6-1. 

The approach taken for a size cut-off exemption is the use of a 

conventional breakeven analysis. This technique is used to circumvent 

those subjective judgments that would enter into a rate-of-return (ROI) 

type of analysis. The judgments would have to be made because- (1} the 

variation in pre-control profit margins for small elevators, (2) the 

extent to which the costs of State regulations have been passed on, or 

absorbed by, existing country elevators, and {3) the minimum ROI accepted 

by individual elevator operators - are all unknown. Therefore, the 

pre-control profit margin {2.1 ¢per bushel) in the ADL analysis was 

arbitrarily chosen as the breakeven point for a shutdown decision for 

country elevators. 

Referring to Figure 6-1, a horizontal line representing the 2.1 

cent pre-control profit is drawn to intersect the aforementioned control 

cost curve. The intersection point, or the breakeven point, for this 

analysis occurs at 720,000 bushels per year. As an approximation for the 

purpose of regulatory decision, the value of 100,000 bushels per year 

throughput should be used. 
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7. ENVIRONMENTAL EFFECTS 

The purpose of this chapter is to identify, quantify and 

evaluate the posttive and aegative environmental impacts of the 

alternative control systems presented in Chapter 4 for grain 

elevators. Three alternative control systems have been evaluated. 

System 1 represents control to levels of typical state standards 

(no screen [filter] on column dryers, 20-30 meso. screen on rack dryers· 

and 90% efficient cyclone control). System 2 represents control 

levels achieved with 99.9% efficient fabric filter control, no screen 

(filter) on column dryers and 50 or finer mesh ,vacuum-cleaned screen 

on rack dryers. System 3 represents control levels achieved wi'th 99.9% 

efficient fabric filter contr9l, vacuum-cleaned screens (filters) on 

column and rack dryers and total enclosure of the operations. These 

control systems are described in detail in Chapter 4. The impacts on 

total solid waste handling and disposal. nofse and radiatton, and energy 

requirements for the alternative systems are discussed. Both 

primary and secondary impacts are considered. Primary impacts are 

those directly attributable to each alternative control system. 

Secondary impacts are indirect or induced impacts which arise from 

the application of these systems. In general, by using one of the 

alternative control systems for the affected facilities at grain 

elevators, there will be beneficial primary impacts on ambient air 

quality and adverse impacts on solid waste handl1ng and 

disposal and energy demand. No impacts on water treatment or supply 

are anticipated because dry type collectors are used in both alternative 

control systems. Impacts due to an increase in noise as a result 
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of the use of one of the alternative control systems are possible, 

but have not been quantified. The Agency assumes that any increases 

will be negligible when compared to existing levels. No adverse 

radiation impacts are anticipated as a result of the proposed standards. 

A summary of the anticipated secondary environmental impacts 

associated with the alternative control systems is presented in 

Table '71. Impacts on air quality, water supply and treatment, 

solid waste disposal and energy consumption are identified. These 

impacts will be discussed in more detail later in this chapter. 

7.1 AIR POLLUTION IMPACTS 

7.1.1 Primary Impacts 

The primary impacts that can be attributed to the use of the 

alternative control systems can be measured by the reduction in 

total mass emissions of particulate matter and by the reduction 

in the maximum predicted ambient air concentration due to these 

emissions. Grain elevators controlled to the levels 

specified by typical state standards were used as the baseline 

to which the impacts due to the proposed standards were compared. 

These emission values are summarized in Chapter 4 as Control 

System No. 1. Emission rates were then determined for facilities 

controlled with the alternative control systems. 

7.1.1.1 Mass Emissions 

The particulate matter mass emission levels were calculated in 

terms of pounds of particulate matter emitted per year for various 

model plants. The total annual particulate matter emissions for the 
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Table 7-l. ADVERSE SECONDARY ENVIRONMENTAL IMPACTS OF INDIVIDUAL CONTROL TECHNIQUES OVER SIP REQUIREMENTS 
INCREMENTAL ·ADVERSE SECONDARY ENVIRONMENTAL IMPACTS I COMPARED TO STATE STANDARDS 

AFFECTED CONTROl. 
FACILITY SYSTEMS AIR WATER SOLID WASTE ENERGY~ IMPACT IMPACT IMPACT CONSUMPT~O~ _ 

"*"". r--. - ... ,.....__. 
Increased Emissions Minimal Handling an~ Increased Power 

TRUCK 
System 3 

From Power Plant Hone D1snosal Problems Requ i rem en ts 
LOADING/UNLOADING Increased Emissions None !Minimal HandHng an< Increased Power System 2 From Power Plant Disposal Problems Requ1 rements 

RAILCAR System 3 and Increased Emissfons 
None 

t-11nima1 Handling and Increased Power 
UNLOADING System 2 are From Power Plant Disposal Problems Requirements 

1rl~l'!t:1r:a1 
·-

BARGE AND SHIP System 3 and Increased Emissions 
None 

Minimal Handling and Increased Power 
UNLOADING System 2 are From Power Plant Disposal Problems Requirements 

identical 

' 
GRAIN System 3 and Increased Emissions 

Nc;me 
~fnimal Handling and Increased Power 

HANDLING System 2 are From Power Plant Disposal Problems Requ 1 remen ts 
identical 

Increased Emissions None 
Mfnfmal Handling and Increased Power 

GRAIN System 3 1 From Power Plant Disposal Problems Requirements 
DRYING 

System 2 None None None None 

Increased Emissions None Minimal Handling and Increased Power 
BOXCAR System 3 From Power Plant Disposal Problems Requirements 
lOADING 

System 2 Increased Emissions None .~fnimal Handling and Increased Power 
From Power Plant Disposal Problems Requirements 

System 3 . Increased Emissions None ~t'nfmal Handling and Increased Power HOPPER CAR From Power Plant Disposal Problems ReQuirements LOADING Increased Emfsstons ~inimal Handling an< Increased Power System z from Power Plant None .01 s pos a 1 .Prob 1 ems . Requ1 rements 
"" . ~ 

BARGE AND SHIP System 3 and Increased Emissions 
·None ~fnimal Handling anc fncreased Power 

LOADING System 2 are From Power Plant Disposal Problems Requirements 
1dentic~1 

. - " .. ~ .. . - -



model plants resulting from the application of the alternative control 

systems previously discussed in this chapter and in Chapter 4, Emission 

Control Technology, are presented in Table 7-2. 

Five types of elevators were used to represent grain 

elevators in calculating mass emissions and reductions and ambient 

concentrations because the grouped model plants are similar in 

emission characteristics. Country elevators and commercial rice 

dryers represent model elevators 1 and 2; the high through-put 

terminal elevator represents model elevators 3 and 4; the inland termi­

nal elevator represents model 5 elevators~ and oort terminal elevators 

represent model 6 elevators. Only one type of elevator was used to 

represent all of the grain processors (except rice dryers) because 

these plants have similar operations and emission characteristics. 

The model elevator~ are described in detail in Chapter 6. 

By combining the potential reductions ·for each facility, the 

total reductions attributable to the alternative control system 

and type of grain elevator can be determined. The incremental emission 

reduction of the various alternative control systems at model plants 

was compared to Alternative Control System 1. The incremental reductions 

in total mass emissions achievable are summarized in Table 7-3. 

Table 7-3 shows that the emission reduction of Alternative Control 

System 2 compare~ to Syste~ l ranges from 6? t~.94% fort~~ types of 

elevators ,.:and Control System 3 compared to Control System l results 

in an emission reduction ranging from 86 to 96% for the types of elevators. 



Table 7-2. GRAIN ELEVATOR EMISSIONS FOR MODEl ELEVA~ORS WITH AlTERNATIVE COHTROL SYSTEMS1 

Percentage of 
Particulate Uncontrolled Elevators 
£m1ss1on Emfssfons Currently Using Emfssfons With 

f'ac1Hty I Percent of Factors 1000 No Fabric Current Control System 1 System 2 System 3 
Through-put& Process Through~f!ut {lb/~) pbtyr) Control C,lclones filters {lbf:lr} (1971} {lb/Yr} [lb[,lr} {lb[,n:} 

Country Receiving 100 .6 18 69 31 0 n.ooo 1,800 . ·,a 16 
Elevator Truck 
1,000,000 
b!.I/Yr Handling 100 3.5 105 45.5 54.5 o· 53,550 10.500 105 195 

(Models 1. 2 
and Rice Turning 100 2.0 60 71 29 0 44,400 6,000 60 54 
Orvers) (once/yr) 

Cleaning 8 s.o 12 27 60 0 3,960 1,200 12 11 

Drying 25 4.0 30 69 30 0 21,600 3.850 3.850 1.280 

Shfpping 
0.6 7.7 6,190 770 7.7 7 Truck 43 78 22 0 Ran 44 .3 4 3.110 400 4 4 

Barge 13 1.2 5 100 0 0 4,680 500 5 5 

" OVERAll 8.0 241.7 37 percent 150.000 25,020 4.061.7 1,472 • U1 collection efftcfeney 

Hfqh Through- Receiving 
put Elevator Truck 40 .6 25.2 41 40 19 11,340 2,520 25 23 
3.5 million Rail 55 1.3 75.6 34,067 7,560 75.6 68 
by/yr 5 1.7 1.1 100 0 0 8,913 110 1.1 1 

(Models 3 and 4) 
367.5 45 17 180,133 367.5• 367,5 331 Handling 100 3.5 37 

Turnfng 0 

Cleaning 22 5 115.5 57 33 10 69,300 11,550 115 104 

Drying 10 4 42 60 29 11 28,000 7,700 7,700 2,567 

Shfpp1ng 
10.5 7,630 1,050 10.5 9.5 Truck 17 •• 6 70 . 13 11 Ra11 48 .3 15 10,780 1,500 15 13.5 

Barqe 35 1.2 44 100 0 0 44,100 4.400 44 39.6 

. 
OVERALl fi.? 696.4 45 percent 394,263 36,7!iq 8,354 3,155 

collection efftcfency 



-- ... ·--~·--~--- --·---- . 

Table 7-2. GRAIN ELEVATOR EMISSIONS FOR MODEL ELEYATO~S WITH ALTERNATIVE CONTROL SYSTEMS (continued) 

Percentage of 
Particulate Uncontrolled Elevators 
Emission Emissions Currently Usfng Emfss1ons With 

Facility I Percent of Factors 1000 No Fabrtc Current Control Sfstem 1 System 2 srtem 3 
Through-put• Process Through-put (lb{T) (lbfyr) Control Cyclones F11ters (1 b{yr} ( 1971) (lb/Yr) 1b/yr) 1b/yr) 

Inland Receiving 
Tennfnal Truck 40 .6 108 41 40 19 48,600 10,800 108 97 
15.000,000 Ran 55 1.3 324 146,000 32,400 324 292 
bu/yr Barge 5 1.7 4.5 100 0 0 38,200 450 4.5 4 

(Model 5) 
Handling 100 3.5 1,575 45 37. 11 772,000 1,570* 1,570 1,413 

Turnfng 0 

Cleaning 22 5.0 495 57 33 10 297,000 49,500 495 446 

Drying 10 4.0 180 60 29 11 120,000 30,800 30,800 10,270 

Shipping 
Truck 17 .6 45' 10 13 17 32,700 4,500 45 41 
Ra11 48 .3 64.8 46,200 6,480 65 59 
Barge 35 1.2 189 100 0 0 189,000 18,900 189 170 

..... OVERALL 6.7 2,985 45 percent 1,689,700 155,400 33,600 12,792 
• collection efffcfency 01 

Port Rece1v1ng 
Tenninal Truck 10 .6 72 19,500 ' 7,200 72 65 
40,000,000 Rail 50 1.3 780 24' 30 46 210,000 780* 780 702 
bu/yr Barge 40 1.7 816 226,000 820* 820 734 

(Model 6) 
Handl1ng 100 3.5 4,200 39 32 29 1.770,000 4,200* 4,200 3,780 

Turning 0 

Cleanfng 14.6 5.0 876 63 22 15 571,000 87,600 876 788 

Drying 1.0 4.0 48 38 44 18 23,000 7,700 7,700 2,570 

Shipping 
1.2 86 66,000 8,600 Land 6 74 26 0 

Ship 94 1.2 1 .354 1,036,000 135.400 1,354 1,218 

.OVERALL 6.8 8,232 53 percent 3,920,000 252,300 15,802 9,857 
collection ef~fcfeney 



Tilble 7-2. GRAIN ELEVATOR EMISSIONS FOR MODEL ELEVATORS WITH ALTERNATIVE CONTROL SYSTEMS 

Percentage of 
Particulate Uncontrolled Elevators 
Emission Emissions Currentl,l Using 

Facility & Percent of Factors 1000 No Fabric 
Through-Euta Process Through-eut llb[T} '1b/.)!r} Control C,lclones ·Filters 

Process Receiving 
Storage Truck 50 .6 27 
3,000,000 Ra11 50 1.3 58.5 
bu/yr 

(wheat mi 11 , Handling 100 3.5 315 
dry corn 
m111, r~ce · Drytng 10 4.0 36 
mtll, soy-
bean processor, 
wet corn m111) 

OVERALL 4.8 436.5 

*Typical state standard requires use of a fabric filter control devtce. 
aAverage volume of 33 bushels per ton assumed. 

40 16 42 

26 26 48 

0 0 so 

66 percent 
QD11ect1on effieieney 

Em1ss1ons With 
Current Control 
(lb/yr) !1971} 

36,000 

91.000 

19,000 

146,000 

(cont1nued) 

System 1 
{lb/tr~ 

System 2 
'lb/.)!r} 

System 3 
[1b/,lr) 

2.700 27 24 
5,850 58.5 53 

31,500 315 284 

19,230 19,230 6,410 

69,280 19,630 6,771 



Table 7-3. ESTIMATED INCREMENTAL ANNUAL PARTICULATE MATTER EMISSION REDUCTION 
. FOR MODEL PLANTS WITH ALTERNATIVE CONTROL SYSTEMS 

COUNTRY ELEVATOR 
{1 mi 11 ion bu/ 
yr) 

(MODELS 1 & 2 & 
RICE DRYERS) 

HIGH THROUGH-PUT 
ELEVATOR 

(3.5 million bu/ 
yr) 

(MODELS 3 & 4) 

INLAND TERMINAL 
ELEVATOR 

(15 million bu/ 
yr) 

(MODEL 5) 

PORT TERMINAL 
ELEVATOR 

(40 million bu/ 
yr) 

(MODEL 6) 

STORAGE ELEVATOR~ 
PROCESSOR 

(3 million bu/ 
yr) 

EXCLUDING RICE 
DRYERS 

COMPARED TO EMISSIONS UNDER TYPICAL STATE REGULATIONS 
SYSTEM 1 (1 b/yr) 

ALTERNATIVE CONTROL SYSTEMS 

(% EMISSION REDUCTION) (% EMISSION REDUCTION) 
SYSTEM 2 SYSTEM 3 

20,900 23,500 
{84) (94) 

28,400 33,600 
(77} (91} 

121,800 142,600 
{78) (92) 

236,500 242,400 
(94} (96) 

39~680 52.480 
(67) (86) 



Taking into account the average number of new. modified, and 

reconstructed plants that are expected to be built or modified each year, 

the industry-wide reduction in particulate emissions can be calculated. 

The accumulated industry-wide particulate emissions reduction for 

various alternative control systems through 1980 are presented in 

Table 7-8. 

7.1.1 .2 Ambient Concentrations 

For the purpose of evaluating the air pollution impacts 

associated with alternative control systems, studies were performed 

on model grain elevators. The;;,models chosen were of average 

design and layout and include, in various combinations, the e1qht 

affected facilities co~trolled by the proposed standards. Meteorolog­

ical modeling was performed for five types of grain elevators; these 

types of elevators are described in Section 7.1.1.1. 

Maximum ground-level concentrations of particulate matter were 

determined for the emission rate~ corresp~nding to each control 

system and type of grain elevator.2 

The dispersion estimates were made through application of the 

sinqle source (CRSTER) model. The model generates estimated 1 hr, 

24 hr and annual ground-level concentrations. The meteorological 

data used in the analysis were chosen to represent the climatology 

at ~rain elevator facilities located where effluent dispersion 

would be relatively poor. All meteorological data were from 1964. 

For all types of grain elevators except port terminals, the meteorological 

data were from National Weather Service Stations in the heart of the 
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grain belt. For the port facilities surface meteorological data 

from the Great Lakes, Gulf and Pacific Coast locations were 

considered and data from Houston, Texas, and Portland, .Oregon 

were selected. Particulate matter concentrations were calculated 

for 24-hour and annual averages at distances of 0.3 km, 2 km 

and 20 km from the center of the elevator. The model assumes that 

all emissions are emitted over a horizontal area of approximately 

100 x 250 meters. 

A detailed description of the meteorological methodology 

are based is presented in Appendix D. 

J.he results of the study that was performed to evaluate maximum 

ground-level concentrations1due to emissions from grain elevators 

are presented in Table 7-4. With each type of plant and meteorological 

condition, the particulate concentration decreased predictably with 

decreases in emission rates and with distances away from the center 

of the elevator. It is evident from Table 7~4 that ambient particu-

late concentrations at elevators which use no control device far 

exceed the primary ambient air quality standards, especially at the 

shortest downwind distance for which concentrations were estimated 

(0.3 km, measured from the center of the facility). Large emission 

rates in combination with aerodynamic downwash of the effluents 

are responsible for the hi~h ground-level concentrations. 

Contro1-·to th.e. level of Alternative Cont;ol-Sy~tem 1 (typical 

§tate standard) reduces the emissions significantly; however, the 

maximum 24~hour primary standard of 260 ~g/m3 is exceeded at a distance 
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Ta,1e 7-4. [$Tti<UIT£D IW1K,'M A.II81E"T GRilUNO lEVEl PAR'nCUllTE COliC[IITAAllO!I {;.q/al)2 

U1El Of COIITIIOI. ESTJI'IAT£0 AA~l!t!M IJtlt£1\l CII')JND l~YEL 
ft:)nt • ~ne PUT!Ct.!lATt COIIC(I\rllU!Ofl hg'a )• 

TYP£ Of' G~lll 
1 • srste<'l 1 
l • Sys'" 2 ~USlD!t MTE 

lLE'tATOII. 3. Sntc- 3 {g/SIIC) AVEIWitKG Tllt: 
~.3 Ia 

1, t~~tr: Elevator lllont 11.7 
24 ""· 

1000 
(Models 1. 2 tnd Rice Anflllll 79 o.,.", 

1 3.1 " ""'· 150 
AMuil 11 

z 1.2 24 llrs. 65 
AMv.ll 5 

3 .ss 
24 ""· 

29 
AM111l 2 

z. Htgh TIII"Qillgll-llllt Elevator .... 47.6 24 llrs. >1000 
(Models l tncl 4) Mnllll l~ 

4.&8 24 llrs. 250 
Atuwl lJ 

z Z.Jl 24 hrs. 120 
AIIIIU41 9 

s 1.02 24 hrs. 53 
An~~~tal 4 

3. Inland Temlnel Elentor 11oM 213.3 24 lin. >1000 
(Model 5) Ann111i >300 

1 1.7 24 Ill'$. 390 
Alm~~el s 

2 3,15 24 !Irs. 140 
Anlual Jf 

'l t.a& 24 hr$, 70 
Annual 6 

•• Port Temtna 1 Elevatol" llo,. 319.6 Nllrs. ,,OOQ 
(ltldel I) ,...1 >300'. 

1 1.64 
24 ""· 

340 
Annual 21 

2 3.44 24 1!'1'5. 
Annual 

140 
11 

l 2.15 24 til'S. 62 
Amua1 ' 

'· Stortt;e Utntor. Pn.lcessors !lone 35.8 24 Ill'S. .. tooo 
(Wheat •111. dry corn .rtll, Annual fZO 
rite mill, 'oybtan Protts• 3S sor. lijlft CONI •ill) 1.77 24 !Irs. 

Amul1 Z6 

z us Z4 !Irs. 81 
AMUal 6 

J \,1 24 Ill'S. 41 
Mtlull l 

IIOTE: JtaUcnel priNry a !!Client a1r que Hty standar'd~ for parttculate 1111tter a~: 
•· 1') lllft:ro')rU<I! Ill! I" cubIc ••HP.I" • annual 'l<i!'OI'II!tr1r. W!~n. 
1>. 2&.lmfcro')roms per cubic netP.r • r..ull"'.fm ?A-heM' <:v"tentratton not to excee-1 lliOI'f than *" per )'l!lr. 
llat.lottal ucon1arJ ar•llle•.t &lr 'lu~llty '!.t4nd.srds fQr o••tlcule\e Nttl!r &l"t!: 

•· 61\ M1t:rnqr~l"'i pP.r t~J!Jic metl!r • anrn.al ~tlt'>oP.tr1c I!IN!l. 
b. 150 ml~ro·va~'>'. ~>'!~' t••blc rret~r • <MIImwm 24·h011r toM.entrat1on Ml to eJcttd 11101'11 than onc'l per }'11111", 

"'DhtiiiC.tl ~~~e:nt~rl!rl from ":nttr of he i11 ty. 
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of 0.3 tcm from the center of the fac1l1ty for the inland tem1na1 elevator, 

port terminal elevator and storage elevator at processors. Control to 

the level of Alternative Control System 2 (proposed NSPS) does not cause 

the primary or secondary ambient air quality standard for particulate 

matter to be exceeded at any distance. Control to the level of Alternative 

Control System 3 (best control technology not considering cost) will 

reduce the maximum ambient particulate concentrations below that 

resulting from the use of System 2. The individual control techniques 

that comprise the alternative control systems are described in Chapter 4. 

Compared to the maximum ambient particulate matter concentration 

that results from control to typical state standard levels, Alternative 

System 2 results in a reduction of the 0.3 km distance 24-hour 

avera9e by 52 ~o 76 percent for the various model plants and 

Control System 3 level results in a reduction ran9ing from 78 

to 88 percent. Control Systems 2 and 3 both reduce the maximum 

ambient. air concentrations significantly. 

7.1.2 Secondary Air Impacts 

Secondary impacts on air quality will arise as a result of 

the electrical requirements of certain control techniques that 

are used to control grain elevator emissions. Additional emissions 

of particulate matter, NOx and S02 from the coal-fired power plant 

supplying the electrical energy can be anticipated. Based on the new source 

performance standards for coal-fired power plants, promulgated 

in the Federal Register on December 23, 1971 {36 FR 24876}, the 

additional emissions can be estimated at 0.1 lb of particulate matter, 
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0.7 lb of NOx and 1.2 lb of S02 per 106 Btu produced. The amount 

of additional pollutant emissions therefore are small when compared 

with the large reductions in particulate matter emissions achieved 

by implementation of the proposed control systems. 

7.2 WATER POLLUTION IMPACT 

No liquid wastes will require treatment or disposal as a 

result of the implementation of any of the alternative control 

systems because all alternatives involve only dry type particulate 

matter collection devices. 

7.3 SOLID WASTE IMPACT 

The additional particulate matter collected as a result 

of the implementation of the proposed standard is expected to . 
create minimal adverse solid waste impacts. It is estimated 

that currently 68 percent of the particulate matter collected by 

emfssfon control devices at elevators is returned to the grain, 

30 percent is sold for use in feed manufacturing, and 2 percent 

is disposed. ot'as 'solid waste. The additional particulate matter 

collected ny a MOre efficient control device would eithP.r bA 

so 1 ct for feed Ol" 1 and filled. 

Eluvator operators prefer to return the particulate matter 

to the grain to minimize the difference between the arrount of grain 

purchased and sold (shrink}. However, there is an economic limitation 

to ti1e arrount of particulate matter that can be recycled, since it 

degrades the quality of the grain. 
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There is good potential for the increased use of particulate 

matter from grain in feed production, according to the United States 

Department of Agriculture and feed manufactur~rs. Cattle feeds 

must contain about 7 percent roughage which can be supplied by hay, 

straw, grasses, corn cobs or particulate matter from grain. An 

adrled advantage of using this particulate matter is that it may 

contain as much as 18 percent protein. The market for any one 

elevator, however, is dependent upon its location relative to 

feed manufacturers and other sources of roughage. Transportation 

costs are hiqh~ therefore. it is not profitable to transport the 
' 

particulate matter very far. The value of the particulate matter 

also fluctuates with grain prices. 

Approximately 2 percent of the collected particulate matter 

is expected to be disposed of at sanita~ landfills. 2 This amounts 

to about .13 pound per ton of grain. When compared to the amount 

of particulate matter that must be disposed of at elevators 

controlled to meet State regulations, there is a small adverse 

solid waste impact with Systems 2 and 3. Compared to an uncontrolled 

elevator, however, there is a beneficial impact. This occurs because 

some of the large particles emitted from the operations at a completely 

uncontrolled elevator will settle inside the building and on the property.· 

This particulate matter, which amounts to about 10 percent of the 

uncontrolled particulate emissions or about 0.7 pound per ton of grain, 

must then be cleaned up and disposed of. Table 7-5 shows the weight and 

volume of particulate matter that must be disposed of by a typical 
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Table 7-5. SOLID WASTE DISPOSAL WITH ALTERNATIVE CONTROL SYSTEMS 

Uncontroll System 1 {c) System 2 c System 3(c) 
Facility and Elevator 
Through-~ut lbfxr ft3/xr(b) lb/xr ft3/,l':r(b) lb[,l':r ft3/,l':r{b) lb/,l':r ft3/lr(b) 

COUNTRY ELEVATOR 24.,000 1,200 4,334 217 4,753 238 4,805 240 
1 million bu/yr 

(MODELS 1, 2 AND RICE DRYERS) 

HIGH THROUHG-PUT ELEVATOR 69,640 3,480 13,190 660 13,760 690 13~860 690 
3.5 million bu/yr 

{MODELS 3 AND 4) 

INLAND TERMINAL 298,500 14,930 56,590 2,830 59,030 2,950 59,440 2,970 
15 million bu/yr 

(MODEL 5) 
....... 
I 

........ 
01 

PORT TERMINAL 823,200 41,160 159,590 7,980 164,340 8,220 164,440 8,220 
40 million bu/yr 

(MODEL 6) 

PROCESS STORAGE 43,650 2,180 7,540 380 8,340 420 8,590 430 
3 milli on bu/yr 

(WHEAT MILL, DRY CORN MILL, 
RICE MILL, SOYBEAN PROCESSOR, 
WET CORN MILL) 

!"!AssUmes 10 percent of uncontroll0d ~ticulate emissions settle on property and are disposed of. 
b Assumes a particulate matter density of 20 1bs/ft3. 
c Assumes 2 percent of collected material is disposed of. 



size elevator. The particulate matter has a bulk density of about 

20 pounds per cubic foot. 3 Compared to the amount of waste disposed 

of at a landfill for an elevator controlled to levels of Alternative 

Control System 1~ the additional solid waste that must be disposed 

of by control to levels of Systems 2 and 3 ranges from 3 to 10 percent 

depending on the model plant. The amount of solid waste generated 

by Systems 2 and 3 are approximately the same. 

7.4 NOISE AND RADIATION IMPACT 

The control devices and exhaust fans at grain elevators are 

usually located outside of buildings at either roof or ground level. 

Although fans are noisy, they are already required for collection 

systems now used to meet existing state regulations. Therefore, 

any Federal standard will not introduce new noise problems but 

may.increase the existing noise levels if larger equipment is 

required. This is considered to be negligible. 

There are no known or anticipated radiation impacts at grain 

elevators. 

7.5 ENERGY IMPACTS 

Ener~y requirements for systems to control air pollution at ~rain 

elevators are proportional to the volume of a1r that must be moved, 

the pressure drop of the systems, and the 11on-stream time" or 

amount of time each system operates. 

Table 7-6 presents an estimate of the energy required to operate 

model elevators of a typical size and the energy required to operate 

alternative control systems at these elevators. The energy required 

to operate a high efficiency cyclone collector is estimated to be 

80~ of the energy required to operate a fabric filter ~ontrol 
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Ta!Jle 7-6. CALCUlATED ENERGY REQUIREMENTS TO OPERATE ALTERNATIVE CONTROL SYST£MS3 

Energy 
Process Required 
Energy Pressure Drop for Control Percent Increase 

Required of System System In Energy Required 
Facility Operat1ng to Operate Air Volume (inches H20} (KWH{yr) Due to Contro 1 Sys tern J%} 

and Time Elevator Through Control 
Process {hrl~rl ( KWH[xr ') S~stem {scfm) S.(!tem 1 S.}!Stem 2 S,Istem 3 System 1 sxstem 2 Slstem 3 System 1 System 2 S,Istem 3 

Country Elevator 
(1 mf 11 ion bu/yr) 
Receiving and 

12,250 Sh1pptng 1,000 12,500 8 10 10 24,000 30,000 30,000 
Handling 2,000 132,000 3,000 B 10 10 8,000 10,000 10,000 
Dryer 500 50,000 30,000 .5 2,000 
Aeration 1,000 62l000 

256,<50'0 . 
'3f;01m' ~ ~ 12.5 15.6 16.4 

High Through-*- 896,000 112,000 t40,000 147,000 12.5 15.6 16.4 
.... put Terminal 
t (3.s· m1111on .... 

~u/yr) .... 
---· 

Inland Terminal 
{15 m1111on bu/ 
yr} 
Recefvfng 
Truck 1,000 87,000 12,250 9.6 12 12 24,000 30,000 30.000 
Rail 500 15,000 9.6 12 12 16,000 20,000 20,000 

Shipping 
Boxcar 200 10,000 9.6 12 12 4,800 6,000 6,000 
Hopper Car 300 10,000 9.6 12 12 6,400 8,000 8,000 

Cleaning 500 12,500 10,000 9.6 12 12 8,000 10,000 10,000 
Dryer 2,200 400,000 10,000 .5 2,500 
Scale and Surge 
Bfns 1,000 20,000 9.6 12 12 60,000 60,000 60,000 

Handling 2,500 1,500,000 45.000 20 20 20 soo.ooo 500,000 500,000 . 
Aeratfon 1,200 7so.ooo ., - - -2,750,000 619,2® 634,000 636.500 22.5 23 23.1 

*Assumed proportional to.gra1n through-put of country el&vator. 



Table 7-6. CALCULATED ENERGY REQUIREMENTS TO OPERATE ALTERNATIVE Cl)NTROL SYSTEMS {continued) 

Energy 
Process Required 
Energy Pressure Drop for Control Percent Increase 

Required of System System In Energy Required 
Facility Operating to Operate Air Volume (inches H20) (KWH/yr) Due to Control System (~) 

and Time Elevator Through Control 
Process {hr/lrl KWH/yr Sls tem { scfm} S,lstem 1 Slstem 2 Slstem 3 SlstE'm 1 sxstem 2 sxstem 3 S,lstem 1 S,lstem 2 S,lstem 3 

Port Tennfnal 
Receiving 
Truck 500 75,000 12,250 12 12 12 20,(00 20,000 20,000 
Rail 1,01)0 12,500 25,000 9.6 12 12 56 ,coo 70,000 70,000 
Barge 300 47,000 15,000 9.6 12 12 8,COO 10,000 10,001) 

Rail loading 100 10,000 9.6 12 12 2,~00 3,000 3,000 
Cleaning 350 17 ,501} 20,000 9.6 12 12 16 ,COO 20,000 20,000 
Drying 500 100,000 60,000 .5 3,000 
Scale and Surge 
Bins 1,500 20,000 9.6 12 12 64,COO 80,001) 80,000 

Handling 2.500 2,750,000 45,000 20 20 20 500,000 500,000 500,000 
Shi o load1 ng 1,000 180.000 20,000 9.6 12 12 48,COO 60,000 60,000 
Aeration 1,200 7501000 

3,930,000 
~00 763,000 16~.rmo 18.2 1,.4 .19. 5 

,··---·------··- --· 
Process Storage 
Receiving 
Truck 2 ,501} 220.000 12,250 9.6 12 12 72,000 90,000 90,000 
Rail 2,500 25,000 9.6 12 12 160,000 200,000 200,000 

Handling 6,000 3,600,000 25,000 16 20 20 560,000 700,000 700,000 
Scale and Surge 

2,50()' Bins 10,000 8 10 10 48,(J00 60,000 60,000 
Drying 500 1oo.ooo 30,000 .~5 • - 2,000 

3,900,000 &t1f.1lM 1 ,oso,ooo J.,_os2,ooo 21.5 24.9 27 

......., 
I 

(X) 



device because of a lower pressure drop through the cyclone collector. 3 

As can be seen from Table 7-6, the controls required by the typical 

state standard require an energy consumption ranging from 12.5 percent 

to 22.5 percent of the process energy required without air pollution 

controls. The more stringent control required by Systems 2 and 3 

increases the power requirements by a maximum of 5.5% over state 

requirements. 

Table 7-7 presents the total and incremental energy requirements 

for model plants with alternative controls. The number of new, modified, 

and reconstructed plants that are estimated to be built and modified by 

1981 are also presented fn the table. 

As can be expected, fewer new, modified, or reconstructed plants 

are expected to be built with the imposition of more stringent 

control systems. For example, a total of 529 facilities are expected 
-· - •• ¥ , .. 

to be built or modified with Alternative Control System l, 501 with 

System 2, and 470 with System 3. To make yearly est·Jmates of energy 

consumption, it was assumed that these new, modified, and reconstructed 

facilities would be built or modified uniformly during the five-year period. 

The energy values 1n Table 7~7 represent the estimated energy that wo~ld 

have to be delivered to a power plant to generate the appropriate 

electrical requirement to operate the control systems. The incremental 

energy requiremen't''over tyiical state standard requirements by 1981 is 

estimated to be approximately 17,000 bbl of ~lo. 6 fuel oil for System 2, 

and about 19,000 bbl of No. 6 fuel oil for System 3. The larger energy 

requirement for System 2 over System 1 results from the use of 

fabric filters compared to cyclones. The larger energy requirement 

of System 3 over System 2 is due to control of grain dryers which 
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Table 7-7. TOTAL AND INCREMENTAL POLLUTION CONTROL SYSTEM ENERGY REQUIREMENTS FOR MODEL PLANTS 
WITH ALTE~~ATIVE CONTROL SYSTEMS* 

Country 
Control Elevator H1gh Through-put Process Storage 
System (Models 1 and 2 Elevator Inland Terminal Port Terminal Elevator 

1 a System 1 and Rice Drlers) {Models 3 and 4) {Model 5} (Model 6} {Processors) 
2 =System 2 

{ 109 Btu/lr} {109 Btu/yr} po9 Btufl:r} {109 BtU/,lrl ~109 BtU/,lr} Year 3 a S,lstem 3 No. No. No. No. No. 

1976 1 51 16.71 49 56.20 2 12.68 1 7.30 2 17.20 
2 45 18.43 49 70.24 2 12.98 1 7.81 2 21.50 
3 39 16.77 49 73.74 2 13.03 1 7.85 2 21.54 

1977 ·1 51 16.71 . 49 56.20 2 12.68 , 7.30 2 17.20 
2 45 18.43 49 70.24 2 12.98 1 7.81 2 21.50 
3 39 16.77 49 73.74 2 13.03 1 7.85 2 21.54 

1978 1 51 16.71 49 56.20 2 12.68 1 7.30 2 17.20 
2 45 18.43 49 70.24 2 12.98 1 7.82 2 21.50 
3 39 16.77 49 73.74 2 13.03 1 7.87 2 21.54 

1979 1 51 16.71 49 56.20 3 19.02 1 7.32 3 25.80 
2 46 18.84 49 70.24 3 19.47 1 7.82 3 32.25 
3 39 16.77 49 73.74 3 19.55 1 7.87 3 32:. 31 

1980 1 51 16.71 49 56.20 3 19.02 1 7.34 3 25.80 
2 46 18.84 49 70.24 3 19.47 1 7.82 3 32.25 
3 40 17.2 49 73.74 3 19.55 1 7.81 3 32.32 

Sub- 1 255 83.54 245 280.99 12 76.08 5 36.57 12 103.21 
Total 2 227 92.98 245 351.18 12 77.90 5 39.06 12 . 129.01 

3 196 84.28 245 368.75 12 78.21 5 39.22 12 129.26 

Incremental energy compared to Control System 1: 
(109 Btu/yr) (bbl of 16 o11/yr) 

System 2 109.74 17.260 
System 3 . . 119.,33 .. 18,770 "' ... :_ .. 

*All energy 1s based·on fuel delivered to a power pUnt-to-generate the electricel requirement for control systems • 

Total 
£nergl 

{109 BtU/l::r} 

110.09 
130.96 
132.93 

110.09 
130.96 
132.93 

110.09 
130.97 
132.95 

125.05 
148.62 
}50.24 

125.07 
148.62 
150.67 

580.39 
690.13 
fi99.72 



results in slightly higher energy consumption. 

7 .6 OTHER ENVIRONMENTAL CONCERNS 

7.6.1 Irreversible and Irretrievable Commitment of Resources 

The standards of performance will require the installation 

of additional equipment over that now required by State standards. 

This will require the additional use of some resources such as 

steel and building materials. This commitment of resources is 

small compared to the national usage of each resource. Some portion 

of these resources will ultimately be salvaged and recycled. There 

are not expected to be significant amounts of land resources 

required to install control equipment. Typical State standards 

already require some type of control equipment and most of these 

are located on buildings and, if not, require a relatively small 

amount of space. Therefore, the commitment of land resources 

for siting additional control devices is expected to be minor. 

The proposed standards of performance will require the increased 

usage of energy, which is a scarce resource, to operate emission 

control devices. This energy will not be retrievable but will 

result in the control of significant quantities of particulate matter. 

7.6.2 Environmental Impact of Delayed Standards 

The environmental impact of delaying the standard on grain 

elevators will have major adverse environmental effects on emissions 

of particulate matter to the atmosphere and minor beneficial impacts 

on solid waste disposal and energy usage. There is no new technology 

that is being developed for the sources that are proposed to be 

regulated which would drastically reduce emissions from the levels 

7-21 



of best technology considering costs that are currently available. 

If the standard were delayed for one year, it would result in 

emissions of 3 to 3.5 million pounds of particulate matter that 

would have been collected by Alternative Control Systems 2 or 3, 

respectively. Therefore~ there appears to be no valid reasons to delay 

proposal of the grain elevator standard. 

7.6.3 Environmental Impact of No Standard 

Based on the potential emissions of particulate matter and 

on the growth projections presented in Chapter 8, the adverse 

environmental 1moact of no standard is summarized in Table 7-8. 

This table shows that 46 to 53 million pounds of particulate matter 

would be emitted in a five-year period if no standard were proposed. 

Since there are only minor adverse solid waste impacts, and only 

minor energy consumption impacts associated with each of the alternative 

emission control systems which could serve as a basis for the standards, 

not setting standards presents little trade-off of potentially 

adverse impacts in these areas against the resulting adverse impact 

on air quality. 
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' N 
w 

Year 

1976 

1977 

1978 

1979 

1980 

Control 
System 

1 .. System 1 
2 • System 2 
3 .. System 3 

1 
2 
3 

1· 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

Country Elevator 
(Models 1 and 2 and 

R1 ce Dryers) 

No. 

51 
45 
39 

102 
90 
78 

153 
135 
117 

204 
181 
156 

255 
227 
196 

Curulat1ve 
Emissions 

of Particulate 
M!tter 

{10 lb/Yr) 

1,275 
184.5 
58.5 

2,550 
369 
117 

3,825 
553.5 
175,5 

5,100 
742.1 
234 

6,375 
930.7 
294 

Tab 1 e 7-8, ENVIRONMENTAL IMPACT OF NO STANDARD 

High Through-put 
Terminal 

(Models 3 and 4) 

No. 

49 
49 
49 

98 
98 
98 

147 
147 
147 

196 
196 
196 

245 
245 
245 

Culllllat1ve 
Emfssions 

of Particulate 
MJtter no lb/Yr) 

1,803.2 
411. ti 
156.8 

3.606.4 
823.2 
313.6 

5,409.6 
1.234.8 

470.4 

7,212.8 
1,646.4 

627.2 

9.016 
2.058 

784 

Inland Termfnal 
(f'odel 5) 

Cumulative 
Emissions 

of Part! culate 
Matter 

No. (103 lb/.vr} 

2 310.8 
2 67.2 
2 25.6 

4 621.6 
4 134.4 
4 51.2 

6 932.4 
6 201.6 
6 76.8 

9 1,398.6 
9 302.4 
9 115.2 

12 1,864.8 
12 403.2 
12 153.6 

No, 

l 
l 
l 

2 
2 
2 

3 
3 
3 

4 
4 
4 

5 
5 
5 

Port Terminal 
(Model 6) 

Cumulative 
Emissions 

of Parti cu1ate 
Matter 

(103 lb/Yr} 

252.3 
15.8 
9.9 

504.6 
31.6 
19.8 

756.9 
47.4 
29.7 

1,009.2 
63.2 
39.6 

1,261.5 
79.0 
49.5 

Grain Processor 
(Processors} 

Cumulative 
Em1ss1ons 

of Particulate 
Matter 

No. (103 lb/yr) 

2 118.6 
2 39.2 
2 13.6 

4 237.2 
4 78.4 
4 27.2 

6 355.8 
6 117.6 . 
6 40.8 

9 533.6 
9 176.4 
9 61.2 

12 711.4 
12 235.2 
12 81.6 

Total Cumulative 
Particulate 
Emissions 

(103 lb/yr) 

3,759.9 
718.3 
264.4 

11,279.7 
2.154.8 

793.2 

22,559.4 
4,309.8 
1,586.4 

37,813.6 
7,240.3 
2,663.6 

57,042.3 
10,964.4 
4.026.3 

Total Em1ss1on 
Reduction 

Compared to 
s~stem 1 

(10 lb/yrl 

3,041.6 
3,495.5 

g ,124.8 
,\ 

10,486.5 

18,249.6 
20,973 

30,573.3 
35,150 

46,095.9 
53,016 
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8. RATIONALE FOR THE PROPOSED STANDARDS 

8.1 SELECTl,ON OF SOU~CE FgR CONTROL 

C,rain e'levators contribute s igni fi cantly to nationa 1 emissions 

of particulate matter. It is estimated that the groin elevator 

industry emits 606,000 tons of particulate mntter each year. 

Approximately 7900 grain elevators are located 

nationwide. Of this amount it is estimated that there are about 

6800 country elevators, 500 terminal elevators and 600 storage 

elevators at grain processing plants (see Table 2-2). 

Although grain elevators are located throughout the United States, 

the major concentration is in the grain-producing states in the 

Mid-Plains, South Plains and Great Lakes regions. Approximately 

87 percent of the country elevators are located in areas with less 

than 100,000 inhabitants. Terminal elevators are located in the 

principal grain-marketing centers, most of which are in metropolitan 

areas. There is a trend, however, for terminal elevators to be 

built in more rural areas. Grain processing facilities for 

wheat, corn, and rice mills; soybean processing plants; and wet 

corn mills are located in both rural and uroan areas. 
. -

Growth in the grain elevator and grain processing industries 

is expected to be slow since the per capita consumption of grain 

products is remaining constant or decreasing. The total number 

of grain elevators is expected to decrease; however, the total 

throughMput of _:qrain is_ expected to increase slightly. The trend 

is t? larger through-put elevators, with low storage capacity and 

high handling capacity. Of the processing plants, only soybean 

processors have significant incentive to invest in new storage capacity. 

8-1 



Soybean production in the United States has increased over 20 fold, 

from 70,000 to 1.567 million bushels, in less than 35 years. Soybeans 

are an increasingly important source of protein for human and animal· 

consumption; and soybean oil is used in foods, cosmetics, paints 

and plastics. In the f1ve~year periorl oetween 1976 and 1981, 

approximately 530 grain elevators are expected to Qe built, modified 

or reconstructed. Even thougfi the total growth in the industry 

will be slow, the nuMber of new, modfffed, or reconstructed faciHties 

will ~veraqe approximately 100/year, which is considered to be 

s fgnificant. 

In a study performed by The Research Corporation of New England 

(October 24, 1975}, significant sources of particulate matter were·,. 

identified and ranked in order of total emissions. Four grain 

handling operations were shown to be significant sources of particu-

late; processing was ranked fifth, transfer was ranked seventh, cleaning 

and screening was ranked tenth, and drying was ranked number thiriy­

three. Also, the Comm1ttee on Public Works of the U. S. Senate listed 

grain elevators as a source for .which standards should be developed. 

Particulate matter concentrations due to emissions of particulate 

matter from poorly controlled grain elevators have been measured with 

a high volume sampler and found to be nearly 240 ~g/m3 in the 

immediate vicinity of grain handling plants. This is discussed 

further in Ghapters 2 and 7. Health-related effects on humans have 
' 

been docuMented at ambient concentrations of particulate matter 

greater than 100 ugfm3, Under section 109 of the Clean Air Act, 
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particulate matter has been designated as a criteria pollutant, and 

National Ambient Air Quality ~tandards have been set for particulate 

matter. 

EPA has determined that particulate emissions from grain elevators 

contribute significantly to afr pollution which causes or contributes 

to the endangerment of the public health. For this· reason, the source 

category of grain elevators has been selected for emission control. 

8.2 SELECTION OF POLLUTANTS AND AFFECTED FACILITIES 

Large quantities of particulate matter, which result from 

handling grain, are emitted from grain elevators. This particulate 

matter consists of dirt from the field, pieces of grain kernels, 

spores of smuts and molds, insect debris, fungi and pollens. The 

only combustion process at a grain elevator is the grain dryer 

and a very small amount of NOx and so2 may be emitted from this 

process. These pollutants are not considered to be siqnificant 

in the amounts emitted from a grain d~yer. Particulate matter 

is the only significant pollutant at a grain elevator and is the 

pollutant that fs proposed to be re~ulated. 

Farm elevators, country elevators, terminal elevators ·and 

commercial rice dryers which handle wheat, corn, soybeans, milo, 

rice, rye, oats, 10r barley and storage elevators at wheat flour 

mills, wet corn mi11s, dry corn mills (human consumption), rice 

mills, and soybean oil extraction plants were determined to be the 

most significant sources of particulate matter emissions in the 

grain handling industry. Particulate emissions from these .sources 

are proposed to be regulated. 



The grain handling and storage facilities at the specified 

grain processing industries were chosen because these industries 

handle a large portion of the grains that are processed and are 

considered to be significant sources of particulate matter. 

Animal, pet food and cereal manufacturers; breweries; and 

feed lots also process whole grain. These industries were beyond 

the scope of the background industry studies. Consequently, no 

data are available on these sources and they are not subject to 

the proposed standards. In addition, there are relatively few 

plants in these peripheral industries. 

The proposed standards would apply to affected facilities 

that handle wheatt corn, soybeans, milo, rice, rye, oats, or 

barley. These grains were selected to be subject to the standards 

because they are the primary grains produced in the United States. 

There are several other grains (e.g., millet), but these crops 

are grown and handled in small quantities. Therefore, the 

handling of these grains is not considered a significant source 

of particulate matter at this time. 

Grain elevators are used to handle wheat, corn, soybeans, 

milo, rice, rye, oats, and barley. Uncontrolled emissions vary 

with the type and mixture of grain handled. It has been shown 

that uncontrolled emissions are lowest when wheat is handled. 

Particulate emissions are three times higher when handling 

soybeans and two times higher when handling milo, as compared 

to handlinq wheat. Emissions from corn are about equal to 
' 

those from wheat. The processes controlled with fabric filters 
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that were tested during this study handled corn, wheat, soy-

beans, ·and mi1o. - i'he test results do not indicate that-the 

type of grain affected emissions from the fabric filters. In 

EPA's judgment, the same emission levels can be maintained when 

handling rice, ryet oats or barley when the best systems of emission 

reduction. (considering costs) are used. 

The minimum size of farm elevators, country elevators, terminal 

elevators and commercial rice dryers to which the proposed standards 

app1y was ba~ed on economics. The fixed costs (capital ch~r9e$) 

for control equipment needed to coMply wf.tn the proposed standards 

do not change for any country elevator below a through-put of 

one million bushels/year. Since most country elevators are in 

areas where there is competition with other elevators, there 

is a limit to the cost that canoe passed back to the farmers. 

The cost cannot be passed forward to the larger terminal elevators. 

Therefore, there is also a limit to the amount that can be either 

absorbed by the operator or passed back to the farmer. The maximum 

amount estimated that could be absorbed by a country elevator was 

$.021 per bushel. Since the control costs are essentially fixed 

for elevators smaller than 1 million bu/yr, the control cost per 

bushel varies inversely with the amount of grain handled. 

An economic analysis showed that the minimum size country 

elevator that could afford to install control equipment to meet 

the proposed standards was one tha~ handled an annual through-put 

of 700,000 bu/yr. All terminal elevators will be above this 

minimum through-put level, and most of the farm elevators will be 



bel(Jd this level. Since there was a possibility that scxne farm 

elevators will be large, it was decided that those large farm 
. . 

elevators should be controlled. 

There are several problems associated with using this type 

of cut-off level: (1) It would be difficult to determine the 

projected through-put of new or modified elevators, (2) this 

tfirouqn-put level could vary from year to year dependfnq on whether 

the crop was good or bad or whether there was more than one crop 

harvested per year in a locati"on (e.g. two wheat seasons). The advantage 

of determining ·a cut-off in terms of annual through-put is that 

this parameter is most relevant in an economic analysis. 
Recognizing.the potential problem of determining the applicability, 

another alternative cut-off level based on installed equipment was 

considered. The storage capacity at an elevator and the leg 

capacity were investigated. Both would accomplish the objective 

of more definitely determining the applicability of new, modified, or 

reconstructed elevators. The leg capacitr was selected because it was more 

clearly related to the through-put than was storage capacity. 

Several firms which construct country elevators were consulted to 

determine what leg capacity would be installed at country elevators 

which have a through-put of 700,000 bu/yr. All stated that a leg 

capacity of approximately 10,000 bu/hr would be installed at such a 

country elevator; therefore, the standards will apply to farm, country, 

or terminal elevators that have a leg capacity in excess of 352 m3Jh 

(ca. 10,000 bu/hr). Since commercial rice dryers have economics similar to 

country elevators these are also included under the cut-off level 

exemption. The advantage of this cut-off level is that applicability of 
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the proposed standards to a new, modified, or reconstructed elevator 

could be easily determined. However, due to variations in operation 

hours, a disadvantage would be that an elevator that installs a 

10,000 bu/hr leg may handle less than 700,000 bu/yr and therefore 

find it uneconomical to install control devices to meet the levels 

of the proposed standards. 

The proposed standards apply to all sizes of processing plants 

that are covered by the standards, except commercial rice 

dryers, because the. required control costs are affordable for these 

plants. 

At farm, country, and terminal elevators and at the grain handling 

and storage facilities at processing.plants, the only source of par-

ticulate matter emissions is from a combination of the following grain 

operations: truck unloading, railroad hopper car and boxcar unloading, 

barge and ship unloading, grain handling, grain drying, truck loading, 

railroad hopper car and boxcar loading, and barge and ship loading. 

All of these sources of particulate matter emissions could be 

significant sources of emissions if uncontrolled; therefore~ the 

proposed standards regulate particulate matter emissions from 

each of these sources. 

Consideration was given to classifying an entire grain 

elevator, including all its various functions, as the affected 

facility. If this were done, however, modification or reconstruction 

of a substantial portion of an existing grain elevator would make 

the entire elevator subject to the proposed standards. Since this 
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is not considered reasonable, the operations at grain elevators 

were classified into eight affected facilities. The affected 

facilities are: each truck unloading station, each railroad boxcar 

and hopper car unloading station, equipment at each barge and ship 

unloading station. all grain handling operations (which include 

conveyors, headhouse and other such structures, legs, scalpers, 

cleaners~ turn heads, trippers, scales and surge bins), each grain 

dryer, each truck loading station, each railroad hopper car and boxcar 

loading station, and each barge and ship loading station. There 

are several advantages to naming the separate operations as affected 

facilities. For example, unloading stations and loading stations 

are often physically separated from other parts of the elevator 

and often have separate capture systems and air pollution control 

devices. Modification or reconstruction of one of these facilities 

will make it, but not the whole elevator, subject to tKe proposed 

standards. This is desirable because there can be an increase 

in the unloading or loading capacities without affecting other 

facilities at the elevator. 

Grain handling operations are grouped as one affected 

facility since they have similar operating capacities; and common 

air pollution control devices frequently serve several pieces 

of handling equipment. Modification of one part of the grain 

handling system will usually require modification of other 

parts in the system; therefores the whole system would be subject 

to the proposed standards. 
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8.3 SELECTION OF BEST SYSTEM OF EMISSION REDUCTION CONSIDERING COSTS 

The purpose of the proposed standards fs to require that 

best demonstrated emission control technology, considering costs, 

for particulate matter be installed and operated at new, modified, 

and reconstructed grain elevators. The proposed standards would 

ensure particulate containment and pickup at the location of dust 

generation, as well as proper operation and maintenance of air 

pollution control devices. The individual emission sources to 

be controlled include, as discussed in Section 8.2, all sources 

of fugitive emissions generated by process equipment and process 

exhaust gas streams at grain elevators which are significant. 

sources of par!!culate matter. 

The development of the proposed standards for these emission 

sources at grain elevators relied largely on results of a previous 

investigation of air pollutant emissions and control techniques 

in the grain and feed industry sponsored by EPA. This earlier 

study includes the responses from 509 owners or operators of 

elevators throughout the country to a questionnaire on the air 

pollution aspects of their operations. The proposed standards 

are also based on data concem1.ng emission control systems 

and methods of process operation received through on-site observations 

of plant operations ana control ~ystems, consultation w-i'th industry 

representatives and manufacturers of control systems and devices, 

emission tests conducted by EPA and operators of grain e1evatorst 

and meetings with industry associations and the National Air Pollution 

Control Techniques Advisory Committee. 
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The selection of the best demonstrated system of emission reduction 

{considering costs) for new, modified, and reconstructed grain elevators 

is based on evaluating the incremental impacts (compared to State standards) 

of alternative control systems on air emissions, energy usage, water 
pollution, solid waste pollution, noise pollution and pollution control 

costs. The first step is the selection of the most effective methods 

for reducing air emissions from each affected facility. These 

methods are then compared, considering all environmental impacts 

and costs, to determine the best demonstrated emission reduction 

The best 

demonstrated system to control particulate matter from an entire 

grain elevator is an assimilation of the·best emission reduction 

methods for each affected facility, with consideration given to 

total costs and economic impact for all the affected facilities. 

The costs and environmental impacts for an entire elevator were 

considered and EPA found them to be reasonable as discussed in 

Chapter 6 of this document. 
' . . . . . 

8.3.1 Grain Dryers 

Tbere are two basic types of grain dryers, rack and column. 

Grain enters the top of both types, flows downward through the 

structure and exits via conveyors at the bottom. Heated air blown 

through the grain evaporates the excess moisture. Particulate matter 

and chaff can beco~ entrained in the air and carried from the dryer. 

The quantity of particulate emissions is largely dependent on the type 
' . . . . . . . . . . . 

"'-""---.....;.._~ 

rack or column)of dryer.- -Uncontro.lledColumn dryers have much 

lower emissions than uncontrolled rack dryers by virtue of 

their design. In a column dryer the grain flows in a continuous 
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packed column between two perforated metal sheets, and most of 

the particulate matter is trapped within the grain rather than being emitted 

through the side of the column and into the atmosphere. A rack 
dryer contains baffles or racks around which the grain and hot 

air must flow and mix. This creates a cascading motion of grain 

flow through the air stream, resulting in gre~te~ entrainment 

of grain dust {particulate matter) than fn a column dryer. 

The current trend in the grain elevator industry is the installation 

of column dryers instead of rack dryers at country elevators, and this 

trend is expected to continue. The trend has developed primarily 

because typical State standards require that rack dryers be operated 

with a 20 to 30 mesh screen for air pollution control, whereas no 

air pollution control device is usually required for column dryers. 

This gives a significant capital cost advantage to the column dryer. 

EPA believes the majority of new, modified, or reconstructed dryers 

will be column dryers; however, new rack dryers may be 1nsta1led fn 

high through-put elevators because maintenance costs appear to be 

less for rack dryers in these applications. 

Emissions from grai.n dryers are discharged from an exhaust 

area that is usually very large. Therefore, it is not technologically 

or economically feasible to apply the usual particulate source test 

methods designed for measuring stack emissions to this source. Several 

attempts to carry out source tests were made by EPA and by operators 

of grain elevators. The data collected, however, can only_be 

used as a guide in developing a standard due to the numerous 

difficulties encountered in the measurement technique, such as 

low exit gas velocity, skewed exit velocity, large traverse area, 

variability of particulate concentration and velocity over the 
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exit area, and variability in the design of the exhaust areas 

on different brands of dryers. The accuracy and precision of the 

technique are not sufficient for determining compliance. EPA 

has concluded that methods for measuring mass particulate 

emissions from grain dryers are not available at this time. 

The only practical and feasible method of measuring particulate 

matter emissions from grain dryers is visible emission determina­

tions. 

Table 8-1 illustrates the four options considered by EPA for 

controlling P-missions from column and rack dryers. Two cases for 

column dryers were evaluated; column dryers without screen filter 

controls with a perforation size range of 0.050 to 0.084 inch 

and column dryers with a vacuum-cleaned screen filter. For the 

rack dryers~ the two cases considered were rack dryers with screens 

and rack d~yers with vacuum-cleaned screens. For each of these 

cases, all the emission nata that is available is tabulated along 

with the total capital cost, total annual costs, annual incremental 

costs, and the impact on installation of new dryers. 

The available source test data, which can only be used as a guide 

(see Chapter 5) indicate that the most efficient demonstrated method for 

controlling particulate emissions from grain dryers. both column and rack 

designs, is to cover the exhaust area with a 100 mesh screen (filter) 

equipped with a vacuum type cleaning mechanism. (Some plugging 

problems have occurred under certain operating conditions when 100 mesh 

screen filters are used.) EPA estimates (Case 2, Table 8-1) that approxi­

mately 520 new column dryers would not be installed over a five-year 
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(X) 
I __, 

. . 
Type of Type of 

Or er Control TABLE 8-1. Alternative Controls for Column and Rack Dryers 
('") ('") ;:'0 :z (,/) < {2000 bu/hr capacity) 
Ql 0 Ql 0 0 (,l)f» 
VI __, (') '"'S (')0 
rD c 7':" (,/) 11> -sC 

CostsE 3 0 .11) 11)1:: Emissions ::z ::s ii .::s ro3 
0 ::SI 

11> ('") 

::s _. 
11) 
Ql Incremental ::s 

Mass 0 m Opacity Capital Total Annual c. 
Visible of Emissions Installed Annual Control 

Emissions Emissions (lb/ton) ($} ($/bu} {$/bu)[%] 

Perforation 
Size Range -

1 X X Visible 0 .t15'0 to .256 105.000 0.0393 0 
0.084 inch 

0% 

100 Mesh 100 Mesh 100 Mesh 
No Data .osB . " 

No Data 158,400 0.051 ' 0.0117[30%] 2 X X I 

58 Mesh 58 Mesh 58 Mesh ,, ., .. 

Visible o%c 0.18 

24-30 Mesh 24-30 Mesh 24-30 Mesh 

3 X X Visible 5-10%A l.lB 114,300 0.0394 0 
; 

- ·-

100 Mesh 100 Mesh 100 Mesh 
No Visible o%c 

4 X X Emissions .05 -· 

:50 Mesh 50 Mesh 50 Mesh 1527000 0.0477 0.0083[21%] 
·-

Visible 0% ·o.sB 
A. Visual observations were taken sporadically by an unqualified opacity reader. 
B. Estimates from Figure 4-9 {use only as a guide). 
C. Observation by unqualified opacity reader. 
D. All mass data should only be used as a guide, due to inadequacies of measurement method. 
E. Costs based on ~ryer life of 15 years. 

Impact on 
Ins ta 11 ati on 

of New 
Dryers 

(No./5 yr.) 

0 

-520 

0 

0 



period if compliance with the NSPS required the use of a 100 mesh 

vacuum-cleaned screen filter. In the absence of NSPS, approximately 

1380 new column dryers would be installed. If a coarser screen of 

50 mesh were required, the screen plugging problem would be reduced; 

however, a vacuum cleaning mechanism would still probably be needed. 

Therefore, the adverse economic impact would not be reduced. It is 

EPA 1 s judgment that the economic impact of a standard that would 

require vacuum-cleaned screens for column dryers (Case 2, Table 8-1) 

is not reasonable. 

The control costs are reduced if a screen filter rather than a 

vacuum-cleaned screen filter were operated on a column dryer. However, 

the available data on opacity and the trends indicated by the available 

particulate test data (see Chapter 5 of this document) do not clearly 

demonstrate that there would be an appreciable difference in emissions 

between column dryers equipped with the coarsest screen filters now 

used on grain dryers, and those equipped with conventional perforated 

plates but no screen filters. Further, some types of column dryers, 

because of their configuration. cannot reasonably be equipped with 

screen filters. Therefore, the proposed standards were not based on 

controlling column dryers with screens (filters). 

The remaining emission control alternative is the operation of 

a co1umn dryer with no screen (Case 1, Table 8-1). Since the economic 

8-14 



impact of NSPS compared to $ta~~~tandards i~ re~n~ble if DO ~creen 

is used, EPA has concluded that this alternative is best 

demonstrated technology considering cost for column drYers. 

EPA attempted to determine whether smaller perforation& in column 

dryer plates produce lower emissions. However, no difference in 

opacity was observed for the range of hole diameters from 0.050 11 

to 0.084 11
• There are operational problems with sizes of 0.050 11 

to 0.062511 because of pluggage. However, many dryers operate with plates 

having 0.08411 diameter holes with no apparent problems. Consequently~ 

the column plate perforation size for b~s~ d~monstrated ~chnol.ogy con­

sidering costs 1s concluded to be 2.1 ITI11 (c·a. 0.084 inch). 
There are no environmental impacts associated with the best 

demonstrated technology considering costs for column dryers 
--compared with the. typical st~te sta·n.dard, sfn-ee they are 

essentially the same. Both standards.allow column dryers to 

operate without additional air pollution control equipment. 

However, individual State standards rely mainly on naisance codes 

and process weight charts for enforcement. It is questionable 

whether process weight charts can be directly applied to dryer 

emissions and the. enforcement of nuisance codes is subjective. 

In order to reduce emissions from rack dryers to a level 

comparable to that of best demonstrated technology far column 

dryers. it would be necessary to install a screen particulate 
- . ~ 

collecting device. The source test data gathered by EPA and by 

elevator operators (discussed earlier in this section· end in 

Chapter 5) ·indicate that emissions from a rack. dryer equipped 

with a 50 mesh ~acuum-cl~aned screen are approximately equivalent 
. . 
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to the emissions from a column dryer with no screen. Typical 

St~te standards now require rack type dryers to use 20 to 30 mesh 

screens for pollution control. Requiring a so· mesh vacuum-cleaned 

screen would strengthen the trend toward use of column dryers by 

country elevators, but would have no additional economic impact 

on the. grafn: ~levator industry. 

8.3.2 Air Pollution Control Devices 

EPA separately considered the capture systems at various 

grain operations and the air pollution control devices used to 

~~----·~- .t...L.- ---..t.. ....... -.J -- ...... -: -··, -·- _ ............ __ .s: ..... -.- ... ~... .... --- -·---- ~ ... s: __ _ 
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discharge to the atmosphere. The proposed stand~rds would require 

air pollution control devices on all of the affected facilities 

at a grain elevator~ except grain dryers and some types of dust-

tight grain handling operations. 

Almost every grain elevator that controls emissions uses either a 

cyclone or a fabric filter. Low-energy scrubbing devices are used 

occasionally; however~ they are generally not as efficient as cyclones 

or fabric filters. Cyclones and fabric filters were evaluated by 

EPA to determine the best demonstrated control technology, considering 

costs, for grain operations. 

Cyclones are classified as either high-efficiency or low .. efficienc.v. 

The higher gas velocity in high-efficiency cyclones, which are the 
-~----- --
most common control device presently used at grain elevators, results 

in a collection efficiency of about 85 to 95 percent. The pressure drop 

across a high efficiency cyclone is approximately 3 to 5 inches of 

water. The lower gas velocity in low-efficiency cyclones results in 
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collection efficiencies between 60 and 85 percent, and pressure 

drops of only 0.5 to 2.0 inches of water. 

The typical modern fabric filter at a grain elevator handles 

. 2,000 to 30,000 cubic feet of air per minute. Most are package units 

that can be supplied by several manufacturers. The filters usually 

operate under negative pressure with the fan pulling air through the 

system. Felted, synthetic fabrics are the most common collection media. 

The air-to-cloth ratio is usually between 10:1 and 15:1. The filter 

bags are cleaned by mechanical shaking or by forcing a jet of air thrOUQh 

them to force the dust cake off the fabric. Fabric filters typically 

attain collection efficiencies of better than 99 percent. 

EPA measured eMissions according to Reference Method 5, except 

that the probe was not heated, from eleven grain processes controlled 

with fabric filters. The results summarized in Chapter 5 of this 

document cover grain unloading, handling, and loading operations. 

The average concentration of particulate matter emissions from 

all facilities. excluding one which had hi~h emissions due to 

process irregularities, was 0.007 g/std. rn3 dry basis. Most of the 

individual test results were below 0.023 g/std. m3 dry basis. EPA did 

not measure emissions from cyclones, but estimates that emissions from 

grain operations controlled by cyclones average a factor of 10 times 

that of fabric filter control devices. 

Therefore, EPA·has determined, based on the available data, that 

the best demonstrated system of emission reduction (considering costs) 

for grain operations is a fabric filter. 

There are no significant environmental impacts associated with this 

control method when compared to cyclone control which is now generally 
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. required by State standards. Some additional particulate matter will 

be collected, and power requirements will be somewhat increased. 
. . . 

8.3.3 Truck and Railcar Unloading Stations 

The generation of particulate emissions and the methods of 

unloading grain from trucks and railcars, both boxcars and hopper cars~ 

are similar. Grain, contained in a railcar or truck bed, is delivered 

to the elevator where it is rapidly unloaded by pouring the grain 

into a hopper recessed in the ground. Trucks and boxcars are 

mechanically elevated and/or tilted so that the grain is emptied 

from the vehicle. Grain from a hopper car and some trucks is released through 

outlets at the base of each individual hopper section. These operations 

are described in detail in Chapter 4 of this document. A falling 

stream of grain is created in each of these cases which generates 
. . 

turbulent air fl0\<1 in the receiving hopper. Particulate matter in 

the grain fs entrained in the turbulent air currents and flows out of 

the .hoooer with tl'le displaced air :if controls are not ~pplie~. 

The demonstrated methods for controlling particulate emissions 

from truck and railcar unloading operations include a collection hood, 

in the receiving hopper, ventilated to an air pollution control device 

and a protective enclosure around the fac1lfty to reduce the interfering 

effect of winds. 

Three alternatives were evaluated by EPA concerning protective 

enclosures of the unloading station. Generally, enclosures or 

sheds are used to protect the grain and workers from inclement 

weather. In some locations, however~ where the weather is 

consistently dry, unloading stations do not have sheds. In 

developing the proposed standards, EPA determined that a protective 
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enclosure is required to prevent wind from greatly interfering 

with the effectiveness of particulate capture by the hopper 

ventilation system. 

The alternative protective enclosures considered werie 

(1) a shed with two open ends, (2) a shed with one open end, 

and (3) a totally enclosed shed. A shed with two open ends 

was determined to be least effective because it allows the wind 

to blow directly through and over the receiving hopper. A shed with 

one open end and a totally enclosed shed were found· to greatly 

diminish the effects of wind upon the ventilation system~ 

The totally enclosed shed has been demonstrated in railcar 

(hopper and boxcar) unloading operatfons9 where the two ends 

of the shed are equipped with quick-operating doors. However, 

all of the truck unloading facilities inspected by EPA were 

designed so that the front end of the truck extends out from 

under the open end of the shed. Some reduction in particu~ate 

emissions could be realized by totally enclosing the truck unloading 

operation; however, no elevators that use this method are known by EPA. 

In order to totally enclose the oper.ation, the shed would have 

to be greatly increased in both length and height because the 

front ends of the trucks are raised considerably to allow the grain 
to flow out the rear of the truck. This would increase the cost 

of the shed substantially. In addition, truck unloading operations 

are located at all small country elevators, whereas railcar unloading 

is only found at larger elevators. Greatly increased costs would 

be incurred, especially at small elevators, and minimal reduction 
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in emissions would result from the use of a completely enclosed 

shed on truck unloading operations. Therefore, EPA has concluded 

that the best demonstrated system of emission reduction (considering 

costs) for truck unloading stations is a shed with ·one open end 

and for railcar unloading stations is a totally enclosed shed. 

When compared to typical State standards, these control methods 

will have minimal secondary environmental impacts. r-1ore particulate 

matter will be collected, ·some of which may have to be disposed of, 

and the energy requirement will be somewhat greater. 

The system for railcar unloading would include a receiving 

hopper equipped with baffles and ventilated at a rate of approxi­

mately 15,000 to 25,000 cfm depending on the size of the facility. 

The system for truck unloading would include a receiving hopper 

equipped with baffles and ventilated at a rate of approximately 

12.000 cfm. 

8.3.4 Barge and Ship Unloading Enui~nt 

Ba~e and ship unloading stations are generally onen to the 

weather. Grain is unloaded with a bucket elevator (leq) that is 

lowered into the vessel. Particulate matter is generated in the hold of the 

vessel by the buckets of the leg and at the transfer point at the 

top of the le~ where the grain is dumoed into a receiving hopper. 

To completely clean the barge, it is usually necessar.v to push 

or pull the grain to the leg with newer shovels or front end loaders, . . 

whicn generates a large amount of particulate matter emissions. 

All of the bucket elevators observed by EPA during the develop­

ment of the proposed standards had various t.vPes of enclosures and 
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were ventilated. Ventilation should be applied, to effectively control 

particulate matter emissions, on both sides of the bottom portion 

of the leg and at the top of the leg where the grain is transferred 

to a storage bin. A facility with the leg enclosed from the top 

(including the receiving hopper) to the center line of the bottom 

pulley appeared to perform with the least emissions. This facility 

was observed in operation with and without the ventilation system 

in operation. Ventilation was applied at the base of the leg 

and at the top of the elevator. Significantly higher opacities 

were observed during the operation without ventilation than when 

the ventilation was in use. The ventilatf.on rate used at this 

facility, which was 32.1 actual cubic meters per cubic meter of grain 

handling capaci~y (ca. 40 ft3/bu), was judged to be adequate to 

effectively capture the particulate emissions {refer to Chapter 4 

of this document). 

Therefore, EPA considers the best demonstrated system of 

emission reduction {considering costs) for barge and ship unloading 

stations to he a leg enclosed from the top {including the receivinn 

hopper) to the center line of the bottom pulley with ventilation 

to a particulate control device maintained on both sides of the 

leg and the grain receiving hopper. The total rate of air ventilation 

must be at 1east.32.1 actual cubic meters per cubic meter of grain 

handling capacity (ca. 40 ft3/bu). 
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8.3.5 Grain Handling-Operations 

Grain handling equipment is used to transfer grain from 

unloading operations to storage, to clean and weigh the grain. 

and to transfer the grain from storage to loading operations. 

Conveyors, surge and garner bins, tur.n heads, cleaners, scalpers_, 

trippers, legs, scalest tne neadnouse and otner such structures 

are the individual pieces of equipment included under gr.ain handling 

equipment. Most of the individua 1 pieces of equipment are usually 

located inside of the headhouse or associated evator structures. 

Emissions from these operAtions~ if not propPrly cnntro11~d~ can 

be emitted through doors or windows of the headhouse. For purposes 

of the proposed standard, the housing for the conveyor and tripper 

mechanism atop the storage silos is considered to be part of 

the headhouse. In some cases, however, various grain handling 

equipment is located outside of the headhouse. Some conveyor 

systems, especially at elevators which load and unload ships 

and barges, are always outside of the headhous~. 

Emissions from grain handling equipment generally occur at 

transfer points in the system and at openings in the partial 

enclosures that house some equipment such as cleaners. Emissions 

can also be generated over the length of outside conveyors if 

they are not properly shielded from winds. At transfer points, 

the grain is 11 dropped 11 from one piece of equipment to another 

and the resulting air turbulence can generate particulate matter emissions. 
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Particulate emissions from grain handling equipment can be 

minimized through the use of totally enclosed equipment, by 

handling the grain at a slower rate, or by using ventilated hooding 

systems designed to capture emissions. 

EPA has concluded, based on available data and field inspection 

of all of the equipment listed under grain handling, that the best 

demonstrated system of emission reduction (considering costs) for 

grain handling operations are: 

1. Cleaners -Two methods are considered to be equally 

effective. Screen cleaners can be controlled by 

hooding or partially enclosing the cleaner and 

ventilating the particulate matter to a particulate 
' " ' . 

control device. Alternatively, screen cleaners can 

be totally·enclosed without ventilation. 

2. Conveyors - Conveyors can be completely enclosed 

and should have a hooding mechanism ventilated 

to a particulate control device at any transfer 

point along the conveyor. 

3. Scales, surge and garner bins, turn heads, scalpers, 

and legs - Scales, surge bins and garner bins can be 

vented to a particulate control device. The bins 

can be vented to each other so the air can be exhausted 

to a single control device. Turn heads and scalpers 

can be enclosed and ventilated to a particulate 

control device. These operations can also be fitted 

with total enclosures. Legs can be ventilated 

at the top and bottom where grain exits and enters 

the bucket elevator. 
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4. Trippers and tripper conveyors - Trippers can he 

equipped with a hooding system ventilated to a 
., . 

particulate control device. The conveyor associated 

with the tripper can be enclosed and can be venti­

lated at .all transfer points: 

5. Aeadhouse and other such structures -All other grain 

handlin~ operations which are located inside these 

structures can be equipped with the best system uf emission 

reduction {considering costs} for that operation. 
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equipment contained within the headhouse and equipment which is 

located outside of the headhouse. 

8.3.6 Truck and Railcar Loading Stations 

The methods of loading grain into trucks and railcars {boxcars 

and hopper cars) are similar. A stream of grain flows via the 

force of gravity through a loading spout into the compartment of 

the vehicle. The mechanisms•.ttlat generate particulate emissions 

are also similar. During these operations, particulate matter in the 

grain is entrained in turbulent air currents produced when the stream 

of grain impacts the vehicle compartment or grain which has already 

been loaded. The particulate matter can then be emitted from the 

compartment with the displaced air. 

EPA has observed demonstrated methods for controlling particulate 

emissions from truck and railcar loading operations that include a 

ventilated hooding system and a partial enclosure around the vehicle 

and loading spout to reduce the interfering effects of winds. 
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Truck loading 

During the development of the proposed standards~ EPA could not 

locate a truck loading operation in the grain industry that used what 

was considered to be the best system of emission reduction (considering cost) 

that could be applied. Therefore~ other industries such as lime and 

flour and grain processing were studied in an attempt to find well 

controlled truck loading operations in these industries. EPA located 

and observed a soybean meal truck loading operation. This operation is 

well controlled; however, 1t does not have what 1s· considered to be the 

best system of emission reduction. loading soybean meal into trucks 

was determined by EPA to be as dusty an operation as loading grain 

into trucks; therefore, a direct transfer of technology to grain 

loading operations is possible. 

Trucks were loaded with soybean meal inside of a shed with one open 

end. The loading spout was equipped with a canvas sleeve, but the soybean 

meal had to fall about ten to twelve feet from the end of the sleeve 

into the truck bed. Particulate matter was generated from this 

process after the meal impacted the truck bed. The shed was 

ventilated by a duct at a rate of approximately 6000 cfm. The 

ventilation duct was located beside and to the rear of the loading 

spout and was not very effective in containing emissions. EPA 

believes that a better control system can be designed than the one 

observed; however, this is the best system that has been demonstrated 

for truck loading operations w~fch are very similar to grain loading 

operations. EPA has concluded that the best system of emission 

reduction (considering costs) for truck loading operations is a 
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shed: with one open end, equipped with a loading spout with a 
~ 

canJas sleeve and a hooding system ventilated at a rate of 
~ 

approximately 10,000 ~o 12,250 cfm. A total enclosure of the 

truck loading operation would more effectively eliminate the 

interfering effects of winds. However, no such truck loading 

operation was found in the field. 

Hopper Car and Boxcar Loading 

Particulate matter emissions which result from the loading 

of grain into hopper cars is controlled in the grain industry 

by a hooding system. ventilated to an air pollution control 

device, located at the end of the loading spout. The loading 

operation is usually:enclosed in a shed with two open ends. 

This control method is the only effec~ive demonstrated particu­

late control system used for loading grain into hopper cars. 

The type of hooding and the ventilation rates are the only 

variables. Several hopper car grain loading systems were studied 

by EPA by reviewing the manufacturer•s designs of the systems 

and through communications with grain elevator operators and 

plant engineers. EPA gathered data from the operation which 

was determined to be the most effective system. 

EPA has concluded that the best system of emission reduction 

(considering costs) for railroad hopper car loading stations 

is a shed with two open ends, and a hooding system located next 

to the loading spout which is ventilated at a rate of about 

10,000 cfm. 
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The grain industry has essentially only one demonstrated 

particulate control method for loading boxcars. This technoloqy 

is explained in Chapter 4 of this document. The technolo~y consists 

of a small bufldinq-like structure that is elevated to the level 

of the boxcar door. This structure encloses a ~rked and curved 

loadinq spout and the enclosure is ventilated. The entire operation 

is usually enclosed in a shed with two open ends. 

EPA took opacity measurements on the best controlled facility 

which was found. The operation observed, however, was not considered 

to employ the best control technology that could be applied. This facility 

could be maintained in better condition and higher ventilation rates 

could be used. 

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 air pollut·ion control device on both 

facilities. The grain flows through a loading spout and is 

deposited in a receiving vessel (the railcar} at each facility. 

Fugitive particulate matter emissions are also generated in a 

similar manner. The stream of grain and induced air flowing into 

the railcar disturbs and displaces the air in the railcar. Also, 

when the grain impacts against the receiving vessel, turbulence 

is created in the surrounding air. Particulate matter can be 

entrained in the turbulent air currents and flo~ out of the 

railcar with the displaced air. Possible alternatives could be 

to entirely enclose the loading operation or to have a door 

on one end; however, no such technology presently exists 1n the 

field. 
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EPA has concluded that the best system of emission reduction 

(considering costs) for railroad boxcar loading stations is 

a shed with two open ends. A loading spout enclosed by a small 

building-like structure which extends to within 6 inches of the 

side of the boxcar and hinged doors about 8 inches wide, equipped 

with rubber flaps~ which seal the sides of the enclosure to the 

boxcar are part of this best control system. This bu~lding-like 

structure is ventilated at a rate of about 10,000 cfm. 

8.3~1 Barge and Ship Loading Stations 

Grain is loaded into ships and barges after it is convey~cl 

storage to the 1 oad i ng area, The grain fa 11 s dm"ii 1 ong 1 oadi ng spouts 

that are inserted into the holds of the vessels. Partic•tlate emissions 

occur when the grain drops from the end of the loading spout into 

the hold. and when particulate matter in the grain already deposited 

becomes reentrained in the disturbed air of the hold. The entrained 

particulate matter can then exit through the hold opening into the 

outside air. 

EPA considered t~ system for controlling particulate matter 

emissions from barge and ship loading. The first consists of a tele­

scoping loading spout that is adjusted to the elevation of .the grain 

surface as 1 oading proceeds. Ventilation fs applied at the end of 

the spout. T~o variations of this system were observed by EPA. The 

end of the loading spout on one system was e"tended into the grain 

surface to minimize the generation of emissions. The other operation 

used a "dead box" system at the end of the spout to slow the flow of 
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the qrain as it entered the hold. The end of the spout was usually 

kept a s1ight distance {six inches to one foot} above the grain 

level in the hold. The second system considered was to cover the 

hold with canvas or plastic sheeting except where the loading 

spout enters. However, no system of this type was observed in 

operation. Particulate matter can be ventilated from beneath the 

cover to reduce emissions from the hold. 

EPA has concluded that the best system of emission reduction 

(considering costs) for barge and ship loading operations is a 

telescopic loading spout which is adjusted to extend directly into 

the surface of the grain. Approximately 20,000 cfm of ventilation 

1s applied to the loading spout system. EPA believes, however, that 

by covering the entire hold or by using a 11 dead boxu system on the 

loading spout, equivalent control can be achieved. 

8.3.8 Economic and Environmental Impacts 

There w111 be minimal adverse environmental impacts if the 

best system of emission reduction (considering costs) is applied 

to each affected facility at grain elevators. As proposed, the 

standards would accomplish an overall reduction of more than 

99 percent in uncontrolled particulate emissions from new grain 

elevators. This will result in significantly reducing the emissions 

of particulate matter to the atmosphere. The existing elevators are 

controlled with cyclones while the proposed standards will require the 
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use of baghouse control. A typical cyclone is approximately 90 percent 

efficient on particulate matter from grain elevators while a baghouse 

is estimated to be approximately 99 percent efficient. 

Estimates for various model grain elevators show that the 

proposed standards would reduce particulate matter emissions to a 

level that is 67 to 94 percent less than levels required by typical 

State standards. This reduction in emissions results in a significant 

reduction of ambient concentrations of particulate matter in the 

vicinity of grain elevators. The maximum 24-hour average concen­

tration at a distance of 0.3 km from the model facilities would be 

reduced to a level that is 52 to 76 percent lower than the maximum 

concentration that results from control to the levels of typical 

State standards. By 1981, the proposed standards would reduce the 

total amount of particula'te matter emissions into the atmosphere 

by 232000 tons per year. These estimates indicate that the primary 

environmental impact of the proposed standards are beneficial 

and also significant. The secondary environmental impacts 

of the proposed standards waul d be minor. There wi 11 be 
no impact on water pollution Because only dry collectors would 

be used to control partfculate emissions. Minimal additional 

solid waste handling or disposal problems would be caused by 

the standard. Currently, approximately 68 percent of the particulate 

matter collected by emission control devices at elevators is returned 

to the grain, 30 percent is sold for use in feed manufacturing and 
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2 percent is disposed of as solid waste. The additional particulate 

matter collected by more efficient control devices will either be 

sold for feed or landfilled. Generally. this additional particulate 

matter will be sold for feed. The market for any one elevator, however, 

is dependent upon its location relative to feed manufacturers. EPA 

estimates the amount of particulate matter disposed of will remain 

at about 2 percent~ which would amount to about 0.14 pound per ton 

of grain. This amounts to only 20 percent of. the amount of particulate 

matter disposed of at an uncontrolled grain elevator. The proposed 

standards would have nrinimal adverse impacts on noise and land-use 

considerations. A relatively minor amount of particulate matter, 

sulfur dioxide and nttrogen oxides would be discharged into the 

atmosphere from power plants supplying the additional electrical 

power required for the air pollution control devices needed to achieve the 

proposed standards. Overall, there wi11 be a sign1f1cant positive 

effect in reducing the amount of particulate emissions to the 

ambient atmosphere. 

The incremental energy required, above the typical State 

standard requirements, by the proposed standards to control 

all new,·modified, or reconstructed grain elevators constructed 

by 1981 is equivalent to about 17,000 barrels of Number 6 fuel oil. 

This indicates tfiat tne proposed standards would have a minor 

impact on the imbalance between national energy demand and 

domestic supply. The energy requirements of the proposed standards 

would result from the use of fabric filter control instead 

of the existing cyclone control requirements. The additional 

energy that would be reqsdred to meet the proposed standards 

represents approximately 23 percent of the total p~cess energy 
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requirements of new grain elevators. This is an increase·of 

about 5 percent above the energy presently needed to meet typical 

State standard requirements for new grain elevators. 

standards of performance for new and modified stationary 

sources sometimes result in a more severe economic impact on 

smaller firms than larger ones. This occurs primarily because 

economies of scale generally favor larger installations and 

competitiveness has a greater impact on smaller firms.· for 

these reasonst EPA has proposed a lower size cut-off, based 

on yearly grain through-put of 700,000 bushels. This amount 

of grain corresponds to a total leg capacity of 10,000 bushels/ 

hr and the proposed standards exempt farm, country, terminal 

grain elevators and commercial rice dryers that have a total 

leg capacity less than 10,000 bu/hr. There is no lower size 

cut-off for storage elevators at processing plants, except 

commercial rice dryers, because these plants can afford the 

necessary controls to meet the proposed standards. Therefore, 

the proposed standards would have no adverse impact on small 

businesses. The total added production cost in relation to 

sales price of the proposed standard is 0.5.percent based on 

a selling price of $2.40 per bushel for corn. This cost includes 

the cost imposed by the standard from the farm to the port 

terminal elevator. The maximum cost added at an individual 

grain elevator is less than 1 cent per bushel. The costs that 

new, modified and reconstructed grain elevators would incur 

to comply with the proposed standards are considered reasonable. 

A detailed discussion of the economic considerations evaluated 

is presented in Chapter 6 of this document. 
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8.4 SELECTION OF THE FORMAT AND EMISSION LIMITS OF TiiE PROPOSED 
STANDARDS 

Emission limits and standards for affected facilities at 

grain elevators were chosen based on the available data and 

information on best systems of emission reduction (considering 

costs) discussed in Section 8.3 and Chapter 5. The purpose of 

each of the quantitative emission standards is to ensure that 

the best system of particulate emission reduction, cons1dering 

costs, is applied to each affected facility. In addition, the 

standards must be in a form which is enforceable. 

Particulate emissions from the affected facilities at a ·grain 

elevator, excluding air pollution control devices, are considered 

fugitive emissions. These emissions are discharged from an exhaust area 
7 ~ • ~ - •• -- -

that is usually very large. Therefore, it is difficult to apply 

the usual particulate source test methods designed for measuring 

stack emissions to affected facilities at grain elevators. In 

additions numerous difficulties, such·as low exit gas velocity, 

skewed exit velodty, variability of particulate concentration 

and velocity over the exit area, and the variability in the 

design of exhaust areas make source testing impractical. EPA 

has concluded that practical and feasible methods for measuring 

the mass of fugitive particulate emissions from affected factlfties 

at grain elevators are not available at this time. Therefore, 

neither mass nor concentration standards have been proposed 

for affected facilities at grain elevators. The remaining options 

for regulating emissions are visible emission/opacity standards 

and equipment standards. For these reasons, the proposed standards 
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include visible emissionfopacity standards for six affected 

facilities, an opacity standard with the alternative of using 

specified equipment for one affected facility, and an equipment 

standard for one affected facility. A concentration standard 

and an opacity standard are proposed for air pollution control 

devices. 

The proposed yi s·ible em1·s,ston s-tandards 1ncl ude zero pet-cent, 

10 percent, and 15 percent opacity standards and a no visible 

emission standard. These various visible emission standards are 

necessary because of the different characteristics of the emissions 

from the affected facilities. The no visible emission limit means 

that an inspector viewing a source would see no visible emissions 

without the aid of instruments. This is achievable when an 

affected facility is totally enclosed with proper ventilation. 

Under this arrangement, no visible emissions escape to the 

atmosphere. The emissions from facilities subject to the zero 

or greater percent opacity levels would be evaluated according to 

EPA Reference Method 9. Reference Method 9 specifies that 24 

observations be taken at 15-second intervals and averaged over a 

6-minute period. The individual observations are recorded in 5 percent 

increments (0, 5, 10, etc.); however, averaging 24 observations may 

result in a six-minute average which is not a whole number. The 

6-minute average is to be rounded off to the nearest whole number 

following the standard rules of rounding (e.g., 0.49 would be rounded 

off to 0, 0.50 would bel, 7.51 would be 8 etc.). This means that 

an affected facility subject to a zero percent opacity standard 

could have two of 24 observations at 5 percent opacity and the 
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other 22 observations at 0 percent opacity and still be in 

compliance. The six-minute average in this case wou1d be 0.42 

percent and would be rounded off to 0 percent, the nearest 

whole number. 

Grain Dryers 

The proposed standard for grain dryers limits e~issions to zero 

percent opacity (six-minute average), or alternatively column dryers 

are in compliance if the column perforation diameters are 2.1 mm 

(ca. 0.084 inch) or less and rack dryers are in compliance provided 

all exhaust gases pass through a 50 or finer mesh screen filter. 

The opacity standard was developed from a total of 130 six-minute 

opacity averages taken on five column-type dryers with varyinq 

perforation diameters. Four six-minute averages were rejected 

because of the interference of steam in the exhaust. The remainina 

126 averages ranged from no visible emissions to one percent opacity, 

and the majority were zero percent opacity. Two rack-type dryers were 

observed for visible emissions. One was equipped with a 50 mesh 

vacuum-cleaned screen (filter) and the other had no screen. A total 

of 5 six-minute opacity averages, ranging from no visible emissions 

to zero percent opacity, were taken at the rack dryer equipped with 

the 50 mesh screen. EPA believes that column dryers equipped with 

column perforation diameters of 2.1 mm (ca. 0.084 inch) or less 

and rack dryers equipped with 50 or finer mesh screens wf11 achieve 

the proposed emission limit of zero percent opacity. Therefore, 

as an alternative, EPA has proposed the option that a column dryer 

may be equipped with column perforations of 2.1 mm (ca. 0.084 inch) 

or less and rack dryers may be equipped with 50 or finer mesh screens. 
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Air Pollution Control Devices 

As explained in Section 8.3, EPA concluded that fabric filters 

represent the best system of emission reduction (considering costs) 

for all of the affected facilities at a grain elevator, except grain 

dryers and some types of dust-tight grain handling operations. EPA 

measured particulate emissions according to Reference Method 5, 

except that the ~obe was not heated, from eleven grain processes 

controlled with fabric fH ters. 

EPA considered both mass and concentration units for the 

propn~P.d standards. The basic difference is that a standard 

which restricts the mass rate of emissions would minimize the 

total mass emitted, whereas concentration units allow the mass 

rate to increase in direct proportion with the volume of gas 

exhausted through the control device. This is an advantage for 

concentration units for grain elevators since the concentration 

standard does not discourage use of large volumes of ventilation 

air. As one might surmize, adequate suction at the collect1on 

hood is necessary for complete capture of the particulate matter 

generated by the process. Another advantage of concentration 

units is that the emission test provides all information necessary 

for enforcement {determination of mass emissions per volume of 

gas discharged through the control device). Mass standards~ 

however, are usually based on a unit of product or raw material 

to the process. They require an accurate determination of both 

mass emissions and product or raw material weight. The latter 

are obtainable only from the operator and are often difficult 



parameters to measure. This is particularly true for grain elevator 

operations for the following reasons. 

1. The amount of grain handled on conveyor belts, legs, 

or cleaners is generally not measured. 

2. If more than one process is controlled hy a single 

collector (i.e., headhouse filter), it may be impossible 

to determine the process weight during compliance 

testing. When a standard with concentration units is 

applicable to each Rrocesst compliance for any number 

of processes can be determined by only measuring the 

concentration from the control device. 

The average concentration of particulate matter emissions from 

all the grain processes tested, excluding one which had high emissions 

due to process irregularities, was .007 gram per standard cubic meter 

dry basis. Most of the individual test results were below .023 gram 

per standard cubic meter dry basis. Therefore, EPA selected .023 

~ram per standard cubic meter dry basis as the emission limit for the 

proposed standards. To meet this emission limit, it would be necessary 

for grain operations to install and properly operate fabric filter 

control systems rather than less effective control systems such as 

high efficiency cyclones. 

A zero percent opacity standard (based on six-minute averages) 

is also proposed for air pollution control devices. EPA observed 

two fabric filter systems on grain processes and all of the 

individual readings, a total of 56 six-minute averages, were no 

visible emissions. EPA believes that the proposed standard of 
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zero percent opacity will ensure the proper operation and maintenance 

of the air pollution control device. 

Truck Unloadin_g_ 

An emission standard of no more than zero percent opacity (six­

minute average) is proposed for truck unloading operations at grain 

elevators. A total of 138 six-minute opacity averages have been 

gathered by EPA. The range of these six-minute averages is no 

visible emissions to 1 (0.83) percent. A total of 120 six-minute 

averages were no visible emissions and 17 six-minute averages were 

zero percent opacity. Based on the available data, EPA has concluded 

that a standard of zero percent opacity can be achieved by the best 

technology, ~o~~id~rf.~~ cos~~. for ~r..u.ck unload1.n~ of. ~rqfn. 

Railcar Unloading 

The proposed standard for unloading railcars, both boxcars 

and hopper cars, at grain elevators is no visible emissions. A 

total of two hours of visible emission/opacity data was gathered 

by EPA on a boxcar unloading operation at a grain elevator. Every 

data point, taken at 15-second intervals, was no visible emissions. ,. 

Data to substantiate the standard were not collected for hopper 

car unloading operations. However, EPA has observed hopper car 

unloading operations and believes that unloading of boxcars is 

a dustier operation than unloading of hopper cars. Therefore, the 

proposed standard applies to both hopper cars and boxcars. Based 

on the available data, EPA concluded that no visible emissions 

from railcar unloading is achievable. 

Barge and Ship Unloading 

An equipment standard is proposed for barge and ship unloading 

operations at grain elevators. EPA took visible emission/opacity 
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observations of a barge unloadin~ operation. Tne resulting data show 

an extremely wide range of opacity. with some six-minute averages 

above 65 percent opacity. EPA decided that an opacity standard 

cou"lct not be set, due to this wide range of six-minute opacity averages, 

that would ensure the use of best demonstrated control technology. 

Tnere'fore, EPA has proposed a standard which requires the leg to 

be enclosed from the top (including tbe receiving hopper} to the center 
. . 

line of the bottom pulley with ventilation to a particulate control 

device maintained on both sides of the leg and the grain receiving 

hopper. The total rate of air ventilated most be at least 32.1 actual 

cubic meters per cubic meter of grain handling capacity (ca. 40 ft3/bu). 

Grlin Handling 0Rerations 

The proposed standards would require grain handling operations 

to meet a zero percent opacity stanciard (six-minute average). As 

described in Section 8.3, this standard applies to grain handling 

equipment ~lt?~~.ted ins Jde. ot: elevator_ structures { usua py h_(!.adhous~s), 

to those located outside of elevator structures and to the elevator 

structures themselves. Approximately four hours of visible emission/ 

opacity data were obtained by EPA on an exterior conveyor and on a 

headhouse. These observations were taken concurrently. All of the 

data, taken at 15-second intervals, were no visible emissions. 

Separate data were not obtained on every piece of grain equipment 

included under grain handling operations. However, the items included 

under this affected facility, listed in Section 8.2~ were in operatiog 

during the time the headnouse was :being observed. :~ zero percent opacity 
.. "' .... ~ ' ... , - _ ... ---· "'"·'"- ... -~- ,.,... ----- --· . . . , . 
sta!1dard ha.s been proposed instead of no visible emissions. Zero 
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percent opacity (six-minute average) allows the possibility of slight 

emissions from the headhouse. Based on these available data and 

information, EPA believes that a zero percent opacity standard is 

achievable and will require the use of the best system of emission 

reduction (considering costs) for grain handling operations. 
Truek Loading 

Truck loading operations at grain elevators wi11 be required 

to limit emissions to 10 percent opacity under the proposed standards. 

A total of 30 six-minute opacity averages were gathered oy EPA 

from a trud loading operation. The six-minute opacity averages 

ranged from one percent to 10 percent. The proposed standard is 

based on these data. As explained in Section 8.3, EPA believes 

that a better control system can be designed than the one observed. 

However, this operation is the best technology presently available 

in the field. 

Boxcar and Hopper Car Loading 

EPA is proposing a zero percent opacity limit for boxcar loading 

and for hopper car loading at grain elevators. EPA believes that a 
-

zero percent opacity limit will require the use of the best control 

technologies. considering cost, which are explained in Section 8.3. 

A total of 6 six-minute opacity averages were gathered by EPA 

on boxcar loading operations. These averages ranged from three 

percent to five percent opacity. As explained in Section 8.3, EPA 

believes that the boxcar loading operation observed could be main-

tained in better condition aaddhave a greater amount of ventilation. 

EPA 1s proposi,ng a zero percent opacity standard for boxcar loading 
' ' .. . . . ' . ------ ~·- ....... ,. -. ·-· .. ,., " 

based on a transfer of technology from hopper car loading. 
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A hopper car loading operation was observed by EPA personnel 

and approximately two and a half hours of visible emission/opacity 

data were gathered. Ninety-nine percent of all readings taken, at 

15-second intervals, were no visible emissions. There was no 

appreciable wind during this observation period. Therefore, EPA 

has proposed a zero percent opacity limit to allow for possible 

slight particulate ~ssions during other than ideal conditions. 

Barge and Ship Loading 

EPA observed ship loading operations at a grain elevator and 

gathered approximately six hours of visible·emission/opacity data. 

These data were summarized into 67 six-minute averages. EPA further 

divided these averages into 18 six-minute averages during the topping 

off operation and 49 six-minute averages during normal loading 

operations. 

Topping-off ts defined in the regulatton as that part of the 

barge or ship loading operation which occurs within four feet of 

the top of the hold. The six-minute averages taken during topping­

off operations varied greatly and the range was no visible emissions 

to 17 percent opacity. Only one six-minute average was above 15 percent 

opacity. EPA, therefore, is proposing an emission standard of 15 

percent opacity during the topping-off period of barge and ship loading 

operations. The available data show that this is achievable by the 

best demonstrated technology, considering cost. 
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The range of the 49 six-minute averages taken during normal 

loading operations was no visible emissions to 9 percent opacity. 

Based on these data, EPA is proposing an emission standard of 

10 percent opacity for normal barge and ship loading operations. 

EPA has no data on loading grain into barges. However, EPA 

has observed barge loading operations and considers barge and ship 

loading operations to be similar and has concluded that the above 

mentioned standards apply to barge loading as well as to ship loading. 
. . 

8.5 MODIFICATION AND RECONSTRUCTION CONSIDERATIONS 

Two actions that would render an existing elevator subject 

to the standards of perf9nnance for new sources are 11modification 11 

or 11 reconstruction. 11 All of the pollution sources at grain elevators 

have been classified by EPA into eight affected facilities. This allows 

each affected facility to be modified or reconstructed without 

causing the entire grain elevator to be subject to the proposed 

standards. If the equipment or operations at an affected facility 

are altered in a manner which increases air pollution_ that 

facility may become subject to the standards in accordance with 

section 111(a)(4) of the Clean Air Act. Regulations to implement 

this provision have been promulgated in 40 CFR 60 and amendments to th~se: 

general provisions were promulgated in 40 CFR on December 16, 1975. 

Modifications 

Modification of an existing facility is any physical change 

fn, or change in the method of operation of that faciltty which 

requires a capital investment and increases the amount of particulate 
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emitted to the atmosphere (provided the amount of particulate 

emitted to the atmosphere increases as specified in 40 CFR 60.14(b) 

or which results in the emission of any air pollutant {to which 

a standard applies) into the atmosphere not previously emittedJ. 

Any change in a facility that results in an increase in the 

uncontrolled emission rate (in kilograms per hour) is not considered 

a modification if the emission rate to the atmosphere is maintained 

at the same level by upgrading the collection system. Also, an 

increase in the emission rate to the atmosphere can be permitted 

at one affected facility if the operator can demonstrate· to the 

Administrator's satisfaction that the total emission rate from 

all existing affected facilities at the stationary source has not 

increased. Examples of modifications to elevators are increases 

in the grain handling capacity of unloading systems. cleaners, 

dryers, conveyors, legs, scales, storage capacity, or loading 

systems, which result in increased particulate emissions (kg/h) 

to the atmosphere. This would occur if a grain e1evator were to 

upgrade its facilities to take advantage of unit train discount 

rates. 

The following are not considered modifications: 

l. An increase in grain through-put which is accomplished 

without making physical changes requiring capital 

expenditure (i.e., by increasing operating time}. 

2. Chan~es to an emission control system, except when the 

replacement system is considered less efficient by 

the Administrator. 
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3. Addition of storage capacity without an increase in 

air pollution. 

Reconstruction 

An "existing facility" would become subject to the standards of 

performance for new sources upon reconstruction, irrespective of any 

cnange in emission rate. Keconstruction entails the replacement of 

components of an existing facility to such an extent that the fixed 

capital cost of the new components exceeds 50 percent of the fixed 

capital cost that would be required to construct a comparable entirely 

new facility, provided it is technically and economica11y feasible 

to meet the applicable standards. 

Examples of reconstruction are: 

1. Replacement of a facility destroyed by fire, flood, 

tornado, or other catastrophe, and 

2:. Replacement of a substantial portion of the conveyors, 

legs, or 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 of procurement, 

installation and start-up are relatively high (usually more than 

ten percent) compared to the investment costs of the control systems 

for grain elevators. The costs of monitoring were judged not to 

be reasonable by EPA, even though enforcement of the standard 

would be enhanced by the installation of monitors. 
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8.7 SELECTION OF PtRFORMANCE TEST METHODS 

In developing the data base for standards of performance for 

new sources and in specifying a reference method for use in compliance 

testing, several factors are of primary importance: 

(a} The method used for data gathering and the method 

subsequently established as the reference·method 

must be the same, or must have a known relationship 

to each other. 

(b) The method should measure pollutant emissions which 

are indicative of the performance of thejeest systems 

of emission reduction. 

(c) The method should include methodology conducive to producing 

consistent and reliable test results. 
1 • • ~ • 

For parti ate matter emissions from stacks, EPA relies primarily 

upon Method 5 which meets these three criteria. 

Method 5 was used to obtain the data base for the particulate 

emissions concentration standard for new grain elevators; howevert 

~~e method was not used exactly as prescribed in the Federal Resister 

(EPA, NSPS, F~deral; Register, 36(247): 24882~24895). The el~ctric 

heating'systems for the probe and filter holder were not used for 

two reasons. First, the gas streams sampled were essentially ambient 

streams, of low temperature and moisture content. Con$equent1y, 

even without the heaters, no significant amount of water vapor 

would condense ahead of the impingers. Second, grain dus~ (particulate), when 

emitted in sufficiently high concentrations. presents an explosion 
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hazard; use of the electrical. systems preseats a possible source 

of accidental ignition. 

The effect of operating the sampling train without heaters 

was that the particulate collection took place at stack (ambient} 

temperature~ rather than at 250°F. Thus, for this type of source, 

in-stack and out-of-stack filtration methods (whichever method 

fs used, the collection temperature is the same) can be considered 

equivalent provided that the in-stack filter does not appreciably 

affect velocity measurements and adequate leak check procedures 

are foll'*ed. 

In light of this, two reference methods are being proposed for 

comp1iaace testing for the particulate emissions concentration 

standard at new grain elevators: (1) Method 5 with the probe and 

filter heaters off, and (2) Method 17, a modification of Method 5, 

in which an in-stack filter replaces the glass probe and out-o~istack 

filter. Method 17 employs the same~·-tYpe ~f.filter and o·{her sampling 

procedures asr:are used in Method 5. Method 17 involves only minor 

modification of existing equipment and, by eliminating the need for 
a glass-lined probe and a rigid probe-to-filter holder connection, 

results in a simplification of compliance test procedures. Reference 

Method 17 has already been proposed in the New Source Performance 

Standards for Kraft Pulp M111 s. 
Method 9 is the reference method which EPA has developed 

for compliance testing of opacity standards. This method has 

already been promulgated. 

Grain dryers typically exhaust directly from the outlet of the 

control device to the atmosphere without the use of an exhaust stack. 

The cross sectional a~ea of the outlets is generally quite large. 
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The resulting low velocities and unconfined flow are not amenable to 

sampling with conventional techniques. Therefore, during the develop­

ment of the standards of performance, attempts were made to develop 

methodology which would allow representative sampling. Since hooding 

could cause exhaust pressure buildup and upset the drying process, 

the procedures which were employed focused upon techniques for 

measuring low velocities, and for obtaining renresentative samples 

unaffected by crosswinds. Both a hot wire anemometer, and soecial 

pitot tube technique were used in attempts to accurately measure 

velocitv. A three-foot section of 12-inch diameter duct was placed 

perpendicular to the exhaust outlet to serve as a mini-stack. Sampling 

was conducted at the center of the duct section while the duct section 

was traversed across the control device outlet. Based upon the 

experience gained during two tests employing these techniques, it was 

concluded that sampling results of acceptable accuracy could not be 

obtained. Both the problem of crosswinds, and the strong vertical 

component present in the exhaust gas flow which varies from source to 

source were identified as primary factors preventing obtainment of 

representative samples. 
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EVOLUTION OF THE PROPOSED STANDARDS 
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. Date 

7/l/71 

7/14/71 

7/20/71 

7/20/71 

l> 
I 

N 1/20/71 

7/27/71 

7/27/71 

7/28/71 

7/29/71 

8/71 

Company, Consultant 
or Agency 

EPA 

American Feed Manu­
facturers Associa­
tion 

Central Soya 

Ca rg 111 Inc. 

Continental Grain 
Co. 

Bunge Co. 

FAR-MAR-CO 

Kansas Grain and 
Feed Dealers 
Association 

Farmland Ibdustries, 
Inc. 

Dr. A.T. Rossano, 
Univ. of Washington 

APPENDIX A 

EVOLUTION OF THE PROPOSED STANDARDS 

Location 

Durham, N.C. 

Chicago, Ill. 

Chicago, Ill. 

. Chicago, Ill. 

Chicago, Ill. 

Hutchinson, Kansas 

Hutchinson, Kansas 

Hutchinson, Kansas 

Kansas City, Mo. 

Seattle, Wash. 

Nature of Action 

Initiation of engineering and cost study of the 
Grain and Feed Industry, contracted to Midwest 
Research Institute. 

EPA met with AFMA to discuss the purpose and goals 
of the engineering and cost study and solicit mutual 
cooperation. 

Inspect·ion to locate well controlled grain handling 
operatil)nS. 

Inspection to locate well controlled grain handling 
operations. 

Inspection to locate well controlled grain handling 
operations. 

Inspection to locate well controlled grain handling 
operati!Jns. 

Inspection to locate well controlled grain handling 
operati ·:ms. 

Inspection to locate well controlled grain handling 
operati ::ms. 

Inspection to locate well controlled grain handling 
operations. 

ERA met with Dr. Rossano to discuss recent air 
pollution investigations at a new port tenninal 
elevator in Seattle. 



> 
I 
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Date 

8/71 

8/71 

8/71 

8/71 

8/71 

9/71 

9/71 

9/71 

9/71 

9/71 

Company, Consultant 
or Agency 

Puget Sound Air 
Pollution Control 
Agency 

Marshall-Barr-Pacquer, 
Industrial Consulting 
Engineers 

Mel Jarvis Construction 
Co., Inc. 

Borton, Inc. 

Kice Metal Products 
Co. 

National Grain and 
Feed Association 

Hart-Carter Co. 

Cargill, Inc. 

Aerodyne Develop­
ment Corp. 

Aeroglide Corp. 

APPENDIX A {continued) 

EVOLUTION OF THE PROPOSED STANDARDS 

Location 

Seattle, Wash. 

Seattle, Wash. 

Salina, Kansas 

Hutchinson, Kansas 

Wichita, Kansas 

Washington, D.C. 

Minneapolis, Minn. 

Minneapolis, Minn. 

Cleveland, Ohio 

Raleigh, N.C. 

Nature of Action 

EPA met with PSAPCA to discuss emission standards 
for grain elevators and emission test data. 

EPA.met with representatives of Marshall-Barr­
Pacquer to discuss the design features of new grain 
elevators. 

EPA met with representatives of Mel Jarvis 
Construction Co., Inc. to discuss the design 
features of new grain elevators. 

EPA met with representatives of Borton, Inc. to 
discuss the design features of new grain elevators. 

EPA met with representatives of Kice Metal Products 
Co. to discuss the design features of new grain 
elevators. 

EPA met with the Chairman of the Environmental 
Quality Committee of NGFA to discuss financial 
data required for the economic analysis. 

EPA met with representatives of Hart-Carter to 
discuss control of grain dryers and other grain 
operations. 

EPA met with representatives of Cargill to discuss 
design of control systems for Cargill elevators. 

EPA met with representatives of Aerodyne to discuss 
design of control systems for new elevators. 

EPA met with representatives of Aeroglide to discuss 
grain dryer operation, costs and control techniques. 



Date 

9/71 

9/16/71 

10/12/71 

10/21/71 

10/71 

12/9/71 

3/16/72 

3/17/72 

3/72 

4/12/72 

4/12/72 

4/13/72 

Company. Consultant 
or Agencx 

Illinois Environmental 
Protection Agency 

Cargi 11, Inc. 

Wyandotte Elevator 

Pillsbury Co. 

Pillsbury Co. 

Koppel Terminal 
Elevator 

The Andersons 

Gold Proof Elevator 

Cargill, Inc. 

Cont·i nenta 1 Grain 
Co. 

Mississippi River 
Elevator Co. 

Bayside Elevator 
Co. 

APPENDIX A (continued) 

EVOLUTION OF THE PROPOSED STANDARD~; 

Location 

Springfield, Ill. 

Tuscola, Ill. 

Kansas City, Kansas 

Flore nee, Ill • 

Wayne City, Ill. 

Long Beach, Ca. 

Marimee, Ohio 

Louisv1ll e, Ky. 

Tuscola, Ill. 

Westwego, La. 

Myrtle Grove, La. 

Reserve, La. 

Nature of Action 

EPA met with representatives of the Illinois EPA 
to discuss emission standards for grain elevators. 
and complaints that have been received on grain 
process1~s. 

Inspect·ion of air pollution control systems at an 
inland terminal elevator. 

Inspect·ion of air pollution control systems at an 
inland terminal elevator. 

Inspect·ion of a river terminal elevator. 

Inspection of a country elevator. 

Inspection of air pollution control systems at a 
port termina1 elevator. 

Inspection to locate·well controlled grain handling 
operations. 

Inspection of a controlled grain dryer. 

Particulate matter emission tests of truck unloading 
and grain handling facilities. 

Inspection of a controlled barge unloading facility. 

Inspection to locate a well controlled port terminal 
elevator. 

Inspection to locate a well controlled port terminal 
elevator. 



Company, Consultant 
Date or Agencl 

5/16/72 San Francisco Grain 
Terminal Co. 

5/18/72 Dreyfus Elevator Co. 

5/19/72 Ca rg i 11 , Inc . 

5/30/72 Farmers Marketing 
Association 

5/31/72 Cargill, Inc. 

)> 
I 

6/l/72 ... Ado 1 ph Coors Co. (.1'1 

7/72 Kansas City Terminal 
Elevator 

8/9,10/72 Cargill, Inc. 

9/7/72 Quaker Oats Co. 

10/17-19/72 Continental Grain 
Co. 

11/28-30/72 Cargill , Inc. 

12/7/72 Seaboard A 11 ied 
Mi 11 ing Co. 

APPENDIX A {continued} 

EVOLUTION OF THE PROPOSED STANDARDS 

Location Nature of Action 

San Francisco, Ca. Inspection to locate well controlled grain handling 
operations. 

Portland, Oregon Inspection to locate well controlled grain handling 
operations. 

Seattle, Wash. Inspection to locate well controlled grain handling 
operations. 

Denver, Colorado Inspection to locate well controlled grain handling 
operations. 

Denver, Colorado Inspection to locate well controlled grain handling 
operations. 

Golden. Colorado Inspection of grain storage facilities to locate 
well controlled grain handling operations. 

Kansas City, Mo. Inspection to locate well controlled grain handling 
operations. 

Fayetteville, N.C. Particulate matter emission testing of truck unloadi 
facility. 

Chattanooga, Tenn. Inspection of a controlled grain dryer. 

Westwego, La. Particulate matter emission testing of a barge 
unloading facility. 

Denver, Colorado Particulate matter emission testing of a grain dryer 

Culpepper. Va. Inspection of a flour mill to locate well controlled 
grain handling and cleaning operations. 



Company, Consultant 
Date or Agenc.l 

l/10/73 San Francisco.Grain 
Tenninal 

3/12/73 Pillsbury Co. 

3/15/73 Pillsbury Co. 

3/15/73 Farmers Terminal 
Elevator 

3/15/73 Ferruzzi and Co. 
> 
I 

01 

3/lS/73 Continental Grain 
to. 

3/15/73 Farmers Elevator Co. 

3/15/73 Cargill, Inc. 

3/15/73 Continental Grain 
Co. 

3/15/73 Illinois Grain Co. 

3/28/73 Bunge Elevator 

APPENDIX A (continued) 

EVOLUTION OF THE PROPOSED STANDARD~) 

locatf on Nature of Action 

San Francisco, Ca. Particu·late matter emission testing of grain 
handlin·~ operations. 

Wayne City, Ill. Inspection of a controlled railroad hopper car 
loading facility. 

Florence, Ill • Inspection of controlled barge loading facility. 

Beardstown, Ill. Inspection to locate well controlled grain handling 
operations. 

Beardstown, Ill. Inspection to locate well controlled grain handling 
operations. 

Beards town • Ill. Inspection to locate well controlled grain handling 
operations. 

Bluff Springs. Ill. Inspection to locate well controlled grain handling 
operatf ons. 

Havana, Ill. Inspection to locate well controlled grain handling 
operations. 

Havana, Ill. Inspection to locate well controlled grain handling 
operations. 

Havana, Ill. Inspection to locate well controlled grain handling 
operations. 

Destrehan, La. Inspection to locate well controlled grain handling 
operations. 



)::o 

• . ....... 

Date 

3/28/73 

3/28/73 

3/29/73 

4/2-5/73 

4/23~27/73 

6/4/73 

7/24~25/73 

10/2-6/73 

10/16-19/73 

10/29-31/73 

11/13-16/73 

l/24/74 

Companyt Consultant 
or Agency 

St. Charles Grain 
Elevator 

.. 
Cargill, Inc. 

Mississippi ·River 
Elevator 

Quaker Oats Co. 

Seaboard.Allied 
Milling Co. 

Cargill, Inc . 

Grain and Feed 
Industry Advisory 
Conmittee 

Ca rgi 11 , Inc. 

Kansas City Terminal 
Elevator 

Bunge Corp. 

Quaker Oats Co. 

Bunge Corp. 

APPENDIX A (continued) 

EVOLUTION OF THE PROPOSED STANDARDS 

Location 

Destrehan, La. 

Baton Rouge, La. 

Myrtle Grove, La. 

Chattanooga, Tenn. 

Culpepper, Va. 

Seattle, Wash. 

Durham, N.C. 

Seattle, Wash. 

Kansas City, Mo. 

Destrehan, La. 

St. Joseph, Mo. 

West Memphis, Arkansas 

Nature of Action 

Inspection to locate well controlled grain handling 
operations. 

Inspection to locate well controlled grain handling 
operations • 

Inspection to locate well controlled grain handling 
operations. 

Particulate matter emission testing of a grain drye1 

Particulate matter emission testing of a grain 
cleaning operation. 

Inspection to locate well controlled grain handling 
operations. 

EPA met with GFIAC to review the final report pre­
pared by MRI on the grain industry. 

Particulate matter emission testing of railroad 
boxcar unloading and ship loading facilities. 

Particulate matter emission testing of railroad 
hopper car loading facilities. 

Particulate matter emission testing of barge 
unloading equipment. 

Particulate matter emission testing of grafnrdryer. 

Sent 114 letter requesting air pollution control 
cost information. 
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Date 

l/24/74 

2/26/74 

3/74 

4/18/74 

4/22/74 

11/74 

12/2/74 

12/3/74 

1/75 

Company, Consultant 
or Agency 

Quaker Oats Co. 

Dept. of the Environ­
ment 

National Grain and 
Feed Association 

Jarvis Construction 
Co. 

Borton Inc. 

EPA 

Cargill, Inc. 

Bunge Corp. 

EPA 

APPENDIX A (continued) 

EVOLUTION OF THE PROPOSED STANDARDS 

Location 

Chicago, 111. 

Ottawa, Ontario, 
Canada 

Washington, D.C. 

Salina. Kansas 

Hutchinson, Kansas 

Research Triangle 
Park, N.C. 

Minneapolis, Minn. 

West Memphis, Arkansas 

Research Triangle 
Park, N.C. 

Nature of Action 

Sent 114· letter requesting air pollution control 
cost information. 

Received letter requesting information on emission 
standards, emission factors and control techniques. 

Sent copies of Emissions Control in the Grain and 
Feed IndustrS, Volume I - Engineering and Cost Study 
to be d"i s tri uted to the indus try. 

Telephone·conversation regarding the number of grain 
elevatoJ~s under construction, their capacity, and the 
air pol'lution control equipment being installed. 

Telephone conversation regarding the number of grain 
elevators under construction, their capacity, and the 
air pollution control equipment being installed. 

Memorandum from L. Budney, Source-Receptor Analysis 
Branch, to S.T. Cuffe, Chief, Industrial Studies 
Branch, "Methodolqgy for Estimating the Impact of 
Grain Elevator Emissions on Air Quality." 

Telephone conversation to determine the amount of 
grain dust sold, disposed of and returned to the grai 

Telephone conversation to determine the value of 
grain dust. 

Memorandum from K. Woodard to J. Berry, Industrial 
Studies Branch, on telephone calls to determine 
solid waste disposal and energy requirements at 
grain e~levators. 



1/21/75 

2/19/75 

3/2/75 

3/7/75 

> 3/13/75 I 
. 1.0 

3/13/75 

3/17/75 

4/24/75 

5/15/75 

7/28/75 

8/27/75 

Company, Consultant 
or Agenc,x 

EPA 

EPA 

Cargi 11, Inc. 

H.c.-wiedenmann 
and Son, Inc. 

H.C. Wiedenmann 
and Son, Inc. 

Supreme Rice Mills 

CEA-Carter-Day Co. 

Corn Refiners 
Association 

Aeroglide Corp. 

National Grain and 
Feed Association 

National Council of 
Farmer Cooperatives 

APPENDIX A (continued) 

EVOLUTION OF THE PROPOSED STANDARDS 

Location 

Durham, N.C. 

Atlanta, Ga. 

Minneapolis, Minn. 

Kansas City, Mo. 

Kansas City, Mo. 

Crowley, La. 

Minneapolis, Minn. 

Research Triangle 
Park, N.C. 

Durham, N.C. 

Durham, N.C. 

Denver, Colorado 

Nature of Action 

EPA Working Group reviewed the recommended 
standards. 

Review of the recommended standards by the National 
Air Pollution Control Techniques Advisory Committee 
(NAPCTAC). 

Telephone conversation from F.l. Bunyard, EPA, to 
D. Enge, Cargill, regarding costs. 

Letter from F.L. Bunyard, EPA, to R. Noland, 
Wiedenmann, regarding costs. 

Letter from R. Noland, Wiedenmann, to F.L. Bunyard, 
EPA, regarding costs. 

Inspection of rice mill to compare with grain 
handling operation. 

Letter from L. Funk, Carter-Day, to F.L. Bunyard, 
EPA, regarding costs. 

EPA met with CFA to discuss the recommended standar< 
and control techniques required. 

EPA met with representatives of Aerog11de to discus: 
the recommended standards for grain dryers. 

EPA met with NGFA to discuss the recommended 
standards. 

EPA met with NCFC to discuss the recommended 
standards. 



Date 

9/22-2~/75 

9/24/75 

9/29/75 

9/30/75 
):> 
I -0 10/14/75 

10/15/75 

10/15/75 

10/15/75 

10/15/75 

10/16/75 

Company, Consultant 
or Agency 

Cargf 11 , Inc. 

Continental Grain 
Co. 

Ca~g111, Inc. 

Pillsbury Co. 

Minier Co-Op. 
Grain Co. 

Tremont Co-Op. 
Grain Co. 

San Jose Co-Op. 
Grain Co. 

Farmers Grain 
and Coal Co. 

Illinois Grain 
Corp. 

Roanoke Farmers 
Assocation 

APPENDIX A (continued) 

EVOLUTION OF THE PROPOSED STANDARDS 

Location 

Seattle, Wash. 

Tacoma, Wash. 

Tuscola, Ill. 

Wayne City, Ill. 

Minier, Ill. 

Tremont~ Ill. 

San Jose. Ill • 

Mason City, Ill. 

Havana, Ill. 

Roanoke, 111. . 

Nature of Action 

Inspection of port terminal elevator to take 
visible emission/opacity observations of ship 
loading, truck unloading, boxcar unloading, and 
grain handling facilities. 

Inspection of ship loading facilities at a port 
terminal elevator. 

Inspection to take visible emission/opacity obser­
vations of truck unloading facility and the fabric 
ffl ter c1n the facf 1 i ty. 

Inspection to take visible emission/opacity obser­
vations of a hopper car loading facility. 

Inspection of a column dryer at a country elevator. 

Inspection of a column dryer to take visible emission 
opacity observations. 

Inspect'ion of a column dryer at a country elevator. 

Inspect·ion of a column dryer to take visible emission. 
opacity observations. 

Inspect·ion of a column dryer at a river port tenni nal 
elevatOI". 

Inspect·ion of two column dryers and one rack dryer 
to take visible emission/opacity observations. 



):oo 
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Date 

ll/21/75 

12/4/75 

2/3/76 

2/4/76 

2/24/76 

3/76 

3/76 

4/5/76 

4/5/76 

Company~ Consultant 
or Agenc,y, 

Cargill, Inc. 

Aeroglide Corp. 

Swift Edible Oil 
Co. 

Cargill, Inc~ 

Cargi_ll, Inc. 

Winamac Construction 
Co. 

Ruttman Companies 

Todd and Sargent 
Construction Co. 

Jarvis Construction 
Co. 

.. 

APPENDIX A (continued) 

EVOLUTION OF THE PROPOSED STANDARDS 

Location 

Fayetteville, N.C. 

Durham, N.C. 

Des Moines. Iowa 

Minneapolis, Minn. 

Denver, Colorado 

Winamac, Indiana 

Upper Sandusky, Ohio 

Ames, Iowa 

Salina, Kansas 

Nature of Action 

Inspection of a processing plant to take visible 
emission/opacity observations of a fabric filter 
on a truck unloading facility. 

EPA met with representatives of Aeroglide to 
discuss the recommended standards for grain dryers. 

Inspection of soybean processing plant to take 
visible emfssion/opacity observations of a soybean 
meal truck loading operation. 

Inspection of a terminal elevator to take visible 
emission/opacity observations of a boxcar loading 
facility. 

Inspection of an inland terminal elevator to take 
visible emission/opacity observations of a hopper 
car loading facility. 

Telephone conversation concerning costs between 
F.l. Bunyard, EPA, and P. Kruzick, Winamac Construct 
Co. 

Telephone conversation concerning costs between 
F.L. Bunyard, EPA, and L. Allen, Ruttman Ind. 

Telephone conversation concerning lower size cutoff 
for standards between N. Swanson, EPA, and Warren 
Sargent, Todd and Sargent. 

Telephone conversation concerning lower size cutoff 
for standards between N. Swanson, EPA, and D. Otis, 
Jarvis Construction Co. 



Date 

4/30/76 

6/25/76 

7/15/76 

8/13/76 

8/25/76 
;:,::.. 

I __, 
N 

9/1/76 

10/26/76 

11/3/76 

11/18/76 

.. . 

Company. Consultant 
or Agenc,>=: 

EPA 

EPA 

EPA 

National Grain and 
Feed Association 

Cargi 11, Inc. 

Dept. of Agriculture 

Dept. of Agriculture 
and Office of Manage­
ment and Budget 

EPA 

EPA 

APPENDIX A (continued) 

EVOLUTION OF THE PROPOSED STANDARDS 

Location 

Durham, N.C. 

Washington, D.C. 

Washington, D.C. 

Durham, N.C. 

Fayetteville, N.C. 

Washington, D.C. 

Washington, D.C. 

Washington, D.C. 

Washington, D.C. 

Nature of Action 

EPA Working Group reviewed the recommended standards. 

The EPA Steering Committee reviewed the recommended 
standards. 

The recommended standards package started external 
review by Federal agencies and departments. 

EPA met with NGFA to discuss their comments on the 
recommended standards. 

Inspect·ion of soybean processing plant to take 
visible emission/opacity observations of a rack 
dryer equipped with a 50 mesh screen filter and 
a colum11 dryer. 

EPA met with the Dept. of Agriculture to discuss 
their comments on the recommended standards. 

EPA met with the Dept. of Agriculture and OMB to 
discuss comments on the recommended standards. 

The recommended standards package completed external 
review by Federal agencies and departments. 

The package was forwarded to Washington for final 
EPA concurrence . 
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This index consists of a reference system, cross-indexed 

with the Octooer 21, 1974, FEDERAL REGISTER {39 FR 37419) con­

taining the Agency guidelines concerning the preparation of. 

Environmental Impact Statements. This index can be used to 

identify sections of the document which cQntain data and 

information germane to any portion of these FEDERAL REGISTER 

guidelines. 
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CROSS INDEXED REFERENCE SYSTEM TO HIGHLIGHT 
ENVIRONMENTAL IMPACT PORTIONS OF THE DOCUMENT 

i' 

Aqency Guideline for Preparing Regulatory Action 
Environmental Impact Statements (39 FR·37419) 

Location Within the Standards Support 
and Environmental Impact Statement 

1. Background and description of the proposed action. 

co 
I 

w 

-Describe the recommended or proposed action and 
its purpose. 

-The ·relationship to other actions and proposals 
significantly affected by the proposed action 
shall be discussed, including not only other 

. Agency activities but also those of other 
governmental and private organizations. 

2. Alternatives to the proposed action. 

-Describe and objectively weigh reasonable 
alternatives to the proposed action. to. the 
extent such alternatives are permitted by the 
law ... For use as a reference point to which 
other actions can be compared, the analysis 
of alternatives should include the alternative 
of taking no action, or of postponing action. 
In addition, the analysis should include 
alternatives having different environmental 
impacts, including proposing standards, criteria, 
procedures, or actions of varying degress of 
stringency. When appropriate, actions with 
similar environmental impacts but based on 
different technical approaches should be 
discussed. This analysis shall evaluate 
alternatives in such a manner that reviewers 
can judge their relative desirability. 

The proposed standards are summarized in Chapter 1, 
section 1.1. The statutory basis for the proposed 
s.tandards (Section 111 of the Clean Air Act, as amended) 
is dis~ussed in the Introduction. The purpose of the 
proposed standards is discussed in Chapter 8, Sections 8.1 
and 8.2. 

To the knowledge of EPA, there are no other actions or 
proposals at this time which will be significantly 
affected by this proposed standard. 

The alternative control systems, .based upon the best 
combinations of control techniques, are presented in 
Chaoter 4, Section 4.5. A discussion of the alternative 
of taking no action and that of postponing the proposed 
action is presented in Chapter 7, Sections 7.6.2 and 
7.6.3 and in Chapter 1, Section 1.2. The alternative 
systems are discussed throughout the doc'ument in the 
evaluation of the environmental ·and economic impacts 
associated with the proposed standards. 

The selection of the best system of emiss.ion reduction, 
considering costs, is presented in Chapter 8, Section 8.3. 

The a1ternative formats of the proposed standards and the 
rationale for the selection of the proposed formats are 
discussed in Chapter 8, Section 8.4. Also discussed 1n 
s~ction 8.4 are the emission limits for particulate 
matter and the rationale. ·for th~ir selection. 



CROSS INDEXED REFERENCE SYSTEM TO HIGHLIGHT 
ENVIRONMENTAL IMPACT PORTWNS OF THE DOCU~IENT 

i· 

Agency Guideline for Preparing Requlatory Action 
Environmental Impact Statements {39 FR 37419) 

-The analysis should be sufficiently detailed to 
reveal the Agency's comparative evaluation of 
the beneficial and adverse environmental, health, 
social, and economic effects of the proposed 
action and each reasonable alternative. 

-Where the authorizing legislation limits the 
Agency from taking certain factors into account 
in its decision making. the comparative evalua­
tion should discuss all relevant factors, but 
clearly identify those factors which the 
authorizing legislation requires to be the 
basis of the decision making. 

-In addition, the reasons why the proposed· 
action is believed by the Agency to be the 
best. course of action shall be explained. 

Location Within the Standards Support 
and En,ri ronmenta 1 Impact Statement 

A summary of the environmental and economic impacts 
associated with the proposed standards is presented 
in Chapter 1, Section 1.2. 

A detailed discussion of the environmental effects of 
each of the alternative control systems can be found 
in Chapter 7. This chapter includes discussion of 
the beneficial and adverse impacts on air, water. solid 
waste, energy, noiset radiation and other environmental 
cons i derati or s. 

A detailed ar1alysis of the costs and economic impacts 
associated with the proposed standards can be found in 
Chanter 6. 

The factors which the authorizing legislation requires 
to be the basis of the decision making are discussed 
in the Introduction. 

The rationale for the selection o1: particulate matter· 
emissions fr1lm grain elevators for control under the 
proposed standards is discussed in Chapter 8, Section 8. 1. 
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CROSS INDEXED REFERENCE SYSTEM TO HIGHLIGHT 
ENVIRONMENTAL IMPACT PORTIONS OF THE DOCUMENT 

Aqency Guideline for Preparing Regulatory Action 
Environmental Impact Statements (39 FR 37419) 

3. Environmental impact of the proposed action. 

A. Primary impact 

Primary impacts are those that can be 
attributed directly to the action, such as 
reduced levels ~f specific pollutants 
brought about by a new standard and the 
physical changes that occur in the various 
media.with this reduction. 

B. Secondary impact 

Secondary impacts are indirect or induced 
impacts. For example, mandatory reduction 
of specific pollutants brought about by 
a .new standard could result in the adoption 
of control technology that exacerbates another 
·pollution ·problem and would be a ·secondary 
impact. 

4. Other considerations. 

A. Adverse impacts which cannot be avoided 
should the proposal be implemented. Describe 
the kinds and magnitudes of adverse impacts 
which cannot be reduced in severity to an 
acceptable level or which can be reduced to 
an acceptable level but not eliminated. These 
may include air or water pollution, damage 
to ecological systems, reduction in economic 
activities, threats to health, or undesirable 
land use patterns. Remedial, protective, and 
mitigative measures which will be taken as 
part of the proposed action shall be identified. 

r 

Location Within the Standards Support 
and Environmental Impact Statement 

The primary impacts on mass particulate emissions and 
ambient air quality due to the alternative control 
sys terns are discussed in Chapter 7, Section 7. 1. Primary 
impacts are summarized in Table 1-2, Matrix of Environ­
mental and Economic Impacts of the Alternative Systems, 
Chapter 1, Section 1.2. 

The secondary environmental imoacts attributable to the 
alternative control systems are discussed in Chapter 7. 
These impacts are summarized in Table 7-1, Adverse 
Secondary Environmental Impacts of Individual Control 
Techniques Over SIP Requirements, Chapter 7~, Introduction 

A summary of the potential adverse environmental and 
economic impacts associated with the proposed standards 
and the alternatives that were considered are discussed 
in Chapter 7 and in Chapter 1, Section 1.2. 



CROSS INDEXED REFERENCE SYSTEM TO HIGHLIGHT 
ENVIRONMENTAL IMPACT PORTIONS OF THE OOCUt1ENT 

i 

A~ency Guideline for Preparin~ Re9ulatory Action 
Environmental Impact Statements (39 FR 37419) 

B. Relationship between local short-term uses 
of man's environment and the maintenance 
and enhancement of long-term productivity. 
Describe the extent to which the proposed 
action involves trade-offs between short­
term environmental gains at the expense of 
long-term losses. or vice versa and~ the extent 
to which the proposed action·forecloses 
future options. Special attention shall be 
given to effects which pose long-term risks 
to health or safety. In addition, the 
timing of the proposed action shall be 
explained and justified. 

C. Irreversible and irretrievable commitments 
of resources Which would be involved in 
the proposed action should it be implemented. 
Describe the extent to which the orooosed 
action curtails the diversity and· range of 
beneficial uses of the environment. For 
example, irreversible damage can result if 
a standard is not sufficiently stringent. 

Location Within the Standa·rds Support 
and En 1ti ron menta 1 Impact Statement 

The discussion of the use of man's environment is included 
in Chapter 7, Section 7.6. 1. A discussion of the effects 
of particulate matter from grain elevators is included in 
Chapter 8; Section 8.1. 

Irreversible and irretrievable commitments of resources 
are discussed i-n Chapter 7 ~ Section 7.6. 1. 
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EMISSION SOURCE TEST DATA SUMMARY 

INTRODUCTION 

This section presents the summaries of the particulate source 

tests cited in Chapter 5. In addition, each facility tested for 

mass particulate data and for visible emission data is described. 

The facilities are identified by the same coding that is used in 

Chapter 5. All of the visible emission/opacity data and the 

mass particulate source test data from grain dryers are presented in 

summarized form in Chapter 5. 

EPA Reference Method 5, promulgated in th~Federal Register 

on December 23, 1971 {36 FR 24877), was used to gather the data 

to support the proposed particulate standards. Method 5 was not 

used exactly as prescribed in the Federal Register. The electrical 

heating systems for the probe and filter holder were not used 

because the gas streams sampled were of low temperature and moisture 

content and grain dust (particulate matter) presents a possible 

exptQsion hazard. 

DESCRIPTION OF FACILITIES AND SUMMARY OF RESULTS 

A. Facility A is a true~ unloading station at an inland 

terminal elevator with a shed with one open end and a deep 

receiving hopper. It has two lanes, side by side~ so that two 

trucks can be unloaded at the same time. Both receiving 

hoppers are ventilated to a fabric filter. During the particu­

late tests of the fabric filter, corn was the only grain unloaded. 

The process was operating normally. A rectangular extension was 
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added to the fan exhaust and three particulate samples were 

collected. 

Corn and soybeans were being unloaded during the visible 

emission/opacity tests which were conducted at a later date 

than when the particulate tests of the fabric filter were run. 

Both fugitive particulate emissions and emissions from the fabric 

filter were observed. A summary of the visible emission data 

can be found in Chapter 5. 

B. Facility B is a truck unloading station at a soybean 

processing plant with a shed with two open ends. The receiving 

hopper is undersized so there is some choke-feed effect. The 

receiving hopper is ventilated to a fabric filter located 

beside the unloading shed. Only soybeans are unloaded at this 

facility. Normal unloading operations were maintained. Three 

particulate samples were collected. 

Visible emission/opacity observations were made at the 

fabric filter exhaust at a later date than when the particulate 

tests were run. A summary of the visible emission data obtained 

is included in Chapter 5. 

C. Facility C is a railroad boxcar unloading station at 

a port terminal elevator. It is a two-laned facility enclosed 

by a shed with quick-closing doors at each end. The receiving 

hopper is ventilated to a fabric filter. The doors at one 

end of the shed remained open during the particulate testing 

of the fabric filter. The process was operating normally during 
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the testing period and wheat was the only grain unloaded. Three 

particulate samples were collected at the inlet and outlet of 

the fabric filter. 

Fugitive visible emission/opacity observations were con-

ducted at a later date than the particulate testing at this facility. 

Both doors on the ends of the shed were kept closed, during the 

unloading operation, throughout the observation period. Chapter 5 

includes a summary of the visible emission data obtained at this 

facility. 

D. Facility D is barge unloading equipment at a port 

terminal elevator. The leg, receiving hopper, and conveyor 

belt transfer points are partially enclosed and are ventilated 

to a fabric filter. Three particulate samples were collected 

at the outlet of the fabric filter. Wheat was unloaded during 

the first particulate test and corn was unloaded during the 

last two tests. The leg was operating at full capacity throughout 

the testing period. 

Fugitive visible emission/opacity observations were taken 

concurrently with the particulate tests. The opacity reader was 

not qualified to read opacity at this time. The visible emission 

data obtained at this facility are summarized in Chapter 5. 

E. Facility E is barge unloading equipment at a port terminal 

elevator. The leg and receiving hopper are fully enclosed and the 

conveyor transfer points are hooded. These grain handling equipment 
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are ventilated to a fabric filter. The leg operated at full 

capacity throughout the tests as barges of soybeans and corn 

were unloaded. Three particulate samples were collected at the 

filter inlet and outlet. 

Fugitive visible emission/opacity observations were taken 

concurrently with the particulate tests. The opacity reader 

was not qualified to read opacity at this time. The observer 

was also forced to face into the sun because of the location 

of the rtver. The visible emission data obtained are summarized 

in Chapter 5. 

F. Facility F consists of three conveyor belts under the 

storage bins at a port terminal elevator. The conveyor belts are 

hooded along their entire lengths. The conveyor system is 

ventilated to a fabric filter from several points along the hooding 

system and from where the grain transfers to the elevator legs. 

The process was operating normally with one conveyor belt carrying 

grain during the particulate tests. Five particulate.samples 

were collected at the fabric filter outlet. Milo was handled 

during the first four tests and wheat was handled during the 

fifth test. The results of the fourth test are exceptionally 

high due to the apparent contamination of the milo tested. 

G. Facility G is a conveyor belt system transferring grain 

from truck receiving hoppers to an elevator leg. The conveyor 

system is ventilated to a fabric filter from the points where 

the grain drops from the hoppers onto the belt and where the 

grain discharges into the leg. The conveyor belt has no hooding 
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system. Corn was handled during the tests and the process 

operated normally. Three particulate samples were collected 

at the fabric filter outlet. 

H. Facility His a wheat cleaning system at a flour mill. 

Several pieces of cleaning equipment used to separate chaff, dirt, 

weed seeds, foreign grains and unsound kernels from the wheat 

are ventilated to a fabric filter. The cleaning system operated 

at capacity during the particulate emission tests. Three 

particulate samples were collected at the fabric filter outlet. 

I. Facility I is a corn cleaner at an inland terminal 

elevator. The cleaner is ventilated to a fabric filter from the 

points where the corn enters and leaves the cleaner. Only one 

particulate sample could be collected since the cleaner is operated 

infrequently. The cleaner was operated at maximum capacity 

during the particulate emission test. 

J. Facility J is a ship loading station at a port terminal 

elevator. Telescoping loading spouts were maintained within 

six inches of the grain surface and the ends of the spouts are 

ventilated to a fabric filter. The process operated normally 

and wheat was being loaded. Three particulate samples were 

collected at the fabric filter outlet. 

Fugitive visible emission/opacity observations were taken 

at a later date than when the particulate emission tests were run. 

Two ships were observed while wheat was being loaded. Start-up 

loading. general loading and "topping-off" operations were observed. 

A summary of the visible emission data from this facility is included 

in Chapter 5. 
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K. Facility K is a railroad boxcar and hopper car loading 

station at an inland terminal elevator. The loading area is 

enclosed in a shed with two open ends. A stationary hood is 

located beside the railroad track and surrounds the loading 

spout for boxcars. A long rectangular hood is located above 

the center of the'hopper cars to collect particulate matter 

from the hopper car loading operation. These hooding systems 

are then ventilated to a fabric filter. Three particulate 

samples wer.e collected from the fabric filter outlet. Wheat, 

corn. milo and soybeans were loaded during the tests. The 

loading operation proceeded normally. 

L. Facility L is a rack grain dryer controlled by a 

screen filter with 150 micron diameter openings. Corn was 

being dried and the process was operating normally. Chapter 5, 

Section 5.2 discusses the results of this particulate emission test. 

M. Facility M is a column grain dryer controlled by a 

screen filter with 300 micron diameter opening~. Corn was being 

dried and the process was operating normally. Chapter 5, Section 5.2 

discusses the results of this particulate emission test. 

N. Facility N is a truck unloading station at a port 

terminal elevator. The receiving hopper is ventilated to a 

fabric filter and is enclosed in a shed with one open end. 

The opposite end is equipped with quick-closing doors which are 

kept closed during the unloading operation. Unloading of wheat 

proceeded normally during the fugitive visible emission/opacity 
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observation period. These data are summarized in Chapter 5. 

0. Facility 0 is a headhouse and exterior conveyor system 

(grain handling operations} located at a port terminal elevator. 

Wheat was being unloaded, transferred and cleaned within the 

headhouse during the fugitive visible emission/opacity observation 

period. The individual peices of handling equipment were generally 

controlled by hooding systems ventilated to fabric filters. 

The cleaner, however, was an enclosed unit with no ventilation. 

A summary of the fugitive visible emission data for this facility 

is included in Chapter 5. 

P. Facility P is a soybean meal truck loading station at 

a soybean processing plant. The truck loading station included 

a shed with one open end. Trucks backed into the shed and were 

then loaded with soybean meal through·a loading spout equipped 

with a canvas sleeve. There was a vertical free-fall distance 

of about ten to twelve feet from the spout to the empty truck 

bed. The shed was ventilated by an ~ight-inch duct to a fabric 

filter. A summary of the fugitive visible emission data for 
' 

this facility is included in Chapter 5. 

Q. Facility Q is a railroad boxcar loading station at an 

inland terminal elevator. The boxcar loading shed has two 

open ends and is long enough to accommodate two railcars on each 

of the two tracks inside the shed. The boxcar loading system is 

on one side of the shed. The loading spout is forked and curved 
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to distribute the grain into the front and back of the boxcar. 

A small building-like structure encloses the loading spout and 

extends to within sfx inches of the side of the boxcar. The 

sides of this enclosure have hinged doors equipped with rubber 

flaps to seal the sides to the boxcar. The enclosure is ventilated 

to a fabric filter. Barley was being loaded during the fugitive 

visible emission observation period. The data collected are 

summarized in Chapter 5. 

R. Facility R is a radlrOad hopper car loading station at an 

inland terminal elevator. It includes a shed with two open ends and a 

special loading spout and hooding system located above the hopper 

openings of the railcar. This hooding system can be raised or 

lowered and is ventilated to a fabric filter. The shed has 

two tracks running' through it. The fugitive visible emission 

data collected are summarized in Chapter 5. 

S. Facility S is a 2500 bushel/hr cylindrically shaped 

column _grain dryer located at a country elevator. The perforation 

plate hole diameters are a series of sizes from top to bottom; 

.078 inch, .0025 inch and .056 inch. Normal drying of corn was 

maintained during the visible emission observation period. The 

visible emission data obtained at this facility are summarized 

in Chapter 5. 

T. Facility T is a 3500 bushel/hr cylindrically shaped 

column grain dryer at a country elevator. The perforation plate 

hole dianeters are of two different sizes. The top half has hole 
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diameters of .0625 inch and the lower half has hole diameters of .050 

inch. Corn was being dried and normal operation was maintained during 

the observation period. A summary of the visible emission data is 

included in Chapter 5. 

U. Facility U is a column grain dryer rated at 4000 bushe1s/hr 

located at a country elevator. It is rectangular in shape and exhausts 

through one side of the structure. The perforation plate hole diameters 

are .084 inch and are the same size over the height of the columns. This 

unit has four grain columns within the structure. Normal operation 

Wn~ mAintAined while corn was being dried. The visible emission data 

from this facility are summarized in Chapter 5. 

V. Facility V is a 1000 bushel/hr column grain dryer located at 

a country elevator. It is rectangular in design and has perforation 

plate hole diameters of .084 inch. There are three grain columns in 

this dryer. Corn was being dried during the observation period and 

normal drying operation was maintained. A summary of the visible 

emission data from this dryer is included in Chapter 5. 

W. Facility W is a rack grain dryer located at a country elevator. 

Corn was being dried during the observation period. Normal operation was 

maintained .. This dryer was not equipped with any air pollution control 

devices. A summary of the visible emission data is included in Chapter 5. 

X. Facility X is a 2500 bushel/hr rack grain dryer located at a 

soybean processing plant. Soybeans were being dried during the observa­

tion period. Normal operation was maintained. This dryer was equipped 
• J 

w1th a 50 mesh vacuum-cleaned screen filter. A summary of the visible 

emission data is included in Chapter 5. 
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Y. Facility Y is a 2500 bushel/hr column grain dryer located at 

a soybean processing plant. It is rectangular in design and has perforation 

plate hole diameters of .08 inch. Soybeans were being dried during the 

observation period and normal drying operation was maintained. A summary 

of the visible emission data from this dryer is included in Chapter 5. 
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TABLE C-1 

FACILITY A(l) 

Summary of Particulate Emission Data for Fabric Filter 

Run Number 1 2 3 

Date 3/20/72 3/21/72 3/22/72 

T .... .,.+ T-imoo - Mi nllh!:>C::. 90 180 180 .,._,_ W • ••ow ·····----

Stack Effluent 

Flow rate - ACFM 13,486 13,436 13,512 

Flow rate - DSCFM 13,357 13,331 13,944 

Temperature - °F 66.1 ·55.6 40.0 

Water vapor - Vol. % • 1 .5 0.0 

Particulate Emissions 

Probe and filter catch 

gr/DSCF 0.00549 0.00187 0.00146 

gr/ACF 0.00535 0.00186 0.00150 

lb/hr · 0.628 0.213 0.167 

Total catch 

gr/OSCF 0.00552 0.00262 0.00216 

gr/ACF 0.00546 0.00260 0.00222 

lb/hr 0.628 0.293 0.251 

C-12 

Average 

13,478 

13,544 ' 

53.9 

0.2 

0.00294 

0.00290 

0.336 

0.00343' 

0.00343 

o. 391 

........... 
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!ABLE C-2 

FACILITY B{Z) 

Summary of Particulate Emission Data for Fabric Filter 

Run Number 1 2 3 

Date 8/8-9/72 8/9/72 8/10/72 

Test Time - Minutes 114 116 112 

Stack Effluent 

Flow rate - ACFM 11,743 10,845 10,117 

Flow rate - DSCFM 10,926 9,959 9s559 

Temperature - °F 83.1 95.6 71.8 

Water vapor - Vol. % 2.0 1.7 2.1 

Particulate Emissions 

Probe and filter catch 

gr/DSCF 0.0067 0.0097 0.0019 

gr/ACF 0.0062 0.0089 0.0018 

lb/hr 0.62 0.83 0.17 

Total catch 

gr/DSCF 0.0093 0.025 0.0035 

gr/ACF 0.0087 0.023 0.0033 

1b/hr 0.86 2.13 0.31 

C-13 

Average 

114 

10~902 

lOs 148 

83.5 

1.9 

0.0061 

0.0056 

0.54 

0.0126 

0.0117 

1. 1 



TABLE C-3 

FACILITY C{ 3) 

Summary of Particulate Emission Data for Fabric Filter 

Run Number 1 2 3 

Date 10/2/73 10/3/73 10/4/73 

T--.a.. T,:...,.A. U..;nu+A.r H:n 160 160 IC.;)l.- & IUI1;; - ltlll'W\.J''-'""' . "'"" 
Stack Effluent 

F1 ow rate - ACFM 18,927 19,222 19,462 

Flow rate - DSCFM 19,336 19,676 19,877 

Temperature - oF 60.9 60.6 59.2 

Water vapor- Vol. % 0.9 0.9 0.9 

Particulate Emissions 

Probe and filter catch 

gr/DSCF 0.00073 0.00052 0.00042 

gr/ACF 0.00075 0.00053 0.00043 

lb/hr 0.12 0.09 0.07 

Total catch 

gr/DSCF 0.00124 0 •. 00105 0.00058 

gr/ACF 0.00127 0.00108 0.00059 

lb/hr 0.21 0.18 0.10 

C-14 

Average 

160 

19,204 

19,629 

60.2 

0.9 

0.00056 

0.00057 

0.09 

0.00096 

0.00098 

0.16 
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TABLE C-4 

FACiliTY D(4} 
--

Surrmary of Particulate Emission Data For Fabric Fflter 

Run Number 1 2 

Date 10/17/72 10/18/72 

Test Time - Minutes 148 108 

Stack Effluent 

Flow rate - ACFM 21.704 21,416 

F1 ow rate - DSCFM 20,200 20,200 

Temperature - °F 80.0 75.0 

Water vapor- Vol.% 2.40 2.29 

Particulate Emissions 

Probe and filter catch 

gr/DSCF .0.00392 0.00277 

gr/ACF 0.00365 0.00261 

lb/hr 0.687 0.485 

Total catch 

gr/OSCF 0.00677 0.00449 

gr/ACF 0.00630 0.00423 

lb/hr l.l12 0.768 

'C-15 

3 Average 

10/18/72 

108 121 

20,495 21,205 

19,800 207067 

74.9 76.5 

2.34 2.34 

0.00932 0.00534 

0.00880 0.00502 

1.584 0.92 

0~0125 0.0079 

0.0118 0.0074 

2.12 1.35 



TABLE C-5 

FACILITY E (5) 

, 

Summary of Particulate Emission Data For Fabric Filter 

Run Number 1 2 3 

Date 10/30/73 10/30/73 10/31/73 

...,. __ ..,. T..:'~"~~'~~""' U..fn•a+nr , ?n 1?n 1?n IC.::tC. I tiiiC IIIIJIW\,fV._, ....... . .... ,_.,.. 

Stack Effluent 

Flow rate - ACFM 36,196 39,004 40,533 

Flow rate - DSCFM 36,160 37,752 38,751 

Temperature - °F 68.8 84.8 84.6 

Water vapor- Vol. % 0.8 0.5 1.1 

Particulate Emissions 

Probe and filter catch 

gr/DSCF 0.0212 0.0340 0.0219 

gr/ACF 0.0211 0.0329 0.0209 

lb/hr 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 

c .. 16 

Average 

120 

38,578 

37,554 

79.4 

0.8 

0.0257 

0.0250 

8.28 . 

0.0261 

0.0253 

8.40 



TABLE C-6 

FACILITY F(G) 

Summary of Particulate Emission Data For Fabric Filter 

Run Number 1 2 3 

Date l/10/73 l/10/73 1/10/73 

Test Time - Minutes 80 80 80 

Stacl<. Effluent 

Flow rate - ACFM 10,891 10,906 119438 

Flow rate - OSCFM 11,038 10,998 11,543 

Temperature - °F 62 64 64 

Water vapor- Vol. % ·0.8 1.0 0.9 

Particulate Emissions 

Probe and filter catch 

gr/DSCF 0.000034 0.000045 0.000021 

gr/ACF 0.000034 0.000045 0.000021 

lb/hr 0.00319 ·a~oo422 0.00211 

Total catch 

gr/DSCF 0.00138 0.00152 0.000596 

gr/ACF 0.00138 0.00152 0.00060 

lb/hr 0.13 0.14 0.059 
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TABLE C-7 

FACILITY F(6} 

Summary of Particulate Emission Data For Fabric Filter 

Run Number 4 5 Average 

Date l/ll/73 l/ll/73 

.,.. __ .... TJ-- u.:_.t..,._,. 01"\ on an IC:i»lo 111110:: - 1"1111'-''-t;;.;:o· uv ...,.., 
~ ... 

Stack Effluent 

Flow rate - ACFM 10,895 11 '134 11,053 

Flow rate - DSCRM 11,066 11,275 11,184 

Temperature - °F 62 62 62.8 

Water vapor- Vol.% 0.6 0.9 .8 

Particulate Emissions 

Probe and filter catch 

gr/DSCF 0.0347 0.000126 0.0020 

gr/ACF 0.0352 0.000128 0.0070 

lb/hr . 3.29 0.012 0.66 

Total catch 

gr/DSCF 0.0349 0.000783 0.0078 

gr/ACF 0.0354 0.000793 o.ooao· 
lb/hr 3. 31 0.075 0.74 
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TABLE C-S 

FACILITY G( 1) 

Summary of Particulate Emission Data For Fabric Filter 

Run Number 1 2 3 

Date 3/22/72 3/23/72 3/24/72 

Test Time - Minutes 180 180 180 

Stack Effluent 

F1 ow rate - ACFM 6,489 6,493 6,369 

Flow rate - DSCRM 6,620 6,599 6,557 

Temperature - °F 45.0 51.8 40.0 

Water vapor- Vol. % 0.0 0.0 o.o 

Particulate Emissions 

Probe and filter catch 

gr/DSCF 0.00144 0.00108 0.000305 

gr/ACF 0.00147 0.00110 0.000318 

lb/hr 0.0794 0.0594 0.0133 

Total catch 

gr/DSCF 0.00214 0.00169 0.000567 

gr/ACF 0.00219 0.00172 0.000592 

lb/hr 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(1) 

Summary of Particulate Emission Data For Fabric Filter 

Run Number 1 2 3 

Date 4/23/73 4/24/73 . 4/24/73 

To .. + T;mo :_ Minutoc:: . .._....- .... ···~- ... ··---- 120 120 120 

Stack Effluent 

Flow rate - ACFM 19,978 20,709 19,205 

Flow rate - DSCFM 18,898 19,188 17,878 

Temperature - °F 81.5 93.5 93.3 

Water vapor- Vol. % 1.6 2.1 l.7 

Particulate Emissions 

Probe and filter catch 

gr/DSCF 0.0040 0.0014 0.0019 

gr/ACF 0.0040 0.0013 0.0018 

lb/hr 0.66 0.22 0.29 

Total catch· 

gr/DSCF 0.0067 0.0047 0. 0051 

gr/ACF 0.0066 0.0045 Q.0049 

lb/hr 1.09 0.77 0.78 

C-20 

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 1(8) 

Summary of Particulate Emission Data For Fabric Filter 

Run Number 

Date 

Test Time - Minutes 

Stack Effluent 

Flow rate - ACFM 

Flow rate - DSCFM 

Temperature - °F 

Water vapor- Vol.% · 

Particulate Emissions 

Probe and filter catch 

gr/DSCF 

gr/ACF 

lb/hr 

Total catch 

gr/DSCF 

gr/ACF 

lb/hr 

1 

10/16/73 

105 

3,857 

3,826 

59.0 

2.3 

0.00277 

0.00275 

0.09 

0.90397 

0.00393 

0.13 
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TABLE C-11 

FACILITY J{J) 

, 

Summary of Particulate Emission Data for Fabric Filter 

Run Number 1 2 3 

Date 10/5/72 10/5/72 10/6/72 

Test Time - Mim!t~s 160 160 47 

·Stack Effluent 

Flow rate - ACFM 21.,956 20,186 19,662 

Flow rate - DSCFM 22,510 20,223 19,582 

Temperature - °F 54.8 56.5 58.5 

Water vapor- Vol. % 0.5 0.9 1.1 

Particulate Emissions 

Probe and filter catch 

gr/DSCF 0.00082 0.00082 0.00103 

gr/ACF 0.00084 0.00082 0.00103 

lb/hr 0.16 0.14 0.17 

Total catch 

gr/DSCF 0.00100 0.00099 0.00270 

gr/ACF 0.00102 0.00099 0.00269 

lb/hr 0.19 0.17 0.45 

C-22 

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) 

Summary of Particulate Emission Data For Fabric Filter 

Run Number 1 2 3 

Date 10/16/73 10/17/73 10/17/73 

Test Time - Minutes 160 160 160 

Stack Effluent 

Flow rate .. ACFM 6,136 5,064 4,982 

Flow rate - DSCFM 6,099 4,926 4,782 

Temperature - · °F 65.0 75.0 8o.o 

Water vapor- Vol. % 0.8 0.8 1.0 

Particulate Emissions 

Probe and filter catch 

gr/DSCF 0.00411 0.00824 0.01109 

gr/ACF 0.00408 0. 00801 0.01064 

lb/hr 0.21 0.35 0.45 

Total catch 

gr/DSCF 0.00558 0.01411 0.01796 

gr/ACF 0.00555 0.01372 0.01723 

lb/hr 0.29 0.60 0.74 

C-23 

Average 

160 

5,394 

5,269 

73.3 

0.87 

0.00781 

0.00758 

0.34 

0.01255 

0.01217 

0.54 

..... ···-
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APPENDIX D 

METHODOLOGY FOR ESTIMATING THE IMPACT OF 
GRAIN ELEVATOR FACILITIES ON AIR QUALITY 
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METHODOLOGY FOR ESTIMATING THE IMPACT 
OF GRAIN ELEVATOR FACILITIES ON AIR QUALITY 

Particulate emissions from a grain elevator facility are complex. 

The emissions are generally distributed over a horizontal area of 

approximately 100 x 250 meters. Receiving and shipping operations 

(Table D-1) typically are widely distributed over that area, but no 

other generalizations can be made about the physical layout of such 

sources other than that they are near ground level. The other operations 

are not as widely distributed. The handling and cleaning operations 

result in emissions at several heights, ranging from near ground· 

level to about 60 meters above ground level. An estimated average 

emission height for each grain elevator, operation, and level of 

emission control is listed in Table D-1. 

There are essentially no well-defined stacks at such facili~ies. 

Most of the emissions are either fugitive in nature or are emitted 

from vents and control devices attached to or near the grain elevator 

buildings at various heights. All emissions are near ambient tem­

peratures. The few stacks that do exist appear to be well within the 

regions of aerodynamic downwash at such facilities. Thus, effluent 

plume rise can be assumed to be negligible. 

To estimate the impact of such facilities on air quality, it 

was first necessary to choose an appropriate atmospheric dispersion 

model and to consolidate the source information contained in the 

above discussion and Table D-1 .into a form suitable for input to the 
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Table D-1. t'f.f't1(tJtl\te f.l"fH!>J<W•' YY\Iflt"'t,;;> !11\. 
Grain Elevator Facilities 

Level·o,-Emtssion 
Control 

None " None 
l • System l 

Type of 'l • Syste'll Z 
rain Elevator Ooerathm 3 ~ System 3 

!Country Elevator Mane 
(Models l, 2) and l 
IUce Dryers 2 

Recehlng 3 
None 

1 
2 

Handling 3 
None 

1 
2 ... Cleaning 3 

None 
'' 1 

2 
Drv1no 3 

fi1Hjh lllrough-put NOne 
{Models 3 and 4} 1 

2 
Receiving 3 

None , 
2 

Handling 3 
None 

' 2 
Cleaning 3 

None 
1 
2 

Ory1ng · 3 
None 

1 
z 

Sh1J![!Irtg 3 
!n1and Terminal· None 
£levator l 
(Hodel 5) 2 

Receivtng 3 
None 

1 
2 

Handling 3 
None 

l 
2 

Cleaning l 
Hone 

1 
2 

Drying 3 
None 

1 
2 

5hipp1ng 3 
l>ort Tennlnal None 
Elevator 1 
(Model 6) 2 

Receiving 3 
Hone 

1 
2 

Hant.llfn:~ J 
None 

~ 1 
2. 

Cteantng 3 
None 

1 
2 

nrvl ntt 1 
None 

1 
2 

S'lit;[!IM 1 
~~;~aqe Elcv~tor None es,ars (wheat ml11, 1 

corn mill, rice 2 ni ll , soybl!an procos sor, Receiving 3 !wet corn ~t~lll) None 
1 
2 

HandHng 3 

!::----===-----~Dry! ng 

Average 
Emission 

Hel:~t 
1.~ 
7.5 
7.5 
7.5 

46 
46 
46 
46 

3 
23 
23 
23 
5 
5 
5 
5 
1.:. 
7.5 
7.5 
7.5 

46 
46 
46 
46 

3 
23 
23 
23 
5 
5 
5 
5 
s 
7.5 
7.5 
7.5 

; :~ 
1. 5 
7.5 

46 
. 46 
46 
46 
3 

23 
23 
23 
5 
5 
5 
5 
5 
7.5 
1.5 
1.5 
LS 
1.5 
7.5 
1.5 

46 
46 
46 
46 

3 
2J 
23 
Zl 
s 
5 
5 
5 
5 
7.5 
7.5 
?.t:. 
1.5 
7.5 
7.5 
7.5 

46 
46 
46 
46 
s 
s 
5 
5 

Emtsstor 

(o~a t~ 1 sec 
9 
1.7 
.17 
.17 

3.2 
.51 
.OS 
.os 

1.0 
.1 
.01 
.01 

6.5 
,91 
.97 
.32 

19.6 
1.32 
• 13 
.13 

7.0 
.u 
.13 
.13 

2.2 
.22 
.02 
.oz 

13.0 
1.94 
1.94 
.65 

5.8 
1.07 

.09 

.09 
IJ 
2.9 

.29 

.29 
140 

.6 

.6 

.6 
3.3 
1.1 

.1 

.1 
lJ 
1.94 
1. !14 

.65 
44 

2.16 
.22 
.22 

HO 
1.6 
.4 
.4 

140 
.1 
.] 
.7 

6.6 
2.2 
.2 
.2 

lJ 
1.94 
1.94 

.M'i 
130 

2.2 
.2 
.2 

iltg 
.4 
.4 

1.7 
3.8 

. 38 

.38 
6.s 1 

.91 . 

.!H 

.n . 

l 

! 

' ; 
I 

' 
' 
: 

: 

i 
! 
I 

I 
I 
I 
I 
I 

: 
I 

0-3 



model. The dispersion estimates were made through application of 

the Single Source (CRSTER) Model. Given a year of hourly meteorological 

data, the model estimates maximum 1-hour, 3-hour, 24-hour, and annual 

ground-level concentrations. It must be realized that the short-term 

values are the maximums for the year in question. During certain years 

the maximum values will likely be somewhat higher, due to different 

sequences of meteorological conditions. 

The formulation of an appropriate set of source input data for 

the moaei was simpiified by the ract that there is r:c significant 

plume rise from the source. Thus, it was only necessary to account for 

the fact that the particulate '1plume 11 from such a facility has 

a finite initial width and thickness. 

In estimating the appropriate "initial plume width, 11 it is 

recognized that the actual points of emission due to each operation 

are not distributed over the entire 100 x 250 meter area discussed 

earlier. However, once the effluents leave their respective sources, 

they are probably subjected to considerable turbulent mixing due to 

the presence of large structures and are likely to be dispersed over 

much of the above-menti~ned area. Therefore, effluents from all 

operations are assumed to be distributed over the entire area. 

The initial plume width input to the Single Source Model was based on 

that assumption. The smaller of the two facility dimensions {100 meters) 

was used for a11 cases {Table D-2) and for all wind directions. In 
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Table D-2. Emission Rate, Average Emisson Height (weighted 
by emission rate). and Assumed Initial Plume 
Dimensions for Each Type of Grain Elevator and 
Level of Emission Control 

~------~--------------------------------------------------------------

• 

Type of 
Grain 
Elevator 

Country 
Elevator 

High 
Through-
Put 

Inland 
Terminal 

Port 
Terminal 

Storage 
Elevator 

Level of 
Emission 
Control 

None 
1 
2 
3 

None 
1 
2 
3 

None 
1 
2 
3 

None 
1 
2 
3 

None 
1 
2 
3 

Total 
Emission 
Rate 
(g/sec) 

19.7 
3.3 
1.2 
0.55 

47.6 
4.7 
2.3 
1.0 

213 
8.7 
3.2 
1.9 

400 
8.6 
3.4 
2.2 

35.8 
8.8 
1.8 
1.1 

Assumed Assumed 
Average Initial Initial 
Emission Plume Plume 
Height Thickness Width 

(m) (m) {m) 

10 20 100 
13 25 100 
7.4 15 100 
9.8 20 100 

9.5 20 100 
8.3 15 100 
7.8 15 100 

11 20 100 

32 64 100 
12 25 100 
13 25 100 
20 40 100 

18 40 100 
14 30 100 
15 30 100 
20 40 100 

12 25 100 
23 40 100 
14 25 100 
20 40 100 
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other words, a circular source was assumed in order to ensure reasonably 

conservative dispersion estimates downwind of the source. For computa­

tional purposes, the initial cross-wind pollutant distribution is 

assumed to be Gaussian. 

To estimate the 11 initiai plume thicknesses'1 for each type of 

grain elevator and level of emission control, emission heights listed 

in Table·o .. l were utilized. The heights were weighted by the respective 

emission rates, and a weighted average emission height was determined 
IC ....... _..,_I..,. 
lUI CQ\.oll grain e1evator and level of emission control (Table 0-2}. 

The initial plume thicknesses were assumed to be approximately twice 

the weighted average emission heights; i.e., the initial vertical 

spread of each plume is assumed to extend·from ground level to 

twice the weighted average emission height. That assumption is 

considered valid in'light of the prevalent atmospheric turbulence and 

downwash conditions at the facilities under study. 

The initial horizontal and vertical pollutant distributions were 

assumed to be Gaussian to facilitate the utilization of virtual point 

source approximations. Such approximations were necessary because 

the Single Source Model only handles 11 point" sources, whereas the 

effluent plumes from the sources in question have finite initial hori­

zontal and vertical dimensions that must be accounted for. Dispersion 

coefficients for Pasquill-Gifford stability Class D were used in the 

computation of the virtu~l point source distances. 
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The meteorological data used in the analysis were chosen from 

locations where effluent dispersion from grain elevator facilities would 

result in relatively high concentrations. All meteorological data were 

from the year 1964. That is the only year for which data suitable as 

input to the model are directly available. For all but the port 

facility analyses, meteorological data from several National Weather 

Service Stations in the heart of the grain belt were examined. Surface 

stability-wind data from Omaha, Nebraska were finally chosen because 

of the relatively skewed wind rose at that location. The mixing height 

data were obtained from the nearest upper air station (Topeka, Kansas} 

for which such infonmation is readily available. The high frequency· of 

wind from a single direction at Omaha should cause estimated maximum 

ambient pollutant concentrations at that station to be higher than at 

most other grain belt locations. For the port facilities, surface 
' 

meteorological data from several Great Lakes, Gulf, and Pacific Coast 

locations were considered. Portland, Oregon was finally chosen because 

of the relatively skewed wind rose at that location. Upper air data in 

this latter case were obtained from Salem, Oregon, which is the nearest 

station providing such information. 

Table D-3 presents the estimated maximum ambient particulate concen­

trations at specified distances downwind of the five types of grain 

elevator facilities considered in the analysis. Note that a consider­

able degree of emission control would be required for the national 
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Table D-3 - Estimated Ambient Ground-Level Particulate Concentrations at 
Specified Distances* Downwind of Grain Elevator Facilities 

Type of Level of Total Averaging Particulate Concentration { ug;m3} 
Grain Emission Emission Time 
Elevator Control Rate 

(g/sec) 0.3 km 2 km 20 

none 19.7 Day 1000 100 10 
Year 79 9 < 1 

Country 1 3.3 Day 150 17 2 
Elevator Year 11 2 < 1 

2 1.2 
Day 6~ < y < 1 
Year < 1 .. ' 

3 0.55 Day 29 3 < 1 
Year 2 < 1 < 1 

rione 47.6 
Day > 1000 250 23 
Year- 1nn 21 1 

High 1 4.7 Day 250 25 2 

Through- Year 19 2 < 1 

Put 2 2.3 
nay 120 12 1 
Year 9 1 < 1 

3 1 .0 
Day 53 5 < 1 
Year 4 < 1 < 1 

none 213 Day > 1000 > 1000 100 
Year > 300 94 5 

Inland 1 8.7 Day 390 46 4 
Terminal Year 30 4 < 1 

2 3.2 Day 140 17 2 
yp.;:.,r 11 1 < 1 

3 1.9 Day 70 10 < 1 
Year 6 < 1 < 1 

none 400 
Day > 1000 > 1000 140 
Year > 300 180 8 

Port 1 8.6 Day 340 34 3 
Terminal Year 28 4 < 1 

2 3.4 nay 140 14 1 
Year 11 2 < 1 

3 2.2 Day 62 9. < 1 
Year 6 < 1 < 1 

none 35.8 Day > 1000 190 17 
Year 120 16 < 1 

Storage 1 8.8 
Uay 330 47 4 

Elevator Year 26 4 < 1 

2 1.8 Day 81 to < 1 
Year 6 < 1 < 1 

3 1.1 Day 41 6 < 1 
Year 3 < 1 < 1 

*Distances are as measured from the center of each facility D-8 

km • 

... 

•• 



ambient ai .. r quality standards for particulates to be met in the vicinity 

of all the grain elevator facilities studied. If the fugitive emission 

and aerodynamic downwash problems at those facilities were eliminated 

by venting the emissions into well-designed stacks, the ambient 

standards could be met with considerably less emission control. 

0-9 
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