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PREFACE

Midwest Research Institute has carried out a study for the Division
of Stationary Source Enforcement, Environmental Protection Agency, to review
presently existing compliance monitoring programs as they relate to grain
elevators and to develop alternative strategies for monitoring this industry.

This report presents the results of the study including characteris-
tics of the grain elevator industry, and emissions thereof, SIP review, and
the development and discussion of a more streamlined enforcement strategy.

Mr. V. Ramanathan, Associate Chemical Engineer, Energy Systems Section,
served as the Project Leader, and Mr., D. Wallace, Associate Enviromnmentalist,
contributed significantly to the task., The assistance provided by Dr. K. P.
Ananth and Mr. P. Gorman and the valuable guidance offered by the Task Manager,
Mr. Robert L. King, throughout the project are gratefully acknowledged.
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MIDWEST RESEARCH INSTITUTE
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M, P. Schrag, Director
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SECTION 1

INTRODUCTION

BACKGROUND

This study was conducted to evaluate the problems associated with com-
pliance monitoring of grain elevators and to examine alternate inspection
and monitoring strategies that state and local agencies might utilize in
enforcing compliance in-‘grain elevators. The particular objectives of the
program were to: (a) characterize the industry with respect to number and
location of facilities, emissions potential, and emissions contrel tech-
nelogy, (b) review current status of compliance monitoring, and (¢} recom-
mend alternate monitoring strategies which could potentially reduce the
resource requirements for the inspection of grain elevators.

Although the study is directed specifically at compliance monitoring at
grain elevators, it is anticipated that the development process and monitoring
strategies would be a pilot model for similar source categories.

New ‘Source Performance Standards (NSPS) for new, modified, and recon-
structed grain elevators have been promulgated under the authority of Sec-
tion 111 of the Clean Air Act.l/ The promulgated NSPS apply only to. those
large grain elevators with storage capacity greater than 2.5 million bushels
and which began construction or modification after August 3, 1978. Less
than 5% of the approximately 10,000 elevators operating in the U.S. fall
under the above size classifications. The remaining facilities are regulated
by state and lecal agencies.

Enforcement of regulations is a large burden to state and local agencies.
Factors such as the large variation in the sizes of individual facilities
and widespread geographical dispersion have made development and conduct of
a monitoring strategy difficult. The fugitive and intermittent nature of
grain elevator emissions and restrictions imposed by some state legislatures
have led to difficulties in applying regulations to grain elevators.




An additional factor that imposes a burden on the state enforcement and
monitoring personnel from the standpoint of manpower and scheduling limita-
tions is the cyclic nature of grain production., Grain elevators handle peak
loads during harvest season, which lasts only for a period of about 3 to

4 weeks, Inspecting all the grain elevators in the state when they are op-
erating at their capacity level imposes a burden on manpower and cost require-
ments both for the inspection crew of the regulatory agency and the elevator
operator.

Another concern results from the recent explosions in grain elevators
and the resultant loss of lives and property. These explosions have gen-
erated considerable concern with respect to any operation where grain dust
is generated and, in particular, contained. The explosions have led federal,
state, and local regulatory agencies to review the dust control measures,

The above factors have prompted the EPA-DSSE to issue the subject task
assignment for a comprehensive review of federal, state, and local agency
enforcement activities with respect to grain elevators and develop alterna-
tive compliance monitering strategies., s

SCOPE AND APPROACH

A grain elevator can be defined as a facility which stores grain and
serves as a collection and transfer point. For the purpose of this study,
grain elevators of all sizes are included--ranging from small country
elevators to farmers' co-operative elevators to large city terminal and '
export terminal elevators. The operations considered include only grain
receiving, storage, shipment, and, in some cases, grain scalping and drying.
For example, a seed plant, which not only stores and handles grain, but
also cleans, sorts, and treats it for making seed, was not considered. Also
excluded are feed mills, grain/rice milling plants, and flour mills, even
though their operations include storage and transfer.

The geographic area considered theoretically includes the entire United
States, The characterization of industry and development of alternative stra-
tegy are applicable to all grain elevators in general, irrespective of geogra-
phic location. As for the review of SIP's, in order to obtain a broad cross-
section of state regulations, the state having the most grain elevators in
each of nine EPA regions was selected for review, Region 1 was not included
since it has very few grain elevators. In Region VII the regulations were
reviewed for Nebraska and Iowa, in addition to Kansas, because of the large
number of elevators in these states.

The program was divided into four major phases. The first phase in-
volved collection of information from literature, industry, and government




_ - P . i . -

- ol

agency sources to characterize the grain elevator industry, dust emissions
from elevator operations, and their dust control aspects, The second phase
focused on a comprehensive review of the SIP's of the selected states, in-
cluding their current enforcement strategy and compliance monitoring pro-
grams, The third phase of the study was the development of an alternative
strategy for enforcement and for monitoring the grain elevators fer com-
pliance with the applicable emission regulations. The fourth phase, which

was accomplished under a separate task, was a field evaluation and subsequent
revision of the monitoring strategy.

CRGANIZATION OF THE REPORT

The report is organized into two major components. The body of the re-
port is a concise presentation of the results and findings having a direct
impact on the compliance monitoring strategy. The appendices present de-
tailed information on various aspects of the grain elevators industry and
compliance monitoring of grain elevators.

The body of the report includes: a summary of the overall program (Section
2); conclusions and recommendations of the study (Section 3); a brief survey
of grain elevator emissions and emissions control technology (Section 4);

an analysis of current regulatory and enforcement practices (Section 5);

and an alternative enforcement and compliance monitoring strategy.

The appendices contain a description of the industry structure and grain
elevator operations (4ppendix A); a detailed analysis of grain elevator
emissions (Appendix B); descriptions of grain elevator control techniques
(fppendix C); a summary of the regulatory and enforcement approaches of the
11 states surveyed during the study (Appendix D); a detailed description of
the development and field evaluation of an alternative inspection and monitor-
ing strategy (Appendix E); and a glossary of industry terms (Appendix F).




SECTION 2

SUMMARY

THE GRAIN ELEVATOR INDUSTRY

The grain elevator industry comprises those facilities involved in the
conditioning, transfer, and storage of grains and other agricultural products
as they are passed from the farmer to the final processing or exporting
facilities. These facilities consist of country, subterminal, and terminal
elevators. For purposes of this study farm elevators, those elevators han-
dling grain strictly for on-farm use, and elevator operations at processing (
facilities are not defimed as part of the industry. \

Country elevators receive grain from the farmer and ship to subterminal %
or terminal elevators. Subterminal elevators receive grain from both farmers
and country elevators and ship to terminal elevators or directly to processors.
The terminal elevators receive grain from country and terminal elevators !
and either export the grain or ship the grain to processors.

Data from the U.S. Department of Agriculture (USDA), National Grain and
Feed Association (NGFA), and the U.S. EPA were examined to determine the num-
ber and size of grain elevators. It was found that no precise count of ele-
vators is available, Using the best data from USDA and NGFA the number of
grain elevators is estimated to be about 9,000 distributed as follows:

Country - 8,210
Subterminal and terminal - 540

While these elevators are distributed widely with each region having at
least one elevator, 90% of these elevators are located in Regions V, VI,
VIL, and VIII. No one of these regions contains more than 40% of the grain
elevators. It is apparent that grain elevator compliance is of concern in

more than one region.

GRAIN ELEVATOR EMISSIONS AND EMISSIONS CONTROL

- . : - - E) 3
Each ¢f the conditioning and transfer operations in a grain elevator is
a potential source of particulate emissions., Available emissions data were
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surveyed to develop emission factors for each major operation. The best
"average" emission factor and range of emission factors are presented below.
The emission factors are in units of pounds of dust per ton of grain processed
through the operation. The numbers in parentheses represent emission factors
for country elevators if they differ from terminal elevators.

Best
"average'' Low High

Grain unloading (receiving) 1.0 0.8 3.5
Grain loading (shipping) 0.64 0.25 1.26
Conveying to bins

(gallery belt/tripper) 1.0 0.11 2.5
Removal from bins

(tunniel belt) 1.40 1.0 2.0
Headhouse (legs) 1.50 0.5 2.5
Internal turning 3.90 (2.9) 1.61 (1.5) 7.0 (4.5)
Cleaning 5.8 5.0 7.0
Drying 5.5 4.0 8.0

Two observations are of particular interest with respect to these data.
First, the magnitude of the emissions are an indication of a potentially
significant impact of the grain elevator emissions on ambient air quality.
Second, the wide range of the emissions data limits the reliability of the
application of the emission factors to specific grain elevators.

One other facet of grain elevator emissions of particular interest is the
relationship of mass emissions concentrations to opacity. Limited data from
control device exhaust tests indicate that emissions with 20% opacity are
equivalent to a mass concentration of 0.025 gr/scf, If these data can be
confirmed, they will have a significant impact on enforcement strategy, in
that a visible emissions regulation of 20% is as stringent as most mass emis-—
sion regulations.

Almost all sources of grain elevator emissions are "fugitive' sources,
i.e., sources for which the emissions enter the atmosphere directly or through
building openings rather than through well defined ductwork. The control of
these emissions requires an efficient capture system to contain the dust
connected to an air pollution control device such as a cyclone or fabric
filter, Adequate control systems are available for each of the grain elevator
operations ahd have been installed on most moderate to large size grain
elevators.

The fact that elevators have installed control systems does not mean
that the emissions problem has been solved. Data indicate that the malfunc-
tion of control equipment, particularly fabric filters, due to improper




operation and maintenance is a significant contreol problem in the grain ele-
vator industry. Using contacts with personnel from the elevator industry,
air pollution control agencies, and control equipment vendors, we were un-
able to locate any substantive data on possible causes and solutiens to
these malfunction problems, This area appears to be a candidate for further
research efforts.

ANALYSIS OF STATE IMPLEMENTATION PLANS

State air pollution laws from 11 select states were reviewed to iden-
tify those applicable to grain elevators. State and local officials were
then contacted to identify the enforcement strategies actually utilized by
the agencies,

The responses from the contacts with state and local agencies indicate
that the primary enforcement tool is the visible emissions regulation (used
by 10 of the 11 states contacted). Other regulations frequently used are
fugitive dust prohibitions or general nuisance regulatioms. Although most
states had some type of mass emission regulation (either process weight or
concentration), only one of the 11 states appears to regularly enforce a

process weight regulation. Based on these responses, any alternative monitor-

ing strategy should certainly include provisions for utilizing visible emis-
sions and fugitive dust regulations. Further methods development and educa-
tion are needed before mass emissions regulations can be used on a regular
basis.

Grain elevator regulations for the State of Illinois are of particular
interest. These regulations require aspiration on all grain handling opera-
tions within the elevator. Control device efficiency is specified for the
. captured emissions based on elevator size and attainment status of the eleva-
tor location. A housekeeping checklist and documentation of proper operation
and maintenance procedures are also required. These regulations should be
examined carefully in developing a regulatory model for control of grain ele-
vators. The housekeeping and operation and maintenance (0&M) checklists may
be a valuable enforcement tool in states with housekeeping and/or malfunction
regulations.

DEVELOPMENT OF A COMPLIANCE MONITORING STRATEGY

The development of the compliance monitoring strategy was accomplished
in three stages. First, tentative inspection formats and a hypothetical com-
pliance monitoring strategy were developed. The inspection format and strat-
egy were then examined through field evaluation at 38 grain elevators in the
State of Nebraska. Finally the results of the field evaluation were analyzed

and principles for alternative enforcement/compliance monitoring strategies
were developed.
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Information from contacts with control agency personnel and MRI per-
gsonnel utilized in the field evaluation as well as the statistical analysis
of the field evaluation data were used as input in developing the following
principles for an enforcement/compliance monitoring strategy:

1. The first step in developing an enforcement strategy is to determine:
(a) facilities subject to regulation; (b) operations within the facilities
subject to regulation; and (c) regulations to be utilized. It is strongly
suggested that visible emissions or fugitive dust regulations not be enforced
against uncontrolled sources; this could lead to uneven enforcement.

2. As a corollary to the above principle, before inspections begin con-
trol requirement criteria should be developed to determine which operations in
which elevators should be controlled. These criteria should not be based on
visible emissions noted during inspections. Some possible criteria are eleva-
tor size and elevator location with respect to population or ambient attainment.

3. Only contrelled sources should be inspected regarding violation of
standards. Uncontrolled sources should be examined periodically to identify
any changes in status regarding control requirement criteria.

4, Elevators should be inspected using a level of inspection concept.
Three levels of inspection are proposed. Level I is an external inspection
of visible emissions from control device exhausts and fugitive emissions
from controlled operations, Level II is an internal inspection in which
visible emissions are checked, control equipment is determined operational,
capture at controlled operations is visually determined, and housekeeping
practices are examined. Level III consists of a detailed examination (includ-
ing internal inspection) of control equipment and exhaust systems and/or
emissions testing at control device outlets.

5. Inspections are done systematically starting with Level I and result
in step-by-step elimination of monitoring of sources at higher levels if com-
pliance is determined.

6. Levels I1 and III should never be used at country or subterminal
elevators during harvest season.

These principles were then used to develop a model inspection strategy.
It is suggested that these principles can be used by state and local agencies
to develop an enforcement/compliance monitoring scheme that can best utilize
their limited resources.
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CONCLUSIONS AND RECOMMENDATIONS

The major conclusions derived from this investigation and associated
recommendations are as follows,

ls Current data on number, size, and location of elevators do not pro-
vide a sufficient data base for enforcement purposes, There is a need for
a concise and systematic inventory of all grain elevators including their
capacity and throughput. (This is currently being addressed on another EPA
program,.)

2. Existing emissions data are scarce and inconsistent with regard
to the method of measurement. If process weight regulations are to be util-
ized in monitoring grain elevators, an intensive effort is needed to charac-
terize emissions from various elevator operations.

3. Observations during the field evaluations indicate that "contimued
compliance' is more critical in grain elevators then "initial compliance,'
That is, after the installation of the control equipment, proper operation
and maintenance (08M) of the equipment appears to be a common problem in
grain elevators. Convincing the grain elevatorﬁ\ﬁf“&he real benefits of dust
contrel and educating them on the 03M practices for the control equipment
is imperative to an effective monitoring and enforcement strategy.

%, The Levels of Inspection concept has potential for application to
grain elevators. Short term visual inspections (Level I) often provide suf-
ficient data to analvze compliance status with respect to visible emissions

regulations, while more detailed inspections (Levels II and III) provide addi-

tional information on performance of control systems.

5. Visible emissions violations at uncontrolled loading and unloading
operations are a result of factors such as amount of dust in the grain and
wind speed and direction. As such, any uncontrolled elevator has the poten-

tial to violate visible emissions regulations. Since such violations are ran-
dom occurrances, short term observations of either compliance or noncompliance

are not a good indicator of the actual compliance status of an uncontrolled
source.
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6+ Observations during the field evaluation indicate that regulations
such as prohibition of excessive malfunctions, housekeeping practices, and
requirements for proper operation of control equipment in addition to opacity
regulations are an aid to enforcement of continuous compliance.

7. A defined enforcement strategy which indicates the control levels
to be required on elevator operations is a prerequisite to an efficient moni-
toring strategy. This indicates that some type of equipment regulation is
preferred for grain elevatorse. A good example of such a regulation is the
State of Illinols Rule 203,9 (see section 5).




SECTION &
GRAIN ELEVATOR EMISSIONS AND EMISSIONS CONTROL

Grain elevators of all sizes contain a number of sources which emit par-
ticulate matter to the atmosphere either directly or through doors, windows,
or ducts. A basic understanding of these sources, emissions quantities and
characteristics, and emissions control is a prerequisite to developing
alternative enforcement/compliance strategies.

Emissions from grain elevators result from the various handling and
transfer operations. These emissions are a result of the liberation of field
dust and chaff carried in with the grain and fine grain dust caused by abra-

sion during handling. The main particulate emissions sources in grain eleva-
tors are:

l. Grain unloading
2. Grain transfer points including
(a) bin discharge onto tunnel belts
(b) grain transfer to boots
(¢) transfer to gallery belt
(d) gallery belt trippers
3. Elevator legs
4. Grain cleaning
5. Grain drying
6. Garner and scale bins

7. Grain loading

8, Bin vents-

For those readers not familiar with grain elevators, descriptions of
these operations are included in Appendix A. The remainder of this section
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will present a brief summary of emission factors, a discussion of other
emissions characteristics impacting on enforcement strategies, and a review
of grain elevator emissions control practices.

GRALN ELEVATOR EMISSION FACTORS

Most grain elevator emissions sources are classified as '"fugitive'

emissions sources. Fugitive sources are those which, in the absence of air

pollution control systems, emit to the atmosphere directly or through doors
and windows rather than through well defined ductwork. Since such sources
are difficult to test, emissions data from grain elevators are scarce.

Available emissions data have been generated by three basic methods.
Early emission factors were estimated by experienced elevator operators based
on material balances, or Mshrinks."2,3/ Early experimental numbers were gen-
erated from a 6-month study of weekly weights of fabric filter catch at a
terminal elevator.=’ More recent data were generated by performing emissions
tests in ducts upstream from a control device at controlled sources.
The results of these studies are shown in Table 1.

The data in Table 1 are limited in that they are dependent upon the ef-
ficiency of the hooding or take-off system in capturing the dust. If the flow
through the system is too low, capture will be inefficient and the emission
factor generated will be too low. On the other hand, if the capture velocity
is too high, the system will induce particles from the process stream that
might otherwise remain in the grain, resulting in excessively high emissions.

Even with these limitations, two observations can be made that are of
particular significance when developing monitoring strategies. TFirst the data
show a wide range in emission factors. These may be a result of variations
such as differences in test method or differences in efficiency of the capture
system, However, the differences may simply reflect a wide range in emissions
from grain elevator operations, The latter case is supported by data in
Reference &4 which show weekly emission factors varying by a factor of 5 or more
for most elevator operations. If emissions do in fact vary over such a wide
range, the use of average emission factors to enforce process weight viola-
tions at a specific elevator is a questionable tool.

The data in Table 1 also show a variation in emission factors based on
grain type. These data are substantiated by short-term test data in Reference
4, but data are insufficient to quantify these differences. However, the
existence of these différences again limits the use of average emission fac-
tors as an enforcement tool for process weight regulations.

A more detailed analysis Of grain elevator emission factors is presented
in Appendix B. )

11
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EMISSIONS CHARACTERISTICS

Two characteristics of grain elevator emissions are of particular interest
with respect to enforcement strategies: (a) particle size and (b) the rela-
tionship of mass emissions to opacity. Most of the particulate emission
is composed of particles 50 ym or smaller in size._f Grain dust suspended in
the air in the interior of grain elevators consists mostly of highly dispersed
particles measuring 5 umin diameter. A particle size distribution for grain
dust emissions is shown in Table 2.22/ One source sampling study reports a
marked difference in the weight percent of minus 10 um particulates be-
tween grain cleaner exhausts and receiving pit exhaustsrl;- The results are
presented in Figure 1. Grain cleaner exhausts generally contained less than
10% by weight minus 10 um particles, while receiving pit exhausts were found
to exceed 5307 by weight minus 10 ym particles. The particles in the 0.1 to
1.0 um size range constituted only about 1% of total particulates emitted
from grain cleaners but more than 15% of the particulates emitted from
receiving hoppers. This finding is of particular significance because it
has been well-documented that particles in this size range have the maximum
effect on plume opacity.iﬁ/

TABLE 2. PARTICULATE SIZE DISTRIBUTION OF GRAIN DUST
FROM TRANSFER OPERATIONS12/

Percent (%) by weight

Particle size (um) Before cyclone After cyclone
0 -44 6.4 58
44 - 74 7 19.2 11
74 - 104 17.4 10
104+ 57.0 | 21

Data on mass concentration and opacity indicate that the visible emission
standard of 20% opacity is more stringent that the particulate emission stan-
dard of 0.l grains per SCF, for both grain cleaners and receiving pits con-
trol device exhausts. Sufficient data are not available to establish statisti-
cally reliable correlations between grain loading and opacity. In general,
however, it is reported that particulate concentrations of 0.l grains per SCF
or greater from the control device exhaust resulted in visible plumes in
excess of 50% opaicty from receiving pits and 40% opacity from grain cleaners.
In order to meet a visible emission standard of 20% opacity, mass concentra-
tions of less than 0,025 grains per SCF would be required.ii/ More data are
needed to substantiate this relationship. However, if it is valid, an opacity
regulation of 207 is more stringent than most mass concentration regulations.
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EMISSIONS CONTROL 1IN GRAIN ELEVATORS

Regulatory control of atmospheric emissions from any industrial process
requires three steps: (a) technically and economically feasible measures
which reduce emissions from the process to acceptable levels must be devel-
oped; (b) these measures must be implemented on thaose sources which, on the
basis of either size or location, are considered to be major emissions prob-
lems; and (c) the source must continue to operate and maintain process and
control equipment in order to sustain acceptable levels of emissions,

Control techniques for grain elevator emissions sources are available and
have been widely implemented. They are described in detail in Appendix C.
However, during the field evaluation portion of the study, significant prob-
lems were noted in proper operation and maintenance of the control equipment.
The existence of these problems has been substantiated in conversations with
industry and agency personnel. The paragraphs below describe problems often
encountered with grain elevator control equipment.

Excess emissions from grain elevators with control equipment may result
from problems in the capture system, particulate cleaning device, or some
combination of these. However, problems in a properly designed capture sys-
tem can generally be easily identified and corrected (i.e., improper damper
settings or holes worn in the ducting) and so will not be described in detail.

Operational problems in mechanical collectors (cyclones) can also be
identified and corrected relatively easily. The efficiency of a cyclone is
dependent on the design parameters of the cyclone and the velocity of the gas
stream through the cyclone. A reduction in the gas velocity will result in
decreased efficiency. Any factor which causes an increased pressure drop
through the control system (such as plugging in the cyclone, improper damper
gettings in the ductwork, or plugging in the ductwork)}) will lead to decreased
flow through the cyclone and a drop in cyclone efficiency. A specific
instance can be identified in Table B-8, Appendix B. One particular cyclone
had a pressure drop of 17 in H20 and a flow of half the design flow. The
efficiency of the cyclone was only 47.5%. Periodic checks of cyclone pres-
sure drop, exhaust fan current, the condition of cyclone walls and fan blades,
and the exhaust rate at pickup points will provide indicators of any problems
that might reduce efficiency.

One other problem with cyclone operation that often occurs is leakaga of
air into the cyclone from the dust discharge. The inlet and outlet flows at
Elevator C, Table B-8, Appendix B indicate extensive leakage through the dust
discharge. For all three cyclones efficiency was less than 60%Z. Thus, dust
discharge mechanisms should be checked regularly to control leakage.

The major contributor to noncompliance of controlled grain elevators
is the malfunction of fabric filters. This may result from torn bags which
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cause excess emissions from the control device outlet or plugging of the bags
which cause excess emissions at the source. The following paragraphs discuss
problems specifically associated with fabric filters in grain elevators.

Based on contacts with industry personnel, environmental control offi-
cials, and equipment vendors, it appears that there has been no systematic
study of problems associated with baghouse operations in grain elevators.
However, several sources indicated that problems do exist, and there is some
evidence that operating problems may result in significant periods in which
the control equipment is shut down or operating inefficiently.

A listing of the problems identified by persons having experience with
grain elevator controls is presented below. These problems are based on
specific experiences of these individuals and no documentation is available
on the magnitude of the problems on an industry-wide basis,

1. Personnel with the National Grain and Feed Association indicated
that bag blinding can be a problem in areas of high humidity, especially

in the South. This can be overcome by using an air heating system with the
baghouse.

2. This same bag blinding has been experienced in northern climates,
especially during the fall. It often results from handling relatively warm,
moist grain which has been stored inside the elevator and exhausting the
gas stream to a control device located in a cooler outdeoor atmosphere.

3. Several persons indicated that dust bridging in the baghouse hopper
is a major problem, This had been attributed to poor design of hoppers and
improper shutdown procedures. It was suggested that systems be designed so

that elevator personnel have easy access to the hopper for inspection and
cleaning.

4. Halfunction of the bag cleaning mechanism results in dust build-
up on the bags and eventually to total plugging of the systems, During pre-
vious elevator visits, MRI personnel have encountered two causes of such
failure. At one elevator, the pluse jet control panel located on teop of an
outdeor baghouse was not installed in a weathertight enclosure. Accumula-
tion of dust and moisture inside the control panel caused shorting in the
solenoid valves for the pulse jet system., In another case, moisture in the
compressed air line resulted in line freeze-up under cold winter conditienms.

This listing of problems is in no way exhaustive, but is included to
identify the types of problems associated with baghouse operations in grain
elevators. Additional data are needed if the effect of baghouse failures
on continual compliance is to be determined. No specific data are available on
procedures used to eliminate operational problems on grain elevator fabric
filters. However, general baghouse operation and maintenance practices which
can be applied to grain elevators are presented in Appendic C.

16
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SECTION 35

ANALYSIS OF STATE IMPLEMENTATION PLAN REGULATIONS

To provide background information for the development of compliance
monitoring strategles for grain elevators, an analysis of regulations cur-
rently being enforced under SIP's was conducted. In order to obtain a broad
cross-section of state regulations, the state in each of nine regions having
the most grain elevators was selected for review. Region I was found to have
too few grain elevators for inclusion in the study. In Region VIT the regula-
tions were reviewed for Nebraska and Iowa, in addition to Kansas, because
of the large number of elevators in these states.

For each of the states, the Environment Reporter was surveyed to deter-
mine possible regulations which might be applied to grain elevators. After
the survey was completed, each state agency and. some local agencies were con-
tacted to determine the following:

1. Regulations actually enforced;
2. BSize and lecation of elevators subject to enforcement;

, 3. Emissions sources within the elevator generally monitored for com-
pliance; and

4. General description of monitoring activities.
GENERAL STATE AND LOCAL REGULATIONS

A summary table of state and local regulations identified from a review
of the Eanvironment Reporter and copies of regulations supplied by control
agency personnel is presented in Appendix D. The paragraphs below outline
the major findings of the regulatory review.

The most frequent state regulations identified during the survey which
might be applied to grain elevators are visible emissions regulations and
Fugitive dust or nuisance regulations. All but one of the 11 states surveyed
had some type of visible emissions regulation. (The one state, Texas, is
precluded by the regulation from applying visible emissions standards to
agriculturally related industries,)

17
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Visible emissions can be classified as one of two types, specific opacity
or general limitation on fugitive emissions., Nine of the states have specific
opacity regulations requiring emissions to be less than 20% or 40% opacity
(Ringlemann 1 or 2, respectively)., These regulations are written for all
industrial processes and could be applied to any ducted or fugitive emissions
source in the grain elevator. Three states also have generally worded regula-
tions which prohibit the escape of visible emissions from handling and stor-

age operations. No maximum allowable opacity is associated with these regula-
tions.

A total of seven of the eleven states have fugitive dust, housekeeping,
or nuisance regulations which could be applied to grain elevators. As shown
in Table D-1, these regulations differ significantly from general prohibi-
tions of emissions beyond the property line which cause nuisances to speci-
fied allowable increments to ambient concentrations. The most well-defined
housekeeping standard is from Illinois. Recommended housekeeping practices
in Illinois are presented in Table 3. Table 4 shows the elevator checklist
prepared by Illinois,

Seven of the eleven states had some type of process weight regulations.

Five of these states have an industrial process weight standard based on
the equations:

E=4.10 p0+67, p < 30 T/hr
E = 55.0 pOe¢ll = 40, p > 30 T/hr

E = Emissions limit (1b/hr)
p = Process weight (T/hr)

One state, Texas, has a process weight of:

20 T/hr

E= 13,12 p0.985, p <
P > 20 T/hr

E = 3,12 p0.287’
The latter regulation indicated that agriculturally related industries (in-
cluding grain elevators) may comply with the process weight standard or may
use another method of compliance which is approved by the director. Finally,

Pennsylvania has a source specific mass emissions regulation based on the
formula.

A = 0.76E0-42

where:

A = Allowable emissions in 1lb/hr

E = Emission index = F x'w lb/hr

F = Process factor in 1b/unit, and
Producticon or charging rate in units/hr

E
il
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TABLE 3. MINIMUM RECOMMENDATIONS FOR HOUSEKEEPING PRACTICES FOR
GRAIN HANDLING FACILITIES

All pollution control equipment, no matter how minor it appears, is scien=
tifically designed to perform properly. Any abuse of this equipment deters
proper operations. DO NOT ABUSE THIS EQUIPMENT!! Follow maintenance procedures
recommended by the manufacturers

l, Existing Cyclone Collectors

Ae Cyclone(s) should be checked daily to be sure they are operable
and not pluggede.

Be They shall be cleaned as required to insure proper operatione

2e (leaning and Maintenance

A. Floors should be kept swept and cleaned from boot pit to cupola floor.
Roof or bin decks and other exposed flat surfaces should be kept
clean of grain and dust that would tend to rot or become airborne.

B. Cleaning must be handled in such a manner as not to permit dust to
escape to the atmosphere. (Example: Dust and grain swelt up are to
be conveyed to a source of disposal and must not be swept out of cu-
pola door. Grain and dust must not be shoveled off bin deck to
ground.)

C. The yard and surrounding open areas including ditches, curbs, etc.
should be cleaned before rotting occurs.

De Continuing maintenance of a facility should be practiced, such as
replacing broken glass and keeping spouts and equipment in a dust
tight condition to prevent leakage of dust and graine

3« Receiving Station (Dump Pit)
A. Existing aspiration equipment is to be maintained and operated.
Be Existing dust control devices are to be maintained and operated.

4e Loadout Areas

A. Sleeves or equivalent should be installed on all loadout spouts.
These sleeves are to be of sufficient length to serve the purpose for

{continued)
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TABLE 3. {continued)

which they are installed, ie.es, controlling dirt and dust from
aeration of grain discharging into receiving hoppers, trucks, and
rail carse.

Be To aid in eliminating this leoadout condition, it is recommended
that, where feasible, choke loading is to be used as a normal
operating procedure.

Head House Area

Ae The head house shall be maintained in such a fashion that no visi=
ble dust or dirt is allowed to escape to the atmosphere.

Property

The yard and driveway of any facility should be asphalted, oiled, or
equivalently treated to control dust. This operation is to be done as
often as required.

Housekeeping check lists shall be developed by the manager, and used

to aid in maintenance and housekeeping, (example attached). These check-
lists will be subject to inspection by the Illinois EPA Surveillance
Engineer during routine inspectione.
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TABLE 4, ELEVATOR CHECKLIST (GUIDE ONLY)

Ao

Ba

Ce

D.

Es

Basement

l. Boots pits cleanede.

2e Floors cleaned.

3¢ Walls cleaned.

4e Aspiration in good working order.
Ground Level

le Floors cleaned.
2s Walls cleaned.
Je Aspiration in good working order.
Head House and/or Tank Top
le Floors cleaneds.
2+ Walls cleaned.
3. Aspiration in good working order.
Equipment
le Cyclones are in good operating condition
2+ Air duct is free of holes.
3e Leg discharges are maintained and free of
holes.
4e Spouts are maintained and free of holesa.
5« Pit doors are free and operable.

Elevator Grounds

1.

Area is policed and all trash is picked ups

2« Aspiration in good working order.

YES

YES

YES

s

1

YES

O

NO

NO

NO

NO
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Process factors (F) were identified for three grain elevator emissions
sources:

Loading and unloading 90 1b/ton grain
Grain Screening and Cleaning 300 1b/ton grain
Grain Drying - 200 1b/ton grain

The process weight rates obtained from the equation are present in Table
D-1, Appendix D.

Allowable concentrations of particulate in exhaust gases are limited
by five of the eleven states, The regulations range from 0.02 to 0.1 gr/dscf
of exhaust gas.

Three states have control equipment standards which can be applied to
grain elevators. Two states have regulations which require adequate enclosure
of handling operations. Illineis has the most detailed regulations for grain
elevators. These regulations require capture of emissions from all major
emissions sources and require that these be vented to removal devices of
specified efficiency.

In summary, each of the 11 states had at least two of the types of regu-
lations which might be applied to grain elevators. Even though the regulations
varied considerably from state to state, the initial survey indicates that
there is enough similarity between states to justify the investigation of
possible uniform compliance monitoring procedures. The one regulation iden-
tified during the survey which might present some problem is the preclusion
by Texas regulations from the use of visible emissions regulations for com-
pliance of agriculturally related industries.

In addition, the regulations are identified as either specific to grain
elevators or general industrial process regulations. A review of the data
shows few states have regulations written specifically for grain elevators,

but rather rely on the application of general industrial regulations to
grain elevators.,

CURRENT MONITORING PRACTICES

After the regulations were reviewed, state and local agencies were con-
tacted to determine which regulations are generally enforced, the elevators
and sources subject to compliance monitoring, and a general description
of monitoring activities., The information obtained from these contacts is
presented in detail in Table D-2, Appendix D, and is summarized below.
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In almost all states contacted, visible emissions or opacity standards
are the primary enforcement tool. The level of enforcement of visible regula-
tions ranged from as complaints are registered to a once per year inspectien,
to daily observation by local officials (only at terminal and port elevators).
Even though several states have concentration or process weight regulations,
only North Dakota appears to have required compliance testing. In North Dakota
elevators may show compliance either by testing or by comparison with systems
already in place. The only other enforcement tool used by the states contacted
is an annual inspection with emphasis based somewhat on housekeeping practices.
These may be highly structured lists (as Illincis) or general inspections
(Nebraska). In general, it appears that most states that we contacted do not
have a well-developed program of compliance monitoring for grain elevators.

Several specific meonitoring strategies were identified from contacts
with state agencies which deserve consideration. These are presented below.

1. Illinois has developed a comprehensive housekeeping checklist. It
was included in Tables 3 and 4.

2. Kansas has a program of staggered annual inspections in which an
inspector is in each county once per month. While in the area to inspect
other facilities, the inspector will check grain elevators for visible emis-
sions problems with a drive by observation.

3. Several states have regulartions whereby some level of capture (either
no visible emissions or a certain face velocity at openings)} is required. This
regulation may possibly be combined with a control equipment regulation, pro-
cess weight regulation, or concentration regulation to insure control.

4., (Ciltizen's complaints were identified by several persons as effective
enforcement tools with respect to country elevators.

CONCLUSIONS

Based on the above discussions, several conclusions can be drawn
with respect to the development of compliance monitering strategies. First,
almost all states (Texas and Iowa being the exceptions), use visible emissions
as the primary enforcement tool. A monitoring strategy which does not in-
clude this element will in all probability be seen by state agencies as in-
adequate. Some type of fugitive emission or nuisance regulation is avail-
able to many state agencies and is used as an enforcement tool by several.
Some thought should be given to ways that such régulations can be used as
a part of grain elevator inspections. Finally, almost all states have some
type of mass emissions standard (either process weight or concentration).
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However, only one of 11 states appeared to use this regulation consistently.
Since mass emission standards are the standard most directly related to the
impact of the source on ambient air quality, ways to apply these standards
(short of actual emissions testing) should be examined.
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SECTION 6

DEVELOPMENT OF AN ALTERNATIVE INSPECTION AND MONITORING STRATEGY

The ultimate objective of this study was to develop a streamlined com-
pliance-monitoring strategy for grain elevators which would utilize the
monitoring rescurces in a more cost effective manner than the presently
existing programs under various SIP's, Development of the compliance moni-
toring strategy was accomplished in three stages, First an experimental
strategy, including inspection formats, was developed using the '"Levels of
Inspection" concept. This experimental strategy was then tested through
inspections at 38 grain elevators in the State of Nebraska. Finally, results
of the field evaluation were analyzed and an alternative approach to grain
elevator enforcement and compliance monitoring was developed.

The following sections describe: (a) the initial development and field
evaluation of an alternative compliance monitoring strategy; (b) analysis
of the results of the field evaluation; and (c¢) a description of an alterna-
tive enforcement/compliance monitoring strategy.

DEVELOPMENT AND FIELD EVALUATION OF A COMPLIANCE MONITORING STRATEGY

The underlying principles of the "Levels of Inspection'’ concept as ap-
plied to grain elevators are as follows: (a) the inspection efforts are
broken down into three levels, which differ in depth and time requirements,
(b) the various levels of inspection are scheduled at different times during
the year, taking into consideration the seasonal variations in the volume
of activity, and (c) decisions concerning the level of compliance monitoring
at a particular elevator are based on the potential impact of the emissions
from that elevator on ambient air quality and the status of the vicinity
of the elevator with respect to the attaimment of ambient particulate standards.

The premises outlined above were used to develop an experimental in-
spection ﬁonitoring strategy. The proposed inspection of grain elevators was
broken down to three levels, viz., Level I, Level II, and Level III. The
major characteristics of the proposed inspection strategy are itemized below.
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. 'Depth'" of inspection increases from low to high inspection levels,
i.e2.y, Level T inspection will be cursory and least time consuming,
Level II inspection will involve taking a closer look at indiwvidual

emission points, etcs, and Level IIT will require elaborate examination
of control systems.

+ Depending on estimated total potential emissions, grain elevator
facilities can be grouped into various '"severity'" levels.

. The above '"severity'" levels can then be matched against inspection-
levels, i.e., low severity sources may be ignored for higher level
inspections.

. Inspection will be done systematically and will result in step-by-
step elimination of sources for further monitoring at higher levels
based on "compliance' at any given level.

« Various levels of inspection will be phased out according to seasonal
changes in volume of activity, viz;, harvest season and off-season,
The potential benefits resulting from such phasing out are: easier
and more effective scheduling of inspector's visits to elevators
and savings in elevator operator's time spent with the inspector,
especially during the peak season.

The experimental strategy was then tested through a field evaluation at
elevators in the State of Nebraska in cooperation with personnel from Region
V11 and Nebraska Department of Environmental Resources. The field evaluation
consisted of concurrent Levels I and II inspections of 36 grain elevators of
all sizes. In addition eight larger elevators were inspected twice, once be-
fore and once after harvest using Level III inspection procedures. The results
of the field evaluations were then used to finalize an enforcement/compliance
monitoring strategy.

Details of the experimental inspection monitoring strategy and the field
evaluation methodology are presented in Appendix E, Specific results of the
field inspections were submitted to Region VII in the form of Surveillance
Analysis Reports and can be requested through the regional office,

ANALYSIS OF THE RESULTS OF THE FIELD EVALUATION

The primary objective of the field study was an analysis of the value
of the various levels of inspection and, based upon the results of the
analysis, revision of the monitoring strategy. The original protocol called
for a statistical comparison of the cost and benefits of Level I and Level
I1 inspections, with cost measured in amount of time necessary to complete
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an inspection and benefits measured as the ability of the inspector to correctly
ascertain noncompliance. During the course of the field inspections, it became

apparent that all costs and benefits of the various levels of inspections
could not be sufficiently quantified to be amenable to statistical analysis.
Therefore, the analysis presented below combines subjective analyses based

upon inspector observations with a statistical analysis.

The remainder of the discussion is divided into three sections as fol-

lows:

« Cost of inspections

+ Effectiveness of the inspection in identifying control

equipment and incidences of noncompliance.

+ Additional benefits of inspections.

1t should be noted that the number of elevators inspected using Level III
procedures was insufficient to include that level in the statistical analy-
sis. However, subjective judgments concerning costs and benefits of Level
III inspections have been included in the discussion.

Cost of Inspections

The primary criteria by which inspection costs were evaluated was the
amount of time necessary for a single inspector to complete an inspection.
Initially, the time necessary to complete Level I and Level II inspections

was evaluated for 36 elevators; 12 Class A, 12 Class B, 7 Class C, and 5 Class D

(see Appendix E, pages 112 and 113, for definition of elevator clasges).

The results of the analysis indicate that Level I inspections are sig-
nificantly less costly than Level II, and the cost reduction (or time re-
duced) is a function of elevator type. For the four elevator classes, the

times are shown below.

Time required to conduct
Level I inspection (min)

Elevator class Mean Range
A 7 1-12
B 20 7-45
C 16 5-32
D 29 15-39
27

Time required to conduct
Level I1 inspection (min)

Mean

23
32
65
96

Range

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




It should be noted that the difference in time between Level 1 and Level II
inspections is much greater for Class C and D elevators, This results pri-
marily from the fact that most Class A and Class B elevators had no emission
control equipment, Thus, for these classes of elevators the primary difference
between Level I and Level II was the time required to obtain process data from
the elevator operator.

Each elevator class (except B and ¢ for Level I) possesses a unique
mean inspection time according to a one-way analysis of variance performed
on the data. Individual inspection times vary by about *+ 18 min (Level I)
and + 44 min (Level IT) from the respective means for Level I and Level II.
Because of this wide variance, no numerical estimate of the time difference
between Level I and Level II can be made with any statistical confidence.
However, inspection times for both levels increase on the average according
to elevator class, and Level II inspection time is always greater than Level
I inspection time,

Based on observations made by the inspectors, the lack of correlation
between Level 1 and Level II inspection times is reasonable. The amount of
time necessary to complete a Level 1 inspection is based on elevator size,
amount of activity, and ease of access. In addition to the above factors,
Level II time was dependent upon extent of control application, availability
of elevator personnel, and willingness of elevator personnel to allow plant
access, Given the wide variation in inspection time resulting from these
factors, the lack of correlation is not surprising.

Another factor that affects the cost of Level I and Level II inspec-
tions is the amount of driving time between elevators. In order to examine
this factor, the number of Level I inspections that could reasonably be com-
pleted during a day was examined. First, a route was established for the
Level I inspector that would allow him to inspect the subject elevators in
the same half-day as the Level 11 inspectors. The Level I inspector was then
instructed to perform additional inspections of any elevator along the route,
During one 6 hr day, nine inspections including two Class D elevators, were
performed. During another 8 hr day, 14 inspections (mostly Class B and C)
were performed. Other elevators were sighted during the day but were not
inspected in order to meet the Level II schedule, Based on these observations,
it is expected that at least 12 and possibly as many as 15 to 20 Level I
inspections can be performed in a day. This compares with a maximum of Ffour
Level IT inspections that could be performed,

Limited data are also available on the cost of Level III inspections.
An in-depth type inspection of an elevator fabric filter can require as little
as 30 min or as much as 3 hr. The average time requirements during the study
were 1 hr, 20 min per filter. During the study it was observed that the two
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man inspection teams hecame more efficient after performing two to three
elevator inspections and that a second inspection at the same filter usually
required less time than an initial inspection. Another factor affecting
inspection time requirements is the availability of elevator personnel to
assist the inspection teams in energizing or de-energizing a filter system,
opening hatches, and locking out electrical components. During the study,
PEDCo inspectors were required to wait 20 min at one elevator and 1 hr at
ancther for a plant maintenance man to assist in the inspections. Both of
these delays occurred at country elevators during the harvest season.

An in-depth style inspection requires field equipment costing between
$500 and $750, Items required include pitot tubes, portable magnehelic guages,
a clamp-on ammeter, a phototachometer, a dial thermometer, plus miscellaneous
hand tools. Inspectors should also carry proper safety equipment including
hard hats, ear protection, dust respirators, and safety goggles and they
should be instructed in safety procedures to be used during confined entry
situations and in areas subject to dust explosions.

Cne additional cost factor is the number of persons required to conduct
the inspection. Level I inspections can be conducted by only one inspector
and require no assistance from elevator personnel. Level II inspections can
also be performed by one person. However, for reasons of safety, it is neces-
sary that the inspector be accompanied by elevator personnel or by another in-
spector. Level III inspections require two persons to conduct the inspection
and the assistance of one elevator operator to operate the control equipment.

Effectiveness of Inspections

The comparison of the effectiveness of Level I and Level II inspections
was judged by two criteria: (1) the ability to locate and monitor control
device exhausts; and (2) the ability to accurately determine compliance status.,
The ability of the inspector to locate and monitor control device exhausts
was first measured by the number of control devices at an elevator and the
number of control devices in use, However, the number of control devices
in use were found not to differ significantly from a random subset of the
total number of control devices. Therefore, the measure was reced to simply
the number of control devices identified. The results of the analysis are pre-
sented below.

There is a significant association between Level I and Level II findings
on identifying the number of control devices. Level I inspections recorded
74% of the control devices (63/85) recorded in Level II inspections, with
five false positives and 27 false negatives., Therefore, a Level I identifi-
cation provides a good estimate of the number of control devices installed.

The number of control devices is dependent on elevator size so that
cost/benefit expressions were related to elevator class. Specifically:
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. For Class A elevators, Level I will identify 50% of the control de-
vices with no false positives. {(Note that since only two control
devices were identified in Class A, the results are questionable.)

For Class B, Level I will identify 100% of the control devices with
16% false positives,

For Class C, Level I will identify 88% of the control devices with no
false positiwves.

. For Class D, Level I will identify 68% of the control devices with 10%
false positives.

The results presented above were supplemented by the following observa-
tions of inspectors. First, as suggested by the data, control equipment is
often difficult to locate in Class D elevators as it is often located be-
tween rows of bins or on top of dump pits not visible from the property line,
Second, Level I inspectors noted that for all size elevators, the operating
status of control equipment with no visible emissions located on top of the
headhouse could not be determined., Thus, the Level I inspector could not
determine whether the equipment was operating in compliance or not operating.
Thus Level I inspection often can only determine that the source is ''not
operating out of compliance' rather than that the source is in compliance.
The ability to make such a determination is a benefit of Level II which can-
not be measured statistically.

The second evaluation criteria was the ability of the inspection to
determine compliance. As indicated earlier, the levels of inspection con-
cept assumes that any elevator out of compliance at Level I will be out of
compliance at Level IL. Therefore, the relative effectiveness of Level I
and Level II were examined by statistically testing Level 1 as a predictor
of Level II. Only about 17% (7/36 by Level I, 5/36 by Level II) of the ele-
vators were determined out of compliance. The proportion does not vary sig-
nificantly with elevator class, based on the X2 test, In other words, the
compliance factor is independent of elevator type. This statement must be

somewhat tempered by the fact that the sample size is small for identifying
any such variation,

Of the seven Level 1 "“positives' and the five Level II '"positives,"
only one match (elevator where both methods agree on out of compliance) is
observed, This one occurrence can be expected by chance (35/36), In other
words, the result of a Level I inspection does not predict the outcome of
a Level I1 compliance determination.

Based on the above analysis, the immediate conclusion is that Level
I inspections are of little value in predicting compliance (assuming the
Level 11 conclusions are the ''true'' indicator), However, a more careful
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analysis of the data leads to a different conclusion. Of the 11 cases of non-
compliance identified during Level I and Level II inspections, all were a re-
sult of emissions from an uncontrolled scurce, either an elevator with no con-
trol or an uncontrolled operation at an elevator with some control. Thus, all
controlled operations were found to be in compliance by both Level I and Level
IT data. :

The information presented above leads to a revision of the original
conclusion. For controlled grain elevator operations, the data gathered dur-
ing the field program are not sufficient to determine the relative effective-
ness of Level I and Level II inspections in enforcing against opacity vio-
lations. This lack of data on controlled -elevators resulted in part from
an incorrect assumption during the development of the protocol that all Class
B and some Class A elevators would have some type of emissions control. The
lack of data was also a result of the absence of noncompliance for controlled
elevator operations,

For uncontrolled sources, several conclusions might possibly be reached,
The first is, as before, that Level I inspections are of no value in pre-
dicting noncompliance (again assuming Level II identifies ''true' noncompliance).
However, if the data are analyzed under the assumption that both Level I
and Level II correctly identify "true'" noncompliance, a different conclusion
is reached. The conclusion is that for uncontrolled grain elevator opera-
tions, noncompliance with respect to wisible emissions, is not a continuocus
status but is a discrete occurrence, dependent on a factor or factors other
than the specific operation.

This conclusion is supported by inspector observations and comments
from elevater and control agency personnel. During the inspection of one
elevator, a MRI inspector observed a series of four truck dumps into a pit
open on all four sides, Opacity ranged from less than 10% to 50% with two
loads in violation of the 207 standard and two loads in compliance. In ad-
dition, elevator and control agency personnel identify some grains as being
dustier than others. All this appears to indicate that determination of non-
compliance of uncontrolled sources based on opacity will be a somewhat ran-
dom selection and may often be dependent upon factors outside the elevator's
contrel., This conclusion is supported by the results of Level I and Level
I1 inspections,

The above analyses lead to the following conclusions:
» Level I inspections can be performed in much less time
than Level II inspections {with possibly three to four

times as many inspections performed on a daily basis).

. Data are insufficient to compare the effectiveness of
Level I and Level II with respect to controlled operations.
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. Determination of visible emissions compliance of uncon-
trolled sources (by Level I or II) will probably result
in a random selection of elevators for enforcement action,
regardless of level used.

Other Benefits of Inspections

Observations of the inspectors indicate that Level II and Level III
inspections have benefits which were not measured as part of the analysis
performed above., Level II has two additional advantages over Level I. First,
as indicated earlier, access to the control equipment will allow the inspec-
tor to determine if the equipment is operating in compliance or not operat-
ing. If the equipment is not operating, it is possible for the inspector
to request that the system be started to ascertain that it is at least me-
chanically operable. In light of the condition of some of the equipment in-
spected, this knowledge is certainly beneficial.

The other advantage of Level II is that by entering the elevator, the
inspector will obtain some information on operating practices. Poor house-
keeping or excessive dust around ventilated operations are signs of possible
control problems. An elevator in which such conditions exist should be moni-
tored carefully.

One additional observation of the Level II inspectors was that coopera-
tion was generally hard to obtain., It was felt that this was due primarily
to the harvest time demands on the operator. It is recommended that Level
11 observations not take place during harvest.

The benefits of Level III inspections were not considered as a part
of the statistical analysis. However, several advantages of the procedure
were identified by the Level III inspectors, including a determination of
noncompliance with the malfunction regulation which was not identified by
Level I and Level II inspections. Other benefits of the Level III inspec-
tions are described below,

The in-depth Level III procedures uncovered many fabric filter prob-
lems that were not apparent after the Levels I and II procedures had been
completed. Seven filters were not visible from outside the plant boundaries
(Elevators 1, 2, 4, and 8) and consequently could not be evaluated by Level
I procedures, Level III inspections uncovered five faulty differential ma-
nometers which appeared to be operative when judged by Level II procedures
(Elevators 4, 5, 6, and 7). Finally, the Level III procedures uncovered seri-
ous bag blinding and hopper plugging problems at one filter, which were not
apparent after the Level II inspections (Elevator 8). Discovery of the blind-
ing and plugging problems prompted the management of the elevator to ini-
tiate early repairs. These malfunctions may not have otherwise been discov-
ered until the filter system had deteriorated into further disrepair.
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The in-depth inspection seems appropriate for establishing base-line
operating data for a properly operating filter system. Measured base-line
values for fan power usage, fan rotation speed, pulse air tank pressure,
or differential pressure across the filter medium can be used for compari-
son at a later date to provide a quick indication of operation or mainte-
nance preblems in the filter. The in-depth inspection can be used to docu-
ment broken or missing bags, blinded bags, plugged hoppers, or poor bag
cleaning; these problems often contribute to increased process or fugitive
emissions., Finally, the in-depth inspections will indicate the overall level
of maintenance performed on a filter. Estimates of filter reliability can
be made by noting the condition of the filter and its appurtenances such
as the fan, dust conveyors, and instrumentation. Evidence of poor mainte-
nance is an indication that the reliability of a filter is low and that the
inspector should schedule frequent visits to the facility.

AN ALTERNATIVE APPROACH TO ENFORCEMENT AND COMPLIANCE MONITORING

The experimental compliance monitoring strategy was modified to reflect
the information obtained from the field evaluation, As a result of the dif-
ficulties encountered in applying the original strategy during the field
inspections, it was decided that a general enforcement/monitoring approach
should be developed. In addition it was decided that a generalized approach
to developing an enforcement/compliance monitoring strategy had greater

"~ value than developing a detailed strategy. The following discussion ocutlines

the key elements of the approach, the approach is then applied to those
elevators inspected during the field evaluation.

The initial focus of the approach is the precept that a compliance
mouitoring strategy cannot be developed apart from an overall enforcement
strategy. The inspection of Class A elevators in Nebraska for visible emis-
sions regulations in the absence of a commitment to contrcl these elevators,
even if a violation occurred, is an example of the fallacy of inconsistent
monitoring and enforcement strategies, Thus, before a monitoring strategy
is developed, the basic enforcement approach should be known,

The two elements of enforcement policy which must precede compliance
strategy development are the criteria upon which compliance is determined
and the desired enforcement response to a noncompliant source. Compliance
criteria include:

« Regulations to be enforced

« Facilities subject to enforcement

« Operations subject to regulation
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Possible enforcement reactions include:
« Fine for noncompliance
» Require additional contrel on noncompliant operation

» Prohibit source from operation until noncompliant
problem is solved

o+ Allow source variance from compliance

The development of a specific enforcement strategy for grain elevators is
not within the scope of this study. However, the data compiled from the lit-
erature and the field evaluation lead to several observations which may be
useful to federal, state, and local officials in developing specific strate-
gies.

It is quite likely that any enforcement strategy will depend heavily on
visible emissions regulations. Two factors should be given careful consider-
ation in determining the role of visible emissions regulations in the enforce-
ment strategy. First, data from the field evaluation indicate that short term
observation of opacity at an uncontrolled source is not an indicator of the
continued compliance status at that sgurce. All uncontrolled sources have the
potential for incidences of opacity violations. Thus, it is recommended that
enforcement of compliance for uncontrolled grain elevator operations not be
based on visible emissions regulations.

A second factor to consider is the relationship between opacity and grain
loading. Data from Section 4 indicate that a frain loading of 0.025 gr/scf or
less is needed to attain an opacity of = 20%.la/ This makes an opacity regula-
tion of 20% more stringent than any of the concentration regulations identi-
fied. In addition, data from Appendix B (Tables B-8, B-9, B-10, and B-1l1)

FomAdd mmtman i o oa.
LitdiLL.dbt Gila. WD L L.y

1e3 operating at 85 to 97% efficiency cannot produce

a concentration of £ 0.025 gr/scf. As a result, cyclone cutlets will quite
likely wviolate a 20% visible emissions regulation. It is apparent, then, that
a 207 opacity regulation for all sources will ferce the use of fabrie filters
on all grain elevators. Given the maintenance problems associated with fabric
filters at small elevators that were found during the field evaluation, the

requirement of fabric filters at all elevators may not lead to best continuous
control of grain elevator emissions.

-1 -
(SR

Also investigated during the study was the use of emission factors to en-
force process weight regulations. Three basic problems were encountered.
First, the range in emissions factors is so large that the use of an average
emission factor for a particular elevator is questionable. Second, if the
average emission factors are used (about 10 lb emissions/ton of grain handled)

34




P

every uncontrolled elevator is noncompliant with all process weight regula-
tions identified during the study. Finally, no feasible method was found to
determine control system efficiency to enforce the process weight regulations
for controlled sources. It does not appear to be feasible to enforce process
weight regulations except through emissions testing of controlled operations.
In addition, random application of process weight regulations, in the absence
of other criteria, to force installation of control systems will result in
uneven enforcement.

Given the problems associated with enforcing opacity and mass emission
regulations, 1t is suggested that an initial determination be made on the de-
gree of control required feor a particular elevator. Such a determination
should specify the operations to be controlled and extent of control required.
The basis for the determination may include such factors as elevator size,
elevator location, the potential emissions from various operations (based on
emission factors), and the degree of emissions reduction anticipated from the
control option. The criteria described above can be combined in a number of
different decision-making scenarios that may be appropriate for a particular
jurisdiction. It is important that an agency develop a decision scheme that
can be applied uniformly (or at least on a logical basis) to all grain eleva-
tors located within the agency's jurisdiction.

Finally, the results of the field evaluation indicate that visible emis-
sions are an adequate initial indicator of compliance for controlled opera-
tions, However, Level III inspections indicate that other enforcement tools
may be necessary to insure proper continuous functioning of the control
equipment., It is suggested that an enforcement strategy be based on a com-
bination of opacity regulation and some type of housekeeping/equipment regu-
lation which would regulate proper operation and maintenance of control
equipment,

After the enforcement strategy has been completed, a compliance moni-
toring strategy can be developed. The results of the field evaluation in-
dicate that the Levels of Inspection concept has value in saving inspection
time and providing a reasonable analysis of compliance. However, the initial
scheme was modified to reflect the results of the field evaluation.

A suggested inspection matrix is shown in Table 5., The matrix is based
on the following premises in addition to the basic precepts described earlier:

le Uncontrolled emissions sources are not monitoried for compliance with
fugitive dust and opacity regulations.

2, Level II and Level III inspections should never be performed on
country elevators during harvest season,.
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3+ Level I and Level II inspections should obtain sufficient data to
assure that the status of the grain elevator with respect to control re-
quirement criteria has not changed,

It is suggested that the monitoring strategy also include a form to
be mailed in annually by operations. This form (referred to as "Level 0")
would provide the data on which control/no control decisions are based. The
Level I and Level II inspections can be used to check submitted data.

- Based on the above considerations, an alternate inspection monitoring
strategy was developed for those elevators inspected during the field evalua-
tion. This strategy does not reflect the practices of any particular state
or local agency nor is the specific strategy necessarily recommended practice
for state or local agencies. Rather, it is included to illustrate the type
of decision making process that can be used in the development of an enforce-
ment/monitoring strategy.

The general monitoring strategy for the elevators inspected during the
field study 1s presented in Figure 2, To develop this monitoring strategy,
the following assumptions were made regarding the enforcement strategy.

« All Class A elevators and those Class B elevators located
in attaimment areas require no emissions control. All other
elevators will require some type of emission control,

+» Regulations are available which can require installation
and proper operation of control equipment.

» Visual evidence of excess dust or inefficient capture in
the vicinity of controlled operation is evidence of improper
operation and a violation of regulations.

"Level 0" information forms which con-

L
a to characterize elevators regarding control re-
quirements.
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Figure 2 - Revised compliance monitoring strategy.
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APPENDIX A

GRAIN ELEVATOR INDUSTRY CHARACTERIZATION
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INTRODUCTION

Grain elevators are inwvolved in the transfer, conditioning, and storage
of grains and other agricultural products (primarily soybeans) as they are
passed from the farmer to the final processing or exporting facility. As
a result of the dispersal of agricultural operations throughout the country,

the grain elevator industry potentially impacts on the ambient air quality
throughput in the United States,

This section presents the background data on the industry which can
be used to help determine the impact of the industry on various areas of
the country. The first subsection provides a brief description of the in-
dustry structuree. The second section describes the operations which can be
found in a typical grain elevator.

INDUSTRY STRUCTURE

The primary function of the grain elevator industry is to assist in
the movement of grain from the farmer to the processor or exporter, Although
the operations conducted at each grain elevator are similar, the elevators
are divided into various classifications according to their size, source
of grain, and destination of shipments. The paragraphs below describe the
classification system that is used for grain elevators and identify charac-

teristics such as size, location, and number of elevators associated with
each class,

The U.S., Department of Agriculture identifies two classes of elevators;
country and terminal, on the basis that terminal elevators furnish USDA
official weights under the supervision of a state inspector. However, the
generally used definitions are not so precise. Couhtry elevators are defined
as those elevators which receive the bulk of their grain directly from the
farm., Terminal elevators are those which ship grain directly to a processor
or cxpert the grain, These elevators are often classified as either port
or inland terminals, These classifications methods result in a third class
of elevators, subterminals. These are elevators which receive the bulk of
their shipments from country elevators, but still receive a significant amount

of grain from farms. These elevators ship grain to terminal elevators or

directly to processors. Lt must be noted that these definitions are not precise

and there is some ambiguity in classifying grain elevators.

In general then, grain moves from the farmer to a country elevator.
From there, it goes to a terminal elevator (possibly through a subterminal)
and is then shipped to a processor or exported., Typical pathways for wheat,
feed grains, and soybeans are shown in Figures A-1 to A-3.
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Precise data are not available on the number, size, and location of
grain elevatorss The USDA has contracts with many elevators to handle govern-
ment and price supported grain. The number and capacity of these elevators
on a state basis is presented in Table a-1.1%/ 4 rotal of 6,287 country ele~
vators and 381 terminal elevators are reported by USDA. However, an earlier
study by MRI compared the number of country elevators reported by USDA to
those listed by State feed and grain associations for 13 of the largest grain
producing states.2/ The associations reported 1,306 times as many country
elevators as the USDA. Using this multiplier, the total number of country
elevators is estimated to be 8,210. A document prepared by the National Grain
and Feed Association in 1977 indicated that there were 540 terminal elevators
divided into 413 inland terminals, 45 high throughput terminals, and 82 port
terminals.li/ Thus, the total number of existing grain elevators is estimated
to be gbout 9,000, We are aware that state and local agencies may have more
accurate estimates of elevators. However, such detailed analysis was not
within the scope of this study. Additional studies are being conducted by
EPA to obtain better identification of grain elevators,

Based on the data in Table A-1, the average storage capacity of country
elevators is about 6 x 10° bushels and the average capacity of terminals

is about 4.4 x 10° bushels, However, there is significant variation in capacity

across the industry. Reference 2 estimated the percentage of country ele-
vators in each size category as follows:

'Elevator size Percent of
(103 bu) country elevators
0-100 308
101-400 45,3
401-600 3.9
601-2,000 1440

Terminal elevators also vary in size. Capacities in excess of 30 million
bushels have been built at a single location. This includes bins, storage
tanks, and storage in warehouse type facilities which have been added to
the original facility. One facility has a total of 18 million bushels capacity
under one roof.=

Another measure of ''size' of grain elevators is the annual throughput,
i.e., the total amount of grain handled by an elevator during a year. The
ratio of grain handled to capacity varies between elevators and at each ele-~
vator from year to vear, The variation at country elevators is primarily
dependent upon the amount of grain harvested in the area during the particu-
lar year and upon the accessibility of shipping capacity to the elevator.
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TABLE A-1.18/ NIMBER AND LOCATION OF GRAIN ELEVATORSZ'

Country elevators

Terminal elevators

Capacity Capacity
Location Number (103 bu) Number (103 bu)
Region I 1 228 - -
Connecticut - - - -
Maine 1 228 - -
Massachusetts - - - -
New Hampshire - - - -
Rhode Island - - - -
Vermont - - - -
Region II - - 6 34,850
New Jersey - - - -
New York - - 6 34,850
Region III 13 6,405 7 22,284
Delaware 4 2,930 - -
Marvland 3 1,046 2 9,370
Pennsylvania 5 25399 2 2,621
Virginia 1 30 3 10,293
West Virginia - - - -
Region IV 202 120,450 10 33,355
Alabama 18 14,544 - -
Florida 5 2,607 - -
Georgia 52 21,332 - -
Kentucky 17 10,945 3 9,787
Mississippi 24 16,278 3 15,681
North Carolina 30 22,829 1 497
South Carolina 26 8,300 - -
Tennesseae 30 23,615 3 74390
Region V 1,507 957,117 S0 441,018
Illinois 608 523,189 22 122,604
Indiana 147 105,645 6 40,462
Minnesota 488 186,800 30 148,279
Michigan 83 37,983 3 12,023
Chio 144 88,846 22 72,107
Wisconsin 37 14,654 9 45,540
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TABLE 4-1.16/ (Concluded)

Country elevators Terminal elevators
Capacity : Capacity
Location Number (103 bu) Number (103 bu)
Region VI 763 682,605 90 441,757
Arkansas 101 128,731 8 39,917
Louisiana 27 . 22,493 ) 39,679
New Mexico 14 16,205 - -
Oklahoma 202 118,826 15 76,859
Texas 419 396,350 61 288,302
Region VII 2,351 1,412,574 132 583,443
Iowa 766 496,525 23 55,514
Kansas 805 472,363 56 320,720
Missouri 168 92,494 20 80,281
Nebraska 582 - 351,192 33 126,928
Region VIII 1,161 304,551 23 45,877
Colorado 92 55,478 6 13,292
Montana 218 42,719 4 4,405
North Dakota 516 124,548 7 16,226
South Dakota 314 77,720 1 24242
Utah 3 970 5 9,712
Wyoming 18 3,116 - -
Region IX 43 49,070 5 20,140
Arizona 13 10,106 - ~
California 30 38,964 5 20,140
Hawaii - - - -
Nevada ) - - - -
Region X 243 231,331 16 51,180
Alaska - - - -
Idaho 113 55,722 1 732
Oregon 50 38,511 5 14,369

Washington 83 137,098 10 36,079

a/ The elevators represented in this table are those having Uniform Grain
Storage agreements with the U.S. Department of Agriculture. The number
of country elevators reported is generally low. A better estimate can
be obtained by multiplying the number of country elevators by a factor
of 1.306 (see text). WNote that the number of terminals may also be low
according to estimates of National Feed and Grain Dealers Association
shown on p. 43.
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The volume of grain handled by inland terminals is dependent upon a
number of factors, such as quantity of grain harvested, Commodity Gredit
Corporation movements of grain, quantity of exports, and marketing channels
used by grain merchants and processorse. In addition, the gquantities of grain
handled by a specific terminal elevator are affected by transportation and
location factors. Because of favorable transportation rates, greater quanti-
ties of grain are being shipped from inland terminals by barge. As a result,
terminals which are located on navigable waterways are handling a relatively
greater volume of grain than terminals which have avallable only rail and
truck transportation.

15/

Typical ratios of grain handled to storage capacity are shown below:==
Country elevator 2.0:1
Inland terminal lob:l
Port terminal 74611

GRAIN ELEVATOR OPERATIONS

Countrvy Elevators

The definition of a country elevator appears to be somewhat arbitrary.
However, for the purposes of this discussion, a country elevator will be
defined by the following characteristics:

ls Receives grain by truck only, primarily from farmers,
2. Receiving leg handling capacity of 10,000 bu/hr or less,
3. The stored grain is shipped out by truck and/or rail,

Country elevators range in storage capacity from 15,000 bu to more than
2 million bushels, These elevators receive and store the grain with subsequent
shipment to terminal elevators, mills, and other processing plants. In addition
to storage, the country elevator sometimes includes facilities to clean the
grain or to dry it or both,.

The grain received at the country elevator is primarily received from
the farms that are within a 10-12 mile radius. The trucks which transport
the grain from the farm to the elevator usually range in size from 50-300
bu with the average capacity being 200 bu.

The country elevator often consists of upright concrete bins, but wooden
bins and flat storage are also common. A cut-away diagram of a representative
upright country elevator is shown in Figure A-4, These elevators are usually
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designed to make maximum use of gravity flow to simplify the operation and
minimize the use of mechanical equipment. The major piece of mechanical equip-
ment required is the bucket elevator, or "leg," which elevates the grain

to the top of the elevator where it is discharged into the distributor head
and then directed to the desired bin or into the scale for direct load out.
The section of the elevator which performs these functions is referred to

as the "headhouse."

The first step in handling the grain after it arrives at the elevator
is to weigh-in the loaded truck. After weigh~in, the truck is driven to the
unloading station which is often a drive-through tunnel in the center of
the elevator similar to that shown in Figure A-4, The trucks are usually
unloaded by lifting the front end of the truck with an overhead wench system
or hydraulic platform. This causes the grain to f£low out the opening in the
back of the truck from which it falls through a grating into the receiving
pit hopper. Following completion of the unloading and lowering of the truck,
the truck is driven back to the scales and reweighed to determine rhe quantity
of grain received,

The grain dumped into the receiving hopper usually flows by gravity
to the bottom of the bucket elevator (i.e., the elevator boot), In some cases,
the grain is transported from the receiving hopper to the boot by means of
belt, drag, or screw CONVeyors.

The receiving leg, averaging 5,000-7,000 bu/hr, elevates the grain to
the top of the headhouse where it is discharged through the distributor head.
The distributor head is positioned to direct the grain into the appropri-
ate storage bins or to the cleaning equipment. Grain received from the farm
usually contains a variety of impurities and a cleaning operation is some-
times performed prior to sending the grain to storage bins. Various types
of screens and aspiration systems can be used to clean the grain.

To remove the grain from the storage bins for load out, it usually flows
by gravity back to the elevator boot and is reelevated and discharged through
the distributor. This time, however, the distributor may direct the grain
in any of three possible ways:

l. The grain may be directed to the interstice bin located directly
above the drive-through tunnel and the waiting truck may be loaded at the
same position where unloading takes place.

2. The grain might also enter the distributoy and fall directly through
the load-out spout to a waiting truck or railroad car,

3o The grain is directed to a scale hopper, batch weighed in the scale,

and then released through a load-out spout to a waiting truck or railroad
Car.
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An alternate method of loading that is sometimes used is direct loading
from individual bins by means of spouts that protrude through the walls of
the bins. The usual procedure in this case is to use the scale hopper for
both trucks and railroad cards and the interstice bins above the drive-through
tunnel for trucks.

The design of many country elevators is similar to that shown in Figure
A-4, but many often include an annex storage facility. This annex may consist
of several additional bins or a "flat storage'" tank or building. In either
case, both of these usually serve only as extra storage capacity. This con-
figuration requires installation of a gallery belt and "tripper' to convey
the grain from the discharge of the receiving leg to the annex storage bins,
and a ""tunnel belt" under the bins to convey the grain from the bins back
to the boot of the elevator leg.

Certain grains, especially corn, must be 'dried'" before long-term stor-
age, Elevators that receive grain for long-term storage are equipped with
grain drying facilities. Grain dryers generally require the addition of a
second leg to elevate the wet grain from intermediate storage bins to the
top of the dryer, and a means of conveying the dried grain from the dryer
back to the primary leg for elevation to final storage. Grain dryers come
in a wide range of capacities, and the size installed in country elevators
is dependent upon the quantity of wet grain that is expected to be processed.
A typical installation would probably be one dryer with a capacity of 500~
1,000 bu/hr.

Terminal Elevators

For the purposes of this discussion, a terminal elevator is assumed to
have the following characteristics:

Receives grain by truck and rail and may include receiving by barge

L
e
ated on a navigable river

1
= -
1L S

- T -~
'y LW/

2« Receiving leg capacity of 35,000 bu/hr or more.
3« Grain shipped by rail, barge, or ship.

Terminal elevators can be subdivided into at least the following cate-
gories:

ls 1Inland terminal elevator--functioning as a storage or transfer house.
Some of the receipts or shipments may be by barge in addition to rail and
truck.
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2. Export terminal elevator--~located at a seagport, Receives-grain by
truck and rail and possibly barge with shipments by ship,

Storage capacities in terminal elevators are typically in millions of
bushelss Capacities in excess of 50 million bushels have been built at a
single location. These can include bins added to an original structure or
storage in warehouse-type buildings--so-called "flat storage.' The largest
capacity at a single location under one headhouse is 18 million bushels.

The primary sources of grain received at many terminal elevators are
the country elevators. One of the major functions of the terminal operation
is to receive the differing grades of grain from the country elevators and
to blend these grades so they are suitable for shipment from the terminal
to the processor or user.

Another major function of some of the terminal elevators is to receive
grain from surrounding country elevators and to ship this grain to other
terminal elevators. These are sometimes referred to as "subterminal eleva-
tors' and they usually handle large quantities of grain thereby gaining advan-
tage of lower freight rates for large rail shipments or shipment by barge.
These elevators may handle up to 20 times their storage capacity each year.

The export terminal elevators receive much of their grain from inland
terminal elevators, and these grains are blended and loaded into ships for
eXport.

Because of the large storage capacity and high grain handling rates
in terminal elevators, belt conveyors are generally used to move grain in
these elevators, Flgure A-5 illustrates a flow diagram for a representative
terminal elevator. The steps in the grain-handling process at a terminal
elevator are similar to those in a country elevator. The first step is the
unloading of semitrailer trucks, box or hopper railcards, and, in some cases,
barges, The truck unloading system usually consists of one or two (or more)
drive-through unloading sheds located alongside the elevator. The semitrucks
are driven into the shed and onto a hydraulic lift platform with the back
of the truck positioned over the unloading grate. The hydraulic 1ift is then
raised to tilt the truck and the grain flows out the back, through the grate,
into the receiving pit., The grain is transported from the recelving pit
or hopper by belt conveyor (or in some cases, by screw or drag conveyor)
to one of the belt conveyors or elevating legs in the basement of the ele-
vator. The truck receiving hopper may have a capacity of 1,000-1,200 bu
which is sufficient to handle the largest trucks,

Railroad cars are unloaded by spotting the cars over the grates that

are between the tracks alongside the elevator. Sometimes these car unloading
areas are fully enclosed, but more often they consist only of a roof over
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the unloading area. The hopper cars are unloaded by opening the doors in
the bottom of the car and the grain flows through the between-track grating
into the receiving hopper., There are two variations in the hopper car un-
loading systems. In some cases, the receiving hopper is comparatively small
and it quickly fills up and blocks the bottom outlet of the hopper car. In
the latter instance, the grain continues to flow out of the car at the rate
which the conveyor beneath the receiving hopper carries the grainm out of
the receiving hopper. This latter type of unloading is termed 'choke un-
loading" and can considerably reduce the quantity of dust generated during
unloading in comparison to the other unloading system where all of the grain
free-falls into the receiving hopper.

Boxcars are generally unloaded by some method of shoveling the grain
out of the car door from which it falls through the grating alongside the
track, into the receiving hopper. "Power shovels,' consisting of a plowboard
attached to a mechanically driven cable, are often used for this purpose.

At some terminal elevators, where a considerable number of boxcars are re-
ceived they may be unloaded by means of a mechanical unloader which clamps
the car to a section of track and mechanically rotates and tilts the car.,
With this system, the grain cascades out of the car door into a receiving
hoppere. The grain is transported from the receiving hopper to the basement
of the elevator, usually by means of a belt conveyor.

Barge unloading, where applicable, is usually accomplished by a bucket
elevator (marine leg) that can be lowered into the heolds of the barges. At
the top of the leg, the grain is discharged onto a series of belt conveyors
that carry the grain to the elevator proper. Capacity of the barge unloading
system at a terminal elevator can range between 18,000-75,000 bu/hr, although
the average is 25,000-30,000 bu/hr,.

After the grain is unloaded from cars, trucks, or barges, and trans-
ported to the basement of the elevator, it may go directly to the boot of
one of the legs or it may be transferred onto one of the basement conveyors
that carry it to the boot of the leg. These legs have an average capacity
of about 353,000 bu/hr and a large terminal elevator may have up to four or
more legse

At the top of the leg, the grain is discharged into a distributor, or
some system of movable spouts, so that the grain may be directed ontc one
of the gallery belts, into a scale garner for weighihg and load out, or into
cleaning equipment. If the grain 1s directed onto a gallery belt, it is con-
veyed across the top of bins (gallery area) to a '"tripper'" which discharges
the grain into the proper storage bin,

The grain may be withdrawn from one bin, or from several bins simul-
taneously, by means of slide valves at the bottom of the bins. The grain
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falls onto a tunnel belt leading back to the legs. If the grain is to be

loaded out, it may enter the leg and be discharged to the scale garner or
may be discharged directly into one of the load-out spouts for railecars or
trucks, If it is to be loaded into a barge or ship, it may by-pass the leg

and fall onto the first of a series of conveyors that transport it to the
barge or ship loading spouts.

The loading of semitrailler trucks at terminal elevators is similar te
that at country elevators except that grain is loaded at a faster rate. The
loading area at terminal elevators is often partially enclosed, but it is
usually left open at both ends,

Hopper car loading is accomplished in much the same manner as truck
loading. However, boxcar loading is a different matter because a high velo-
city must be imparted to the grain as it passes through the loading spout
in order to throw the grain to each end of the boxcar.

Barge or ship loading operations generally require conveying of the
graln from storage bins to special loading spouts. In most cases, these load-

ing spouts are located at barge or ship piers some distance from the elevator
itself.
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APPENDIX B

GRAIN ELEVATOR EMISSTONS
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Grain handling in an elevator includes grain receipt, transfer, storage,
internal turning, and final shipment. Some elevators clean the incoming grain
of foreign matter (FM) and also dry the grain. Virtually every operation
in an elevator is a source of particulate emissions due to the dusty nature
of grain as well as due to the dirt picked up by grain during harvest and
transport. There is a significant difference between atmospheric emissions
arising from grain elevator operations and those of other industries; namely
the majority of emissions are due to material handling rather than material
processing. Furthermore, some of the sources are of a "fugitive' type. That
is, the emissions are those that become airborne because of ineffective or
nonexistent hooding or pollutant containment systems rather than those that
escape from an air pollution control device. Another characteristic of emis-
sions from grain elevators is the intermittent nature of many of the specific
operations and the day-to-day variability of emissions from a specific opera-
tion. A discussion of emission factors and dust characteristics is presented
below,

EMISSICN FACTORS FOR ELEVATOR OPERATIONS

Existing data on dust emissions and corresponding particulate emission
factors for grain elevators are sparse, The available information consists
of gross estimates or material balances for elevator operations as a whole,
or were based on a few shortterm tests on certain specific operations. As
a result, the available data are inconsistent with respect to their deter-
mination procedure and hence the emission factors vary over rather a wide
range., Also, potentially contributing to the wide range in available data
are the many process factors which affect the quantity of emissions. These
factors include:

+ Type of grain being handled

« Quality or grade of the grain

+ Moisture content of the grain (usually 10-30%)

« Amount of foreign material in the grain (usually 5% or less)

« Amount of moisture in the grain at the time of harvest (hardness)

o Amount of dirt harvested with the grain

« Degree of enclosure at loading and unloading areas

+ Type of cleaning and conveying

» Amount and type of control equipment, if any.

.



— - - _ — -

R g e s

Table B-1 presents a comparison of data from various literature sources,
The data reported are based on different methods of determination as identi-
fied by the footnotes of Table B-1l, Data from Reference 1 (in the table)
represent closest approximation to direct experimental determination of
emissions and are based on the weights of dust collected from fabric filters
controlling the emissions from the various individual operations. The emis-
sion factors are composite for the four most common types of grain, viz,
corn, wheat, milo, and soybeans. The effect of the grain type on long temm
emission factors was found to be statistically insignificant, even though
it is a common belief of elevator operators that soybean and milo emit more
dust than corn or wheat., The effect of grain type of dust emissions was found
to be somewhat pronocunced on a short-term basis, i.e., emission factors deter-
mined when loading/unlecading a particular grain showed differences between
grain types.

Table B-2 presents the best average values along with the range of the
low and high values for emission factors for the individual operations based
on the available data, The average emission factors are approximate values
intended to be representative of a variety of grain types but actual emis-
sion factors for a specific source could be different, depending on the vari-
ous factors discussed above.

The emission factors shown in Table B-2 represent the amount of dust
generated per ton of grain processed through each of the designated opera-
tions (L.e., uncontrolled emission factors). Amounts of graln processed through
each of these operations in a given elevator are dependent on such factors
as the amount of grain turned (interbin transfer), amount dryed, and amount
cleaned. Because the amount of grain passing through each operation is often
difficult to determine, it may be more useful to express the emission factors
in terms of the amount of grain shipped or received, It may be assumed that
the amount of grain shipped and received are about the same over the long
term. Emission factors from Table B-2 have been modified accordingly and
are shown in Table B-3 along with the appropriate multiplier that was used
as representative of typical ratios of throughput at each operation to the
amount of grain shipped or received. The ratios are different for different
types of elevators--terminal and country--and are based on a survey of many
elevators in the U,Se. as reported in Reference 2. However, operating practices
in individual elevators are different, so these ratios, like the basic emis-
sion factors themselves, would be more valid for a group of elevators rather
than individual elevators.
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TABLE B~-1. COMPARISON OF EMISSION FACTOR DATA

Emission factor, 1b dust/ton grain processed

Operation Ref. 1 Ref. 2 Ref. 3 Ref. 4
Truck unloading 0.64 2.0 1.0 0.8
Car unloading 1.30 1.0 1.0 0.7
Car loading 0.27 1.0 1.0 1.1
Cleaning 5.78 5.0 5.0 6.0
(Corn only)
Gallery belt transfer point 0.11 - - -
Tunnel belt 1.40 1.55/ 2.09/ 1.05/
Headhouse 1.49 0.5 - -
Note:

Ref. 1 Gorman, P. G., "Potential Dust Emissions from a Grain Elevator in
Kansas City, Missouri", final report prepared by Midwest Research
Institute for EPA, Contract No. 68-02-0228, Task No. 4, May 1974.
Best values of the long-term composite emission factors experi-
mentally determined in a terminal elevator. The values represent
the amcount of dust collected in a well operated fabric filter,
and 100% collection of dust by the filter is assumed.

Ref. 2 Thimsen, D. J. and P. W. Aften, "A Proposed Design for Grain_
Elevator Dust Collection”, J of the Air Pollution Control Assn.,
November 1968. Data represent best estimates by "experienced
elevator superintendents'' for a General Mills Rialto terminal
elevator in South Chicago.

Ref. 3 Compilarion of Air Pollutant Emission Factors, USEPA, April 1973.
Values specified in this EPA document for terminal elevators are
at least partially based on those of Thimsen (Ref. 2 above).

Ref. 4 Results reported for a Cargill Chicago elevator based on calculated

material balances ('"shrink") over a period of 18 year. See
Ref. 1 above.

2/ value of 1.5 lb/ton was for transferring or turning bins for cooling
and may therefore include sources other than just the tunnel belt.

b/ Vvalue of 2 lb/ton is for transferring, conveying, etce

&/ Identified in Reference 4 as "transferring."
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TABLE B-2.

GRAIN ELEVATOR EMISSION FACTORS (UNGCONTROLLED)
AVERAGE AND RANGE2=10.16/

Emission source

operation

Average emission

rate 33/

1b/ton processed

Range of emission

rate,ﬂf

1bf/ton processed

Grain unloading (Receiving)
Grain loading (Shipping)
Conveying to bins

(Gallery belt/tripper)
Removal from bins

{Tunnel belt)
Headhouse (Legs)
Internal turningh
Cleaning
Drying

Low High
0.8 3.5
0.25 1.26
0.11 2.5
1.0 2.0
0.5 2.5
1.61(1.5) 7.0(4.5)
5.0 7.0
4.0 8.0

&/ Emission factors are in terms of pounds of dust emitted per ton of grain

Ya

processed by each source.

A distinction is made between the emission factors for internal turnings

in terminal elevators and country elevators and the latter are indicated
in parenthesess Emission factor for internal turnings is computed by

adding those for tunnel belt, gallery belt/trippers, and headhouse(esgs,
led + 1.0 + 1le5 = 3.9) for terminal elevators. For country elevators, it
is the total of tunnel belt and headhouse emission factors (e.ge, l.4 +

1-5 = 2-9).
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The totals at the bottom of the fourth and sixth columns in Table B-3
represent the total potential uncontrolled emissions (average and range) for
the whole facility in terminal and country elevators. The values are ex-
pressed in terms of pounds of dust per ton of grain received or shipped by the
facility. These figures when multiplied by the annual throughput of grain give
the potential emissions (average and range) generated by the facility. A more
detailed analysis of the emissions data sources is presented below.

Grain elevator emissions data were obtained from four sources: (a)
a long-term study of fabric filter catch at Kansas City terminal elevator;
(b) a group of compliance test reports supplied by the North Dakota Depart-
ment of Health; {(c) a study of emissions and emissions control at eastern
Washington grain elevators; and (d) emissions tests conducted upstream from
air pollution control devices in two Kansas grain elevators. The paragraphs
below summarize the methodology and results for each of these studies,

Kansas City Terminal Elevator Studyi/

One of the earliest attempts to experimentally develop grain elevator
emission factors was a 1973 study by MRI at the Kansas City Terminal elevator.
During this study, the weight of dust collected in each of seven fabric fil-
ters and the quantity of grain processed by the operations controlled by the
filters were used to calculate emission Ffactors. The sources for which emis-
sion factors were calculated were:

Truck uﬁloading;
Car unloading;
Car loading;
Corn cleaner;
Gallery belt;
Tunnel belt; and
Headhouse,

Determination of the amount of dust collected by each system was made
by mechanical weighers installed on the dust chutes from each filter to con-
tinuously monitor the amount of dust being discharged, which was equivalent
to the amount of dust being ¢ollected by the filters. Readings were taken
on the mechanical weighers once each week over a six-month period and the
amount of each type of grain processed by the seven grain-handling operations
was obtained from the elevator operating records for the corresponding weekly
period, Long-term (weekly) composite emission factors were calculated for
each operation, '
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In addition short-term data were compiled for unloading and loading oper-
ations to determine the effects of grain type and grain quality (amount of
foreign matter and molsture content) on emissions. These data were also com~
piled using the mechanical weighers, but only the dust collected during a single
loading (or unloading) operation was measured. Short-term emissions factors

wvere calculated by grain type for each of three operatioms: truck unloading,
car unloading, and car leading.

The weekly emission factors for a composite of grains processed are sum-
marized in Table B-4. Based on the data in the table and an analysis of the
processing data, the following 'best' emission factors were developed,

Truck unloading 0,64 1b/ton
Gar unloading 1.30 1b/ton
Car loading 0427 1b/ton
Corn cleaner 5.78 1lb/ton
Gallery belt 0.11 1b/ton
Tunnel belt 1.40 1b/ton
Headhouse 1.49 1b/ton

While the quality of these data appears quite good, consideration should
be given to the following {tems before utilizing the data. First, the data are
representative of the quantity of emissions captured from a fugitive emissions
source. The report indicated that the systems appeared to be effective based

on visual observaticns. However, no specific data on capture efficiency are
available.

In addition the "best" emission factors were estimated from a wide range
of data. The short-term data suggest that this range represents the real
variability of grain elevator emissions. Hence the '"best" emission factor

is probably not an accurate estimate of actual short-term emissions from a
particular operation.

Finally, the emissions factors are representative of a composite of four
grains (corn, wheat, soybeans, and milo) processed, Since the short-term
results described below suggest differences in emissions by grain types,

these emissions factors may not be representative of elevators processing
a different mix of grains.

Short-term emissions were measured to examine the effect of grain type
and grain properties on emissions. The data did not indicate any relation-
ships between emissions and the amount of foreign matter in the grain or a
well defined relationship between emissions and moisture content.
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pounds of dust

/774

a/ loméing and unlosding of cars iacludes both hopper cars and boxcars.
b/ The zallery belt dust collector is connected to only one hood where grain is fed onto cthe belg.
g/ The ezmission facter vaiues may be ynusually high and ahow lavge veriacion because dust 18 contioually zol-

lected from one leg, even though little or no grain may be moved zhrough the Zunnel bels.
4/ Dust collector out of service all or part of weak; fan moter repairs.

&/ No emiseion factor calculated because counter-wire on weigher vas broken.
£/ MNo emission factor caiculated because unable to decermine quancity of grain ¢leamed.

g/ Mot calculeced bSecause of low ait pressure in tleaning aiz tank,
b/ No endssion factor could be calculsted because f{iter vas plugged,

4/ Exmission factor not celculated because fan was out of sarvice part of weak.
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TABLE B-4, SUMMARY OF WEEKLY COMPOSITE EMISSION FACTORS -
ton of grain
TTuck Cary card/ tern Gallar}a"’ Tunmlﬁ"
waek af Unlosding Daloading Loading Cleanes Belt Belt d oue
719773 0,547 0.310 C.263 Filrar plugged 0.034 Not cal- L.804
culacad
/18473 0.678 Q.440 G.174 12.95 0.032 2,80 1,349
7132 0.656 0.437 0,230 4,10 ¢.03% 2.80 1,425
7430472 G.602 0,161 Q.13& 7.42 g.126 1,75 1.148
BY6/T3 0,554 0.284 G.1a5 5.68 0.059 1.89 1.000
8/13/713 0,556 1.63 0.173 Filcer plugged 0,110 8,18 G.520
B/I0/73 0.5%7 0.922 0,184 Filter plugged 0,152 1.09 Dust collector
not operating
B127/73 0,587 Dust collector ($.213 Filter plugged - 0.088 1,76 Dust collector
noT operaAcing a0t operating
974773 Q.E28 Dust collector 0,245 Not used 0.910 2.08 -Dust collectar
not opeTating not operating
§/10/75 0.642 1.89 0.320 2.76 Kot used Not cal~- 1.853
culated
9/17/72 8471 1,04 0.379 6.96 0.052 4.26 3.029
9734773 0,833 1.94 C.36e8 6.82 0.100 1.49 1.903
167173 O 541 1,01 0.282 L.47 C.084 3.80 prA-TY
077 and 0,249 0.983 0.272 5.07 0.030 8.04 1.678
10/13/73
10422773 0.&07 0.925 ¢.201 4,61 0.048 8.37 1.469
10/29/73 0.582 Dust collecter 0.Z51 6,40 0.093 2,21 0.982
rot opaTatcing
1375473 ¢.771 4/ c.110 4.93 0.085 b/ 1,602
11/12/73 0.62% 4/ 0.318 2.35 0,099 L.03 L.410
LE/18/73 0.56L 0.715 Q.357 £/ 0.145 1.83 1,54
11/26/73 0.829% &/ g.400 8,13 0,064 2.18 1.83%
1273773 C.638 1.60 0,283 4,03 0.361 1.43 2,748
2ne/72 0.664 4,51 0.479 .- 0,165 4.96 3.777
12/17/73 to 0.395 3.8¢ 0.723 1.79 0.337 15.1 3.514
2/21/02
12721773 o 1.26 2,76 0.158 5.11 0.239 1.81 5,067
12/28/73
LZ/2B/73 re 0.252 2,64 0.100 8.68 &/ i/ 3.169




However, the short-term data did show a dependence of emissions upon
grain type. The results by grain type for truck unloading, car unloading,
and car loading are shown in Tables B-3, B-6, and B-7, respectively. UWhile
these data are not sufficient to establish grain specific emission factors,
they do indicate a relationship between grain type and emissions, It should
be noted, though, that the grain specific emission factors exhibit the same
wide wvariation as the long-term emission factors.

Based on both short- and long~term emissions measurements, it can be
concluded that grain elevator emissions exhibit wide variability. This con-~
clusion holds for emissions on a truckload to truckload basis and for long-
term emissions.

, 7-10,13/
Grain Elevator Compliance Tests———

As a part of an earlier MRI study, reports from five compliance
tests (four in North Dakota and one in Minnesota) were obtained from the
North Dakota Department of Enviromment. These tests measured emissions from
controlled sources at the inlet and outlet of control devices, generally
cycloness The testing was done using the ASME Method PTC-27, an older iso-
kinetic sampling method which yields results comparable to EPA Method 3,

The results of testing at five elevators are presented in Table B-8.
Data in Table B-8 include gas flow rate, pressure drop across the control
device, inlet and outlet particulate concentrations and emission rates, and
control device efficiency. Specific comments regarding each of the tests
and general conclusions are presented in the following paragraphs.

At elevator A a grain cleaner, cleaning dark Northern spring wheat, was
tested. The resulting inlet emission factor was 0,185 lb/ton, and the
cyclone efficiency was measured at 47,5%. However, the pressure drop across
the cyclone. of 17 in H50 is extremely high. 1In addition, the test report
indicated that the design flow of the system was 9,500 cfm compared to the
measured value of 3,300 c¢cfm. These two factors suggest that the system was
plugged. The plugging would cause decreased air velocity through the cyclone
and decrease cyclone efficiency. In addition the decreased flow would probably
result in inefficient capture of the emissions at the source. Thus both the
calculated emissions factor and the cyclone efficiency are lower than would be
expected with properly operated and maintained equipment.

The testing at elevator B was conducted on a single system serving the
distributor head, floor sweeps, boot, automatic scale froant pit, back pit,
and legs. During the test 13,5 tons/hr passed through the distributor and 13.5
tons/hr passed through the front pit, back pit, and legs.,
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TABLE B-5. TRUCK UNLOADING, EMISSION FACTORS B3Y GRAIN TYPE

:
{

- =

- e W =8 e

R

(LB/TON)
Wheat Corn SB Milo
0.081 0.128 1.15 0,280
0.217 0.130 1.63 1.090
1.086 0.234 1.85 0.610
0.73 0.115 2.20 1.23
0.670 0.87 0.88
0.7C 2.06 0.96
0.49 1.60
0.67
0.42
0.71
0.56
0.80
Avg, 0.52 0.47 1.63 0.95
Range 0.081-1.06 0.115-0.80 0.87-2.20 0.28-1.60
sverage of all data = 0.83
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TABLE B-6. CAR UNLOADING, EMISSION FACTORS BY GRAIN TY?ZES

(LB/TON)

Wheat Corn SB Milo
Hopper Box Hopper Box Hopoer Box Hoppetr Box
g.11 0.50 0.77 0.84 1.51 0.12 1.42
0.88 .38 0.41 2.08
0.65 0.59 0.26
0.98
0.64
0.11 0.50 0.83 0.62 - 1,51 0.37 1.08

Avg., 0.31 0.70 _ 1.51 - 0.81

Average of all data = Q.76
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TABLE B~7. (AR LOADING, EMISSTION FACTORS BY GRAIN TYPE
(LB/TON)

Wheat Corn 5B Milo
0.12 0.34 0.33 0.26 0.38
0.15 0.20 0.21 0.14 0.34
0.5& 0.18 0.41 0.24 0.36
0.25 0.31 0.95 0.24 0.39
0.15 0.31 0.56 0.26 0.37
0.07 0.27 Q.44 0.32 0.39
0.07 0.36 0.48 0.41 0.22
0.07 0.59 0.34 0.42
0.12 0.31 0.35 0.3%

0.12 0.35 0.51

0.30 0.27

0.09 0.21

0.02 0.32

0.19 0.34

0.1t 0.34

0.08 0.31

0.28

Avg, 0.17 0.28 - 0.44 0.29
Range 0.07-0.54 0.18-0.36 0.12-0.95 6.02-0.51
Average of zll data = 0.30
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Data are not sufficient to determine the individual impact ¢f these sources.
The estimate emissions are 0.l4 1lb/ton for the distributor head and 0.14 1b/
ton for the legs and pits. The efficiency of the cyclone was measured at
9342%.

Emissions from three different cyclones were tested at Elevator C.
Cyclones 1 and 3 served the same grain cleaner, and cyclone 2 served the
back pit, leg, and distributor during the testing. The cleaner emissions
(the sum of the inlet values for cyclones 1 and 3) were measured at 0.402 1b/
ton with efficiencies of 59.7 and 537.5%. Inlet emissions from cyclone 2 were
measured at 0.099 1b/ton with a collection efficiency of 31.6%., An important
observation, however, is that the outlet flow of all three cyclomnes is much
greater than the inlet flow. The excess flow is probably a result of air leak-
age into the cyclone through the dust exhaust duct., This leakage will result
in inefficient capture and removal efficiency and hence in a low estimate of
emissions,

Two different legs were tested at elevator D The results were consistent
at 0,783 1b/ton and 0.708 lb/ton. These emission factors are somewhat higher
than previous emission factors, but certainly within the range of what might
be expected given the wide variation in grain elevator emissions.

Two different control systems were tested at elevator E. On the first
system emissions from a wheat cleaner were measured at 0,425 lb/ton with a
cyclone efficiency of 83.6%. The other system controlled the dump pit, legs,
and headhouse operations. Emissions were measured at 0.485 lb/ton with a
cyclone efficiency of 83.2%.

In examining these data it again must be remembered that the emission
factors represent captured emissions from fugitive sources. 1In some of the
tests described above the capture efficiency and hence the emission factors
are questionable. The cyclone collection efficiencies are also worthy of
note. In the cases where the cyclones appeared to be operating properly,
efficiencies in the 80 to 95% range were noted., However, in those cases
where flow data indicated obvious problems in cyclone operation, efficiencies
fell to 30 to 60%. This would indicate that proper operation of cyclones is
important for continuing compliance,

Eastern Washington Grain Elevator Studyll/

A& comprehensive study of emissions and emissions control for eastern
Washington grain storage and processing facilities was conducted by the
Spokane County Air Pollution Control Authority and Washington State Depart-
ment of Ecology. Various grain handling operations in grain elevators and
seed plants were tested for total particulate emissions using EPA Method 5
procedures and for particle size using cascade impactors. Opacity was also
recorded during the testing. Both cyclones and fabric filters were examined.
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The results of the tests on receiving pits, cleaning operations, and
transfer operations are presented in Tables B-9, B-10, and B-11, respectively.
The paragraphs below summarize the findings of the study regarding factors
effecting emissions, particle size of emissions, mass emissions compared to
opacity, and control device efficiency.

Mass emissions data indicate that receiving pit emissions are dependent
on grain type, quantity of foreign matter in the grain, and drop height. In
particular, the emissions from processing of legumes were significantly greater
than those for wheat processing, However, even emissions from only wheat

receiving varied by more than an order of magnitude from plant to plant. Emis-

sions from grain cleaning were found to be dependent on the amount of pre-

cleanings, Emissions from primary cleaning, also called scalping, were at least

2.5 times as large as emissions from secondary cleaners.

Tables B-9, B~-10, and B-1l contain the mean particle diameter for many

of the emissions tests,

For recelving pilts four of the five tests had a mean

inlet particle size of 15 ym or less (the size considered to be inhalable.

For cleaners, two of the five tests have mean particle size of 10 um or less,

and one of the five has

tions, both tests showed emissions with 2 mean diameter of 15 ym or less.

a mean particle size of 16 yms For handling opera-

study found that grain cleaner exhausts generally contained about 10% by

weight minus 10 um particles, and receiving pit exhausts contained in excess

of 50% by weight minus 10 um particles. The above data indicate that grain
elevator emissions contain significant amounts of particulate in the minus

15 um range. Particulates in this size range have the greatest impact on the

human respiratory system.

The study also examined the relationship between mass concentration and

opacity. 1t was found that a visible emissions standard of 20% was more
stringent than an emissions standard of 0,1 gr/scf for exhausts from both
grain cleaners and receiving pits., Although data were not sufficient to

R W LS I W - R -

1
L

visible emissions in excess of 50% from receiving pit control device outlets

and 40% from grain cleaner exhausts,

a 20% opacity standard at control device outlets, concentrations less than
0.025 gr/scf would be required.

The data in Tables

B-9, B-10, and B~1ll indicate that the cyclones in

eastern Washington generally had efficiencies of at least 95%. The only ex-

ception was on a legume
loading. However, even
achieve outlet loadings
that even well designed
consistently meet a 20%

cleaner which had an exceptionally low inlet grain
with 95% efficiencies most cyclones were not able to
of less than 0,025 gr/scf., Thus it is quite likely
and properly operated cyclones will not be able to
opacity limit,
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it was generally found that concentrations at or above 0.l gr/scf resulted in

The data indicate that in order to meet
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Grain Elevator Emission Factor Stugyéié/

As a part of a study to develop emission factors for grain elevators,
emissions tests were conducted upstream from control devices at two elevators
in Kansas. At the first elevator emission factors were developed for the
truck dump and the elevator leg for each of three grains (wheat, milo, and
soybeans). At the second elevator emission factors were developed for load-

out, the tunnel belt, and the bin vent for each of four grains (soybeans,
wheat, milo, and corn).

The sampling was conducted upstream of control equipment using EPA Method
5 procedures, The sampling train was equipped with a cyclone with a cutoff
diameter of 5 um in front of the filter to avoid overloading the fiiter.

The emission factors shown in Tables B-12 and B-13 represent the "front
half" particulate catch from the tests, The 'catch > 5 ym" consists of that
portion of the total front-half which was captured in the cyclone.

The test reports noted that the cyclone became overloaded in several of
the tests possibly leading to inaccurate estimates of size distribution, 1In
addition some of the 'particulate' captured in the cyclone consisted of
broken grain kernels and chaff. This would indicate that the ventilation sys-
tem ''creates' particulate that would not normally be emitted from a totally
uncontrolled source. Thus these emission factors represent emissions from a

ventilated source with no contyol device rather than from a totally uncontrolled
source,

Given the above limitations, the data still have some value. In par-
ticular these data reinforce the earlier conclusion that emissions are
dependent upon grain type. In addition the data exhibit the same variation,
although to a smaller degrée, from test to test shown in earlier studies.

Data indicate that dust from grain handling operations have adverse
effects on the skin, eyes, and respiratory system of humanse Allergic skin
reactions and eye irritation have occurred in workers exposed to high con-
centrations of grain dust. The most severe impact of grain dust on exposed
workers is the effect on the respiratory system, There are two main hypotheses
concerning the mechanism of the action of the grain dusts in the respiratory
system: fitst, the fine particles in the grain dust may act as a mechanical
irritant; second, there may be an antigenic effect due to the organic, or
perhaps the inorganic part of the dust, with production of asthmatic reac-
tions in the case of the former and fibrotic changes in the latter.lg- De-
tailed descriptions of the effects of grain dusts on workers respiratory
systems are presented in References 18 through 20.
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Data are also avallable which indicate that many of these same respira-
tory effects can be found in some persons exposed to airborne dusts emitted
from grain elevatorss In particular, a study done at the University of
Minnesota over a 5-year period concluded that there was considerable support
for a hypothesis of asthma attacks induced by respiratory irritation from
atmospheric particles from grain handling.gi Evidence also exists that asth-
matic attacks in New Orleans may be attributed in part by airborne effluent
from a large grain elevator.22/ A more detailed analysis of the health effects
from graln elevators is presented in Reference 15. Reference 15 concludes that
at normal low ambient particulate concentrations (< 100 mg/m3) no evidence
exists for adverse effects to healthy people from grain and fuel emissions.
However, people having pre-existing respiratory disorders may be affected
by rapid increases above the seasonal mean concentration of particulate grain
dust,
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APPENDIX C

GRAIN ELEVATOR EMISSION CONTROLS
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The atmospheric emissions from grain elevators are primarily the par-
ticulate (dust) generated during the handling and transfer of grain. Two
types of methods are used to reduce these emissions: (a) the process or
facility is modified in manner which decreases the amount of dust generated
by an operation; and (b) some type of system is used to capture or contain
the emissions which are then ducted to an air pollution control device. Con-
trols in elevators often consist of combinations of these methods,

Controls systems for most grain elevator operations are well developed,
and are described in detail in the literature.13:23-25/ The subsection below
briefly describes the process modifications and/or capture systems which re-
duce or curtail emissions at the source. The discussions of capture systems
is followed by a short discussion of the air pollution control devices used at
grain elevators. A brief discussion on operation and maintenance practices
applicable to grain elevators concludes the section.

METHODS FOR REDUCING/CONTAINING EMISSIONS AT THE SOURCE
Particulate emissions from country elevators consist of dusts brought
into the elevator with the grain or generated by abrasive action on the grain

during handling. These dusts may be liberated during each of the following
operations.

le Grain Recelving

2. Grain Dryers

3¢ Cleaning

4. Garner and Scale Bins

5« Legs

6, Transfer Points (in the Gallery and Tunnel)
7. Grain Shipping

The methods which appear to best reduce or contain the dust at each
of these emissions points are described below.

Grain Receiving

Grain receiving is one of the more visible emissions sources at grain
elevatorse Lt is also one of the most difficult to control. Grain is received
at the elevator in trucks, hopper cars, and boxcarse As the grain is dumped
from the transport vehicle into the receiving pit, large volumes of dust

are generated over a short time period. This problem is compounded when,
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as is often the case, two or more sides of the pit area are open to the atmos-
phere., Wind currents then exacerbate the problem of containing the large
volume of dust.

The first step in controlling emissions from grain receiving is to mod-
ify the process in such a way that (a) the distance over which the grain
is in freefall is as short as possible; and (b) the operation is sufficiently
enclosed to eliminate wind currents over the pit.

Reference 24 suggests that emissions from truck dumping can be reduced
if operators carefully raise hoists to allow grain to flow evenly from the
truck rather than in a large mass. Two other process modifications help con-
tain emissions from truck dumps. Louvres (fixed or moveable) just below the
grate level of the pit even the flow of grain into the pit and help contain
emissions below grain levels In addition, the pit area should be well enclosed.
This includes permanent walls on two sides of the pit and quick close doors
on at least one and preferably both ends of the pit.gi/ In addition to these
process modifications, air should be exhausted from the pit, preferable below
the grate level at a rate of at least 100 cfm per square foot of grate area.l3/
Data from emissions testing in eastern Washington suggest that fugitive emis-—
sions are well controlled at a face velocity of 75 fpm and that velocities of
130 fpm or greater tend to induce grain into the exhaust stream.lLl/

The most common boxcar unloading method consists first of breaking the
grain door inside the car, which produces a surge of grain and dust as the
grain falls into the receilving hopper., After the initial surge of grain,
the remaining grain is scooped out of the car using power shovels, a bobcat
or some similar means. A surge of dust accompanies each scoop of grain as
it strikes the receiving pit.

The other common boxcar unloading technique, used mainly by terminal
elevators, is a mechanical car dump which clamps the car to a moveable sec-
ha
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car door into a receiving pit.

n out of

As with the truck dump, louvres in the dump pit and enclosure of the
area will help contain emissions from either type of unloading. If the scoop
type unloading is used, it is suggested that emissions can be minimized by
keeping the drop distance from the bucket as small as possible.zﬁ/

Undergrate aspiration can be applied to the first unloading methed,
and will reduce emissions, but large volumes of air are necessary to provide
high capture efficiency. A typical railcar unloading system might handle
35,000 to 50,000 bu/hr which would require undergrate aspiration of about
20,000 to 25,000 cfmeld/
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In addition to undergrate aspiration, some elevators have installed
aspiration panels near the car door in an attempt to capture the dust emis-
sionse This method is considerably more effective 1if a flexible closuxe is
used as shown in Figure C-1, This can be reasonably effective even when the
unloading area is not enclosed L3/

The mechanical car dump presents a more difficult dust control problem.
Undergrate aspiration has been used to reduce the emission. Aspiration panels
near the door have also been used, but their utility is restricted due to
clearances necessary for rotation and tilting of the car. Aspiration ducts
located at each end of the dump pit have also been useds 13/

Two methods are available for control of emissions from hopper car unleoading.
The first is a combination of pit enclosure, louvres, and aspiraticon similar
to that in truck dumpse. The second is a choke feeding system. With this sys-
tem a small hopper is placed immediately below the hopper care. The grain is
allowed to form a cone between the shallow receiving hopper and the receiving
grate. There is a momentary cloud of dust as the hopper fills, but the re-
mainder of the operation is almost dust free,24

Grain Drying

Grain dryers present a difficult problem for air pollution control be-
cause of the large wvolumes of air exhausted from the dryer, the large cross-
sectional area of the exhaust, the low specific gravity of the emitted dust,
and the high moisture content of the exhaust stream, The particles emitted
from the dryers, although relatively large, are very light and difficult
to collects "Beeswing," a light flaky material, that breaks off from the
corn kernel during drying and handling, is the troublesome particulate
emission.

The typical mode of control for grain dryers has been the use of screens
at the outlet of the dryer to capture the particulate, 95% of which is greater
than 50 gm in diameter. Various screening systems for grain dryers are de-
scribed in Reference 15. The NSPS effect only those column dryers with colum
plate performation exceeding 0.094 in, and rack dryers which exhaust gases
through screens coarser than 50 mesh. Hence, screens of this size are assumed
to efficlently control dryers.

Grain Cleaning

Cleaners and scalpers generated dust emissions through the agitation
of material over screens and plates, This operation can be well controlled
by full enclosure. The system should then be kept under negative pressure
through air exhaust. Systems for both new and retrofit controls are described
in Reference 24.
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Figure C-1 - Boxcar unloading dust control system.
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Scale and Garner

Scale and garner bins should be fully enclosed and intervented to avoid
pressure buildups which might cause dust leakage. Air should be exhausted
to provide negative pressure within the total scale and garner system. Specific
dust control designs for different types of systems are shown in Reference
24,

Legs

The legs at most elevators are bucket elevators which take the grain
from the bottom of the elevator to the top from where it is stored or shipped
by gravity feed, Dust is generated when grain is dumped into the bottom (boot)
of the leg and when it is discharged at the top (head) of the leg, However,
the leg is an encleosed system and dust emissions can be contained by maintaining
a negative pressure in the leg. This negative pressure can best be maintained
at all points in the leg if the up and down sides of the elevator have a com-
mon enclosure or some type of interventing. A typical exhaust system for the
boat of the leg is shown in Reference 24, and a design for the complete system
is presented in Reference 23. '

Transfer Points

Transfer points within an elevator include transfers between belts,
dump points from the storage bins to the tunnel belt, transfer from the
distributor or scales to the gallery belt, and the tripper, a moveable de-
vice which transfers the grain from gallery belt to the bins. Dust is gen-
erated each time the grain is transferred from one device to another.

Most emissions from transfer points can be controlled by proper hood-
ing that is exhausted to a collector. The hooding designs may vary, but they
usually are constructed so as to cover the transfer points and minimize the
area open to the surroundingse. The quantity of air exhausted from each hood
is generally based on open area exposed to the surroundings. If several hoods
are used along one belt, they are normally connected to a common exhaust
duct and each connection includes a slide gate to provide for proper adjust-
ment of airflow. Hood specifications for warious transfer points are shown
in References 23 and 24,

One of the more difficult-to-control transfer points is the "tripper"
on each gallery belt, This tripper is moved along the belt to discharge the
grain into the proper bin, and this is a transfer operation that is difficult
to control. As the grain is diverted from the gallery belt by the tripper,
it generates dust that is released into the gallery area and escapes through
windows and other openings. Proper hooding on the tripper will allow capture
of most of the dust emission but the required mobility of the tripper requires
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special arrangements to exhaust air from the tripper to a collection device.
Some terminal elevators have installed an exhaust dust alongside the gallery
belt, with connections in the duct at each location where the tripper may be
positioned. This requires that the tripper be manually connected to the ex-
haust duct each time the tripper is moved, Other elevators have eliminated
this problem by installing an exhaust duct with a rubber zipper along the
length of the duct so that the tripper is always connected to the exhaust
duct regardless of its position,l5/

One development in control of emissions from transfer points is the
use of completely enclosed conveyors and this may be coupled with pressuri-
zation of the surroundings to eliminate any possibility of dust escaping
into the room. Such units are especially applicable to conveyors in the base-
ment area of the elevators, but they might also be adapted for use in the
gallery.ié/

Grain Shipping

Grain 1s shipped from elevators by truck, hopper car, boxcar, ship,
and barge. In most operations, large amounts of dust are generated by the
free fall of dust over large distances. Because of the varying sizes of the
transport vehicles and the openness of the operations, grain shipping activi-
ties are the most difficult elevator sources to control.

Most truck loading operations involve the free-fall of grain into the
truck with considerable emission of dust. The control of the dust emissions
from truck loading is difficult due to the variations in the sizes of the
trucks and required movement of the loading spout. At many terminal elevators
the truck loading operation is covered and enclosed on two sides and a few
of these have aspiration ducts inside this area, but capture efficiency is
hampered by the wind-tunnel effect, 13/

1t may be possible to install a shroud. with aspiration, that covers
the top of the truck, but the different sizes of trucks, and the need for
the operator to observe the loading, may make this method impractical. How-
ever, such a system has been used successfully for hopper car loading.lé/

Choke loading may also be used, wherein the grain does not free-fall
into the car or truck but instead is restricted by the accumulated grain
load or pile by means of a telescoping spout, This loading method does help
to reduce the emissions, but may not provide sufficient reduction in the
emissions for air pollution control purposes.lé/

It would be possible, of course, to use doors at both ends of the load-
ing enclosure and evacuate the air from the enclosed area to a collector.
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However, the doors hamper movement of trucks and no elevators are known to
use this method. 13/

Two methods of controlling the dust emission from boxcar loading have
been used, although they have infrequently been applied. The first method
consists of covering the car door with some material and aspirating the air
from inside the car to a suitable collector (usually a fabric filter). The
second method consists of an aspiration system located near the car door.
This second method is not as effective as the first, but it allows the op=-
erator to observe and adjust the spout during loading cperations. A sketch
of one such system is shown in Figure c-2.15/

The methods used to load hopper cars and to control the associated dust
emissions are similar to those used for trucks and the loading may be done
in an enclosed area. One dust control method that has been successfully
used to control dust from hopper car loading is shown in Figure C-3., This
consists of a shroud made of belting material that encloses a portion of
the top of the car to within a few inches of the roofline. A second inner
shroud encloses the loading spouts and approximately 9,000 cfm of ailr is
aspirated from inside this inner shroud to a control device. The inner shroud
comes tc within L to 2 ft of the roof of the car which allows the operator
to observe the loading and control the flow of grain., This system appears
to be quite effective and eliminates the need for enclosing the loading area.
Similar systems consisting of a collection hood with flexible ducting have
been designed to aspirate alr from the hopper car during loadingéki/

The control of emissions from ship and barge loading is the most diffi-
cult control problem in grain elevators. The grain usually falls a considera-
ble distance into the ships' hold creating a large cloud of dust., Contaimment
of the dust emissions without impairing the operator's control of the loading
operation presents a challenge. -

Some degree of control can be obtained by using a choke-feeding system
when loading grain into the hold. This can be accomplished by keeping the
spout 4 to & in. in the grain. However, this is not always possible, especi-
ally during startup and trimming. During these periods, the hold must be
covered with plastic or canvas, Air is aspirated from the hold to maintain
negative pressure.

A comprehensive control system for ship loading has been developed at
a Cargill, Inc., facility at Pier 86 in Seattle, The system, described below,
controls emissions from the loading of bulk carriers, tankers, and t'ween
deckers., To develop the loading system, the loading operation was broken
down into four main activities: (a) start-up; (b) general filling; (c)
trimming; and (d) topping.
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Figure C~2 - Dust control system for boxcar leading.
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All ships (except tankers) can be started in the following manner: The
loading spout can be extended to within 3 ft of the bottom of the ship and
pouring started at 1,200 tons/hr, This will build a pile sufficient to bury
the spout in less than 2 min. During this period, dust will be emited but
the regulation allows for excessive dust emission for 3 min every hr. In
some cases, as many as two 10-ft extensions are needed to reach the bottom
of the ship.26/

If the spout cannot be placed sufficiently close to the bottom, an alternate
method should be used. This consists of inserting the spout in the hatch,
closing the hatch covers as far as practical and covering the remaining hole
with tarps or plastice A 10 ft by 10 ft hole can be left open for visual
inspection of the filling process. During this time, sufficient air is being
drawn up the spout and the incoming air eliminates dust emissions. However,
when the grain reaches the extended spout it should be buried and the pile
of grain moved around by this method, These two methods will reduce emis-
sions on all bulk carriers or general cargo type ships.gé/

After the pile has been started, the general filling operation of evenly
distributing the grain acress the hold is initiated., From both an operational
and dust control standpoint, it is best to keep the spout buried in the grain
during this operation; however, when this is not practical, the hatch must
be covered to the extent that only a 10-ft x 10-ft opening remains; filling
can then be continued,28

The trimming operation is unique to 'tween deckers and is required when
grain cannot fill the wvoids under the lower decks by general filling. This
trimming operation is one ¢of the dustiest and the most difficult of all
operations to control. To solve this dust problem, two methods were available;
first, the design of the loading gallery at Pier 86 is such that the grain
reaches sufficient velocity in the spout to be "thrown' a considerable dis-
tance by a simple deflector or spoon; second, the utilization of the long
established mechanical trimming machine which throws the grain under the
deck by means of a high speed belt at Pier 86. The mechanical trimming machine
was found to best control dust emissions as follows,.

First, 50% to 60% of the dust generated from the machine was emitted
Erom the top of the machine. Second, about 30% was generated above and below
the grain stream. And, third, the remaining 10% to 20% was entrained within
the grain stream and could not be captured., To capture the machine-emitted

dust, a hood and cover was installed on the machine with appropriate exhaust
ducts for air flow.26/

The filling of the top four ft of the hold can produce more dust than

any other general filling operation. This is caused when the grain dust which
has been generated is captured by the wind before it can settle into the
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hold. To reduce the dust, it is essential that the spout be buried in the
grain at all times., No other feasible method was available to reduce the
dust. In fact, the topping operation is greatly improved by this practice
as the tonnage is increased and is cleaner than other methods which held
the spout above the grain.

Filling of tankers is broken down into two operations; general filling
through the 'hard hat' and final filling of the void in the tank through
the Butterworths.28/ In most cases, the "hard hat'" can be filled by inserting
the main spout directly in the hele and having the exhaust air go up through
the spout. By closing the Butterworths, all the air is exhausted through
the "hard hat'" and up the spout vacuum system. No other covering is normally
necessary; however, if the spout does not fit directly into the 'hard hat,"
covering may be necessary to better direct the grain flowe26/ To £ill Butter-
worths, the spout must be reduced and attached to an airtight 12-in, flexible
steel tube; the end is inserted in the Butterworth and filled at a rate not
exceeding 600 tons/hr, The damper on the supplementary exhaust duct closes
the opening to the loading spout. A 12-in, flexible plastic hose is placed
over the duct end and inserted in the farthest Butterworth from the loading
as practical, This allows for maximum settling of the dust; there are
virtually no emissions from this loading mode 26/

Some concern has been raised by dock workers about possible explosion
hazards created by covering the hold during loading. However, it has been
determined, that dust levels in the hold during loading are an order of mag-
nitude below the lower explosion limit for grain dust of 35,000 mg/m3.

Further details on ship 'and barge loading controls are presented in
References 15 and 26.

DUST CONTROL DEVICES FOR GRAIN ELEVATORS

In each of the cases described above in which air was aspirated from
an emissions source, this effluent stream should be ventilated through an
air pollution control device for removal of particulate. The two control
devices which are used at grain elevators are mechanical collectors, pri-
marily cyclones, and fabric filters. Cyclones have the advantages of ease
of maintenance and lower installation and operating costs. The major advan-
tage of the fabric filter is the much higher collection efficiency that 1is
attained. The paragraphs below present brief descriptions of the control
devices used at grain elevators.2

a/ The paragraphs below are excerpted from Chapter 3 of Reference 15.
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Cyclones-~Cyclones have been used extensively for controlling emissions
in the grain and feed industry. In the last 5 to 10 years, however, many
companies have been installing fabric filters on new sources which were for-

mally controlled only by cyclones and replacing existing cyclones with fabric
filtexrs.

Although several relationships between cyclone performance and design
and operating parameters have been postulated, none is entirely satisfactory.
The variation in collection efficiency with several of these parameters is
shown in Table C-1.

TABLE C-1. CYCLONE DESIGN PARAMETER AND ITS EFFECT ON EFFICIENC%LE/

Increase in parameter Effect on efficiency

Particle size

Increase
Particle density Increase
Inlet velocity Increase
Cyclone body length Increase
Number of gas revolutions in cyclone Increase
Ratio of body diameter to exit duct diameterxr Increase
Gas viscosity Decrease
Cyclone diameter Decrease
Gas density Decrease

Cyclones are classified as either 'high efficiency'" or '"high throughput,'
High efficiency cyclones are chavacterized by a narrvow inlet opening, long
body length relative to body diameter, and a small outlet diameter relative
to the body diameter. Higher collection efficlencies result from the increased
energy expended due to the high inlet velocities. High throughput cyclones
have larger inlet openings and larger gas exits, Figure -4 illustrates the
geometrical relationships for these types of cyclones. Pressure drop through
the low effieicncy units is typically in the range of 0,5 to 2 in. of water,
whereas the high efficiency unit operates with 3 to 5 in. pressure drop.
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High Efficiency Design High Throughput Design

Figure C-4 - Cyclonme dust collectors.
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The low to medium efficiency cyclones are supplied by a variety of ven-
dors, ranging from sheet metal fabricators to established air pollution con-
trol equipment manufacturers. Because of their low cost and maintenance re-
quirements, they have been used extensively to control grain receiving and
shipping operations, as well as a variety of grain processing emission
sources, Collection efficiency for a properly operated and designed unit
collecting grain dust may reach 95%. For units which are not properly main-
tained (e.g., dust accumulations on the walls, air infiltration through the
dust discharge), the efficiency will decrease dramatically. Visible emissions
can be quite noticeable even for the best operating units, -

Collection efficiencies of high efficiency cyclones used on pneumatic
conveying systems for grain, feed ingredients, and milled grain of about
997 have been reported, With the exception of flour mill systems, the unit
can normally operate with minimum visible emissions; however, significant
visible emissions can occur if a dusty load of grain is received.

Figure C-35 shows the typical collection efficiency for both the high
throughput and high efficiency cyclones for various particle diameters. Since
both types of devices are inefficient for small particle collection, and
it is the smaller particles which scatter light most effectively, it is
apparent that even the most efficient cyclone will operate with some visible
emission if the incoming grain has a significant amount of fine dust or the
emission is from a process which has emissions with a small mass mean diameter.

A modification of the conventional high efficiency cyclone, shown in
Figure G-6 recycles approximately 60% of the discharge air stream back into
the collector through a high energy blower in such a manner to induce a swirl-
ing motion around the wall. The introduction of this recycle stream through
the high energy jets increases the unit's collection efficiency and forms
an air blanket around the inside wall which enables the unit to handle higher
moisture content streams,

This unit, the Aerodyne Type S collector, has operated satisfactorily
on several types of process dryers. It has also been used to a limited extent
on grain receiving operations where its efficiency has been estimated to
be about 99%. However, as with other inertial collectors, the unit does not
eliminate visible emissions resulting from handling grain with a high per-
Centage of field dirt.

Fabric filters~=Fabric filters have been used to control essentially
every kind of emission source involving grain handling as well as several
grain processing emission sources, The only grain industry sources where
they are not used is where the effluent has a high moisture content and where
there is a chance of contaminating the recovered product (e.g., pneumatic
system which conveys many different types of feed ingredients), Industry
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Figure C-6 - Recirculating cyclonic collector.
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souces indicate that operational problems have occurred with fabric filter
systems installed on receiving pits when wet corn is unloaded, Blinding of
the fabric occurs because of the moisture content of the dust,

A number of particle collection mechanisms cause dust collection in
a fabric filter system. These mechanisms include interception, impingement,
diffusion, and to some extent electrostatic forces, These forces and their
effect on particle collection have been the subject of considerable study.
Theoretical equations have been developed to predict the pressure drop across
the filter and the filter cake but they too are not adequate for use in design-
ing systems. Thus, the design of fabric filter systems depends largely upon
the experience gained from previous installations and observations of exist-
ing systems.

Fabric filtering systems can be classified in two ways. First is the
shape of the filtering surface, either tubular or envelope. The second clas-
sification method is by type of bag cleaning mechanism, either mechanical
or reverse air flow. Figure C-7 illustrates these basic shapes and the possi-
ble configurations of air flow through the filter.

Depending on arrangement, dust may be collected either inside the bag
or outside. In the latter case, some type of frame retainer is required to
hold the bag in shape. Another classification often used is "low-ratio' wvs.
"high-ratic," referring to the cubic feet per minute of air per square foot
of media. Low ratio filters are generally characterized by a simple cleaning
mechanism that does not remove all the dust from the bags, but excessive
air flow resistance is prevented by using a large number of bags that maintain
velocity through the media less than approximately 3 ft/min. Low ratio filters
normally use woven cloth media and rely on the layer of dust (referred to
as '"'dust cake'') to reduce the loss of fine dust particles through the small
openings between the threads., On the other hand, high ratio filters use more
effective systems for cleaning permitting the use of felted media in which
the layers of fibers overlay each other, so the passage of most fine particles
is prevented without the dust cake, A reduction in the thickness of the
dust cake permits higher velocity air flow through the media without excessive
resistance, usually in a range between 6-20 ft/min (typically around 10 ft/min
for grain dust).

Most new filters are using some method of flow reversal for cleaning
since shaker cleaning mechanisms necessitate the use of lower air-to-cloth
ratics and have higher maintenance costs. Air flow reversal methods include
forcing the dust cake off of the fabric with back pressure; collapsing the
cloth with associated flexure and cracking of the dust cake; snapping the
cake off with a pulse of compressed air; and blowing it off with an air jet
which traverses the outside surface of the cloth, One common system uses
a blower to provide the reverse air for cleaning one bank of filter tubes
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Figure C-7 - Fabric filter configurations.
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at a time. This device is sometimes augmented by the compressed air shock
as mentioned above, but in several installations this cleaning method has
led to fabric blinding because of moisture in the compressed air supply.

The air-tec-cloth ratio, sometimes referred to as filter rate, is one
of the key design parameters for fabric filters., The ratios are customarily
selected on the basis of past experience and consideration of the nature
of the operation and the geographical location, For example, high ratios
can be used on grain handling sources because of the intermittent nature
of the operation, whereas in continuous grain milling operations, lower ratios
are normally specified. In humid areas, such as the Gulf Coast, lower ratios
are used because of the increased possibility of fabric blinding.

Cotton sateen, wool felt, and dacron felt have all been used as filter
fabrics for grain industry emission sources, However, dacron felt is the
fabric now recommended by essentially all of the filter mamufacturers for
these sources. Fabric weights between 16 and 22 oz/yd2 are typlically speci-
fied with the heavier weights recommended to minimize dust bleed through.

Fabric f£ilters, when properly designed and operated, operate relatively
trouble-free with efficiencies in excess of 99,9% and with no visible emission.

GENERAL BAGHOUSE OPERATION AND MAINTENANCE PRACTICES

Problems with bag blending, buildup of dust in the hopper, and bag tears
are often the result of improper startup procedures. This is expecially true
for intermittent operations such as those found in grain elevators.

At the first startup of the system, and also whenever new bags have
been installed by the maintenance crew, the bags should be checked after
a few hours of operation for tension, leaks, and expected pressure differen-
tiales Initial temperature changes or the cleaning cycle can pull loose or
burst a bag. It is wise to record at least the basic instrument readings
during this initial startup with new bags for ready reference and comparison
during later startups.

During any startup, transients in the dust generating process and surges
to the filter house are probable and ought to be anticipated, Unexpected
temperature, pressure, or moisture may badly damage a new installation. In
particular, running almost any indoor air or combustion gases into a cold
filter can cause condensation on the walls and cloth, leading to blinding
and corrosion., Condensation in the filterhouse may void the manufacturer's
guarantee, It can be prevented by preheating the filter or the gas.
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A typlcal sequenced startup procedure for a large continuous, automatic,
multicompartment fabric filter using either reverse air, shake, or combination
cleaning is summarized as follows:27/

ls Check to see that all system monitoring instruments are reading
zero; especially fan motor ammeters and compartment pressure manometersS.

2, Close all system dampers except tempering air damper (if used).
This includes main compartment isolation dampers, reverse air dampers (if

used), and fan modulation dampers.

3+ Start material handling system including any motorized airlock devices
and screw conveyorss Hoppers should be empty on startup.

4+ Sequentially start main fans, allowing each to come to speed before
starting next fan.

5. ©Start separate reverse air fan if used and allow to come to speed.
6. Engage fan modulating damper circuit(s).
7., Engage tempering alr damper circuit (if used).

8. Slowly open main-compartment isolation dampers. If dampers are opened
too quickly, bags will pop open, ultimately resulting in failure,

9., Engage compartment cleaning recircuit.

10+ Check normaley of readings on system monitoring instruments, especi-
ally fan motor ammeters and compartment pressure manometers.

Improper shutdown procedures can also cause bag blinding or dust bui
up in the hoppers A typlcal shutdown procediire 15 summarized as fcllowss2l

la After process has been stopped and is no longer evolving emissions
allow baghouse to track through one complete cleaning cycle; this will purge
system of process gas and collected dust.

2+ Stop main fans,

3s« Stop separate reverse air fan, if used.

4, Allow material removal system to operate for 1 hr or until system
is purged of collected material.

98




Proper use of shutdown procedures is especially important in grain ele-
vators, as impreoper bag cleaning before shutdown may result in blinding.

General maintenance procedures for fabric filters that can be applied
to grain elevators are described below. Table C-2 presents a checklist of
items that require regular inspection.

Plant personnel must learn to recognize the symptoms that indicate poten-
tial problems in the fabric filter, determine the cause of the problem and
remedy it, either by in-plant action or by contact with the manufacturer
or other outside resource.,

High pressure drop across the system is a symptom for which there could
be many causes, e.gs.y difficulties with the bag cleaning mechanism, low com~
pressed-air pressure, weak shaking action, loose bag-tension, or excessive
reentraimment of dust. Many other factors can cause excessive pressure drop,
and several options are usually available for corrective action appropriate
to each cause., Thus, the ability to locate and correct malfunctioning baghouse
components i1s important and requires a thorough understanding of the system.
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27/

TABLE C-2. CHECKLIST FOR ROUTINE INSPECTION OF BAGHOUSE—

a
Component™

Check for:

Shaker mechanism(s)

Bags

Magnehelic gauge or manocmeter

Dust removal system

Baghouse structure (housing, hopper)

Puctwork

Solenoids, pulsing valves (RP)

Fans

Damper valves (S, PP, RF)

Doors

Baffle plate

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

Worn, abraded, damaged bags; condensa-
tion on bags; improper bag tension (8§)
(RF); loose, damaged, or improper bag
connections

Steadiness of pressure drop (should be
read daily)

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

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

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

Proper operation (audible compressed air
blast)
ubric

tion of com-

1 2
pressor; leaks in headers, piping

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

Proper operation and synchronization;
leaking cylinders, bad air connections,

proper lubrication, damaged seals

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

Abrasion, excessive wear

2/ RP-reverse pulse; PP-plenum pulse; S=-shaker; RF-reverse flowe
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APPENDIX D

SUMMARY OF STATE REGULATIONS
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Table D-1 summarizes state regulations applicable to grain elevators.
These regulations are classified as one of the following five forms: (a)
opacity or visible emissions; (b) process weight; (e¢) allowable concentra-
tion of particulate; (d) type or level of effectiveness control equipment
criteria; and (e) fugitive dust nuisance regulations.

Table D-2 presents a summary of the results of telephone contacts with

state and local agencies. It identifies the regulations actually enforced and
describes enforcement practices.
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APPENDIX E

DEVELOPMENT AND FIELD EVALUATION OF AN ALTZRNATIVE

INSPECTION MONITORING STRATEGY
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INITIAL DEVELOPMENT OF MONITORING AND ENFORCEMENT PROGRAM

1f agencies are to make most efficient use of enforcement resources,
it 1s not reasonbale to apply equal monitoring effort to small country ele-
vators which may handle as little as 25,000 bushels of grain per year and
large terminal elevators which handle tens of millions of bushels. Thus,
the initial step in developing the compliance monitoring strategy was the
identification of criteria which can be used to determine the effort to be
expended in monitoring a particular elevator. The primary consideration was
that the criteria used should reflect the impact of the elevator on air qual-

itye. It was assumed that this impact was directly related to the level of
emissions from the elevator.

Characteristics of a grain elevator which effect the quantity of emis-
sions from that elevator include the amount of grain handled, types and extent
of operations (e.gs, boxcar unloading versus hopper car unloading), types
of grain handled, grain handling practices, extent of application of control
equipment, type of contrecl equipment, and control equipment operation and
maintenance practices, After examining these characteristics, it was deter-
mined that for most of these parameters, general industry data were either:
(a) insufficient to quantify the effect of differences on emissions; or (b)
insufficient to identify an elevator in a discrete class with respect to a
parameter. It was then decided that the general monitoring scheme would be
developed by using only the amount of grain handled (throughput) as the
criteria by which the elevator air quality impact is determined.

|
The above analysis does not imply that state and local agencies applying
the monitoring strategy should disregard the other parameters. In fact, if I!
data on the elevator population in a jurisdiction are sufficient to determine
emissions differences based on other parameters, inclusion of these in a
modified strategy will improve the effectiveness of the strategy. l

Two factors affected the decision to base the classification system on
elevater throughput. First, throughput is a parameter that can be obtained
and documented relatively easily, All elevators keep records of grain bought
and sold and such information can be requested by an agency as a standard
procedure. Second, throughput is a good indicator of the potential emissions
from an elevator in the absence of controls., While we are aware that most
larger elevators have some type of control, throughput is an indicator of
the relative impact of elevator, should a control device malfunction.

Using the emissions data presented in Section 4, size ranges were developed
for three classes of elevators based on the level of potential uncontrolled
emissions; (lass A - elevators that never exceed 100 tons/year; Class B -
elevators that may or may not exceed 100 tons/year depending on the type of
gralin handled and operating practices; and Class C - elevators whose uncon-
trolled emissions definitely exceed 100 tons/year. After conversation with
the project officer, a fourth class, Class D, was added to the scheme to
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separate the large country and subterminal elevators from the large terminal
elevators. This latter class was developed because such elevators are generally
located in urban areas, and hence the emissions have greater potential for
impact on human health and welfare. The various classes of elevators, hereaifter
called severity classes, are shown in Table E-1,

TABLE E-1, CLASSIFICATION OF ELEVATQRS BASED ON SEVERITY OF EMISSIONS

Process throughput

Bu/Yr Severity class
<9.5 x 108 A
>7.5 x 208 bur <2 x 108 B
>2 x 10° but < 8 x 10° e
>8 x 10° D

Table E-2 presents a test-matrix of the three-level inspection strategy.
Several revisions were made to the inspection procedure originally developed.
The proposed monitoring strategy is not tied to any specific SIP's. Con-
sequently when applying the strategy to certain state and local air pollu-
tion control agency enforcement programs, modification of the present SIP
regulations/standards or modification of the strategy may be required.

Based on the three-level inspection strategy, a complete monitoring

and enforcement program was developed for use by the state and local agencies
on a routine basis. The strategy would include systematic Level I, Level 1T,
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and Level III inspections and issuance of notice of violations and warnings
for compliance. The procedure is based on Severity Classes A, B, C, and D
as well as the location of the elevators, viz., attainment area vs. non-
attaimment area. Figure E-1 presents the complete monitoring scheme,

FIELD EVALUATION

After the compliance monitoring strategy described above was developed,
the U.S. EPA issued a second task to MRI to conduct a field analysis of
the strategy. The overall objectives of this task were as follows: (a) to
assist Region VII in conducting SIP overview inspections of a selected num-
ber (30 grain elevators in Nebraska; and (b) to use the collected data in
comparing the present inspection procedure with the monitoring scheme de-

veloped earlier,

The methodology for meeting the above two goals consisted of four dis-
crete activities which are listed belows

l. Data review and categorization of elevators.

2. Inspection of elevatorse.

3+ Preparation and submission of surveillance reports to Region VII,
4, Data analysis to compare monitoring strategies.

The qugections below describe the first two activities.

Data Review and Categorization of Elevators

Initial activity focused on selecting the elevators to be used as in-
spection sites in the evaluation of the monitoring strategy. It was deter-
mined that a total of 30 elevaters (10 Class A, 10 Class B, five Class C,
and five Class D) would be inspected using Level I and Level II procedures,
Eight (8) of these elevators (four Class C and four Class D) would also be
inspected using Level III procedures,

It was decided that the inspections would focus on the areas surrounding
Lincoln, Omaha, and Grand Island, Nebraska. This allowed the most expeditious
use of rescurces and encompassed a sufficient diversity of elevators to pro-
vide a representative sample, Records provided by the Nebraska Air Pollution
Contrel Agency, showed a total of 73 elevators were in these areas. The num-
ber of elevators in each source severity class is shown below. Other informa--
tion such as elevator location, the plant contact, storage capacity, and
accessibility are presented in Appendix G.
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Class of Elevator® Number of Elevators

24
25
17
7
Total 73

o oW

ale
-4

This classification scheme is based on throughput; Class A denotes a through-
put of <04 x 10 6 Bu/year, Class B denotes a throughput in the range of
>0.5 x 108 to <2 x 100 Bu/year, Class C between >2 x 106 and <8 x 10
Bu/year, Class D >8 x 109 Bu/year.

Qut of these 73 elevators, a total of 30 with a severity class distri-
bution as described above were chosen randomly for inspection,

Inspection of Elevators

The primary objective of this phase of the program was to develop and
carry out a field study that would provide data for analysis of the inspec-
tion monitoring scheme described above. This section will provide a
detailed description of the field study to provide a sound basis for tue
analysis of the results and discussions of improvements for future programs
of a similar nature., The discussions are divided into the following topics:

. Development of the inspection protocol for Levels I, II, and III

. Development of the field sampling protocol

. Description of the initial group of field inspections

. Revision of inspection and field test protocols

+ Description of the second group of field inspections
Development of Inspection Protocol--—

As described above, three levels of inspection (Level I, Level II,’
and Level III) were proposed as a part of the monitoring strategy. The
basic premise of the levels of inspection concept is that as the level is

increased the more detailed inspection will result in a higher probability
of identification of noncompliance. As a corollary, however, increased
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expenditure results from increased levels of inspection and there is an
obvious cost cost associated with the increased probability of compliance.
Based on this premise, the following inspection protocol was developed,

The primary consideration in the design of Level 1 inspections was to
minimize inspection time while obtaining a reasonable indication of compliance
statuse. This was best accomplished by minimizing contact with elevator opera-
tors and using only visible emissions to evaluate compliance. An inspection
form was then developed as shown in Figure E-2, It is assumed that in most
cases the inspector will conduct the inspection from the car or by walking
around the plant. It is not necessary to contact the plant operator unless
the inspector enters the plant boundary.

The objective of the Level II inspection format was to gain as reliable
an indication as possible of the compliance status of the elevator without
elaborate sampling of the emissions stream or testing of control equipment.
The Level II format was designed to include the same visible emissions ohser-
vations as the ones taken during Level I inspections. In addition, the format
included a visual observation of control equipment to ascertain that air
locks and cleaning mechanisms were operational and to record readings on
permanently mounted instrumentation, Finally, on controlled operations the
format was designed to obtain data items such as hood velocities and housekeep-
ing operations which might indicate capture efficiency of the system. It
was anticipated that these data might allow the determination of the compliance

status with respect to the process weight regulation. The Level II inspection
sheet is shown in Figure E-3,.

The Level III inspection procedure was developed by PEDCo Environmental
Ince, under separate contract to the U.S. EPA. This procedure included all
observations taken as a part of Level 1I1. In addition, the procedure included
an internal inspection of the fabric filter, measurement of system static
pressures using portable instruments, measuvement of fan power Usage, measure-
ment: of fan rotation speeds. and measurement of air velocities in ducts {(where
pitot tube ports exist).28/

It was anticipated that the Level III inspection would provide an in-
dication of the effectiveness of the control equipment and might even identify
potential problems and prevent later malfunctions,

Four basic assumptions are inherent to the.concept of inspection levels
and to development of the three levels described above. A clear understanding

of these assumptions is a prerequisite to a thorough analysis of the monitoring
strategy.
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Figure E-2

LEVEL I INSPECTION SHEET

Time in:
Time out:

Date: Inspector:
Elevator Name:
Address:

Contact (if need to enter property line):
Storage Capacity (from Level II): Throughput (from Level II1):
Number of Bins:
Number of Control Devices:

Fabric Filters Cyclone
Description of Locatrion:

Opacity Readingsi/
Activity During Inspection Opacity
Yes No Unknown %Z (0-100)

[

Rail Load in
Truck Dump
Load Qut
Head House

Gallery Windows

Tunnel Vents

Location

RERRE

NEREN

Opacity for Control Device Qutlets

In Operation

Type of Device

Yes - No Unknown

Cyclone

Fabric Filter

RERRE

Opacity

a/ If opacity

is lower than 20%, simply note £ 20%; otherwise state opacity.
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Figure E-3

ORIGINAL LEVEL II INSPECTION SHEET

Date:
Time In:
Inspector: Time Out:
Elevator Name:
Address:
Contact:
Process Data
1. Grains processed (note approximate percent)
Wheat Corn
Barley Milo
Oats Soybeans
2. Grain handling and storage capacity
Number of legs
Capacity of each (bushels/hr) , , R
Number of bins
Total storage capacity
3. Grain receiving (note approximate percent)
Truck Boxecar Hopper car
4. Grain shipping (note approximate percent)
Truck Baxear Hopper car Barge
5. Total annual throughput (bushels)
6. Brief process description
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Process Opacity Readings

Activity during Inspection Opacity
Yes No Unknown % (0 = 100)

2

Rail load in

Truck dump

Load out

Head house
Gallery windows
Tunnel vents

N
T
L
T

Wind direction Speed Sky condition

Process Emissions Capture/Containment Data

1. Truck dump pit(s)

Operating Visible emissions

Number of sides enclosed Direction(s) of open sides
Wind direction Speed

Is the pit aspirated? Total design flow (cfm)

Is the pit louvered? Open area (sq ft)

Measured face veiocity (fpm)

2. Hopper receilving
Operating Vigible emissions
Is shrouding used?

Number of sides enclosed Direction of open sides

Is the pit aspirated? Design flow (cfm)
Measured face velocity {(fpm)

3. Box¢ar receiving
Operating Visible emigsions

Describe unloading method and capture/containment system:

Estimate effectiveness:
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4.

5.

6.

7.

8.

Boots
Operating Visible emissions
Aspirated Design flow (cfm)

Tunnel belt bin discharge
Operating Visible emissions
Hood design: Belt enclosure Canopy
Pipe pickup
Distance from belt
Design flow (cfm)
Size of opening (sq ft)
Measured face velocity (fpm)

Tunnel belt transfers
Operating Visible emissions
Describe capture system (see data on 5):

Measured face velocity (fpm)
Belt speed (fpm)

Head of leg/garner
Cperating Visible emissions
Aspirated Design flow (cfm)
Size of takeoff duct
If no aspiration, are legs/garner vented to atmosphere?
If so, opacity of vents:
Leg speed (fpm)

Cleaner
Operating Visible emissions
Aspirated Design flow (cfm)

Size of takeoff duct

Vented directly to atmosphere

1f so, visible emissions of vent:

Design capacity (bushels/hr)

If cleaner is not enclosed, describe capture/containment system:
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9. Scales/hoppers
Operating Visible emissions
Scale capacity (bushels)
Grain fill rate (bushels/min)
Aspirated Design flow (cfm)
Takeoff duct size
Vented directly to atmosphere
If so, vent visible emissions

10. Distributor
Operating Visible emissions
Aspirated Design flow (cfm)
Vented directly to atmosphere
If so, exhaust visible emissions:

11. Gallery belt/tripper
Operating Visible emissions
Description of capture/containment system:

Measured face velocity at openings (fpm)
Vented directly to atmosphere
If so, exhaust visible emissions:

12. Bin vents
Operating Visible emissions

13. Truck/hopper car load out
Qperating Visible emissions
Is choke loading used? :

14, Boxcar load out
Operating Visible emissions
Aspirated Design flow {cfm)
Description of aspirating system

Face velocity at opening (fpm} __ _
123




15. Barge loading ]
Operating Visible emissions
Aspirated Design flow (cfm)
Description of aspiration system

16. Grain drying

Operating ) Visible emissions
Dryer type Design capacity
Air volume Screen size

Control Device Analysis -
1. Number of fabric filters

2. Number of cyclones

3. TFor each fabric filter or cyclone, complete an attached data sheet.
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The basic assumptions underlying the three levels of inspection developed
above are:

-

le The probability of identifying an elevator in noncompliance increases
with an increase in level of inspection. In fact, any elevator identified as
noncompliant in Level I, will also be identified as noncompliant in Level II.

2. Although visible emission regulations are the primary enforcement
tool, factors other than external visible emissions can be used to determine
noncomp liance and effect enforcement against noncompliant elevators {(i.e.,
the capture effectiveness of a hood is a parameter which effects compliance),

3. All sources of emissions are weighed equally in determining the com-
pliance status of a grain elevator (i.ee., an opacity of 30% during boxcar

loading is equivalent to an opacity of 30% at the outlet of a control device).

4. Controlled and uncontrolled fugitive emissions sources are evaluated
by the same criteria.

Development of the Field Test Program

In April 1979, a meeting was held in the offices of the Nebraska Depart-
ment of Environmental Control (NDEC) to develop procedures for inspection
of the 30 elevators. Participants included the project officers from EPA
Division of Stationary Source Enforcement and Region VII Surveillance and
Analysis Division, a representative from MRI and two representatives from
NDEC. The test procedures developed at the meeting are as follows:

l. Surveillance and analysis (S&A) reports, including the Process Sum-
mary Sheet, will be submitted to Region VII for each of the elevators in-
spected. Also, the data sheets from all Level I inspections will be attached
for information purposes only. Two coples of each report will be submitted.
Furthexr distribution of reports is up to the Region.

2e No enforcement action will result directly from the inspections.
However, the Conclusions and Recommendations Section, to be included on a
separate sheet with the S&A report, will indicate the compliance/noncompliance
status of the source.

3+ There will be a crew of three inspectors=-one to conduct all Level I
inspections, and the other two, all Level II inspections during the 2-week
period beginning the middle of July. (Level III inspections will be conducted
by PEDCo on 3 C and 3 D elevators, once in June and once in August.) In order
to take advantage of the extra time available for the Level I inspector, an
undetermined number of elevators located on the route to scheduled elevator
facilities will be inspected at Level I. The Data Sheet and Process Summary
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Sheet, with a limited amount of information obtainable within the available
time, will be submitted to the Region for each of these extra Level I inspec-
tions.

4e Letters of authorization to conduct inspections will be provided by
the Region. A staff of the Nebraska Air Pollution Control Division will accom-
pany each of the Level II inspectors and possibly the Level I inspector to
facilitate entry to the elevators. Region VII may send a representative to a
few inspections. Mr. Gene Robinson of NDEC will inform the Nebraska Grain and
Feed Association about the program and the inspections to be conducted,

5. Both Level I and Level II inspections will be conducted on an un-
announced basis. However, in the event of heavy volume of activity, unavail-
ability of operator's time and operator's objections, Level II inspections
will be conducted at a later scheduled time. In such cases, any significant
difference in emissions data between Level I and Level II will be analyzed
for possible effects of announced versus unannounced inspections.

6. The following additions/modifications will be incorporated to the
Level I and II inspections. All inspections will be timed to provide data
for cost/benefit analysis of the three inspection techniques., Level I in-
spections will include qualitative information about the enviromment in which
the elevator is located, viz., vicinity of population, local terrain, attain-
ment versus nonattaimment area, etc, The VE will be reported as '"less than
the applicable standard' if determined so; otherwise, actual 3= to 5-min
opacity data will be indicated. During Level 11 inspections, the instrumen-
tations associated with the dust capture and control systems will be checked
for their operation and effectiveness,

It was anticipated that two Level II inspections could be completed
each day, one in the morning and one in the afternoon, The schedule was planned
so that the Level I inspector would be at an elevator at some time during the
same half-day as the Level II inspector. Note that for comparison of the two
levels, it must be assumed that the actual compliance status of the elevator
is consistent over this half-day time period,

Using the field test guidelines and inspection procedures described above,
38 grain elevators were visited in late July 1979, to perform Level I and
Level II inspectionse Of the 38 grain elevators visited, 15 were either not
in operatieon or were shutdown; the remaining 23 elevators had the follow-
ing class breakdown.
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Class of Elevator Mumber of Elevators

DO w»

3
9
6
5
Total 23

During June, PEDCo performed Level II inspections on four of the Class C
and four of the Class D elevators that were inspected during July.

According to the air pollution control jurisdictional area, the elevators
were grouped as follows,

Air Pollution Control Jurisdiction Number of Elevators

City of Lincoln Air Pollution GontroLEl
Lancaster County Health Departmentd/

City of Qmaha Air Quality Control

Nebraska Department of Envirommental Control

rO‘ru
Wi o v

Total

a/ Administered by the Lincoln-Lancaster County Health Department, Lincoln,
Nebraska.

MRI inspectors were accompanied by personnel from the respective air
pollution control authorities during most of the inspection visits. The data

required for the conventional SIP inspections and for the Survelllance Reports

were collected as part of the Level II inspectlions,.

During the inspection, it was found that some of the smaller elevators
(Classes A and B) were either not operating or not operating at peak level,
as had been expected, This happened primarily because corn and milo, rather
than wheat, is the primary crop in much of the area inspected. This means
that peak activity occurs in October during the corn and milo harvest. Based
on this information, it was decided to conduct only the 23 inspections dur-
ing July, and after a preliminary evaluation of Level I and II procedures,
complete the field inspections during October.

Preliminary Evaluation and Revision of Inspection Format

After the July inspections were completed, the Level I and Level II
formats were evaluated with regard to difficulties in completing the inspec-
tion. In addition, the forms were reviewed to determine types of information
that might be added or deleted,
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The only problem identified for the Level I format was that for the
larger elevators, it 138 not pessible for the inspector to observe all the
control equipment without entering the plant boundary. Thus, the inspector
is required to notify the elevator operator of his presence. It was deter-
mined that this notification would not significantly hamper the inspection,
so no modification was made in the format.

Specific problems were encountered with gathering some of the data on
the Level II form. Velometer measurements at some of the aspiration points
are not possible due to accessibility problems and for safety reasons, Be-~
sides, the inspector may not be able to get an average velocity reading at
any time, since the observed velocity at a given pick-up point depends on
the position of dampers at all the other pick-up points sharing the same
dust control equipment. Consequently, no valid conclusion can be drawn re-
garding the effectiveness of the dust-capture system in general, It was
found during the inspections that it is possible to have a high aspiration
velocity at an internal operation, which, by visual inspection, appears quite
dusty. Other data including design flow, belt speed, etc., were almost impos-
sible to obtain from the elevator operating personnel, As a result of these
Uilfivuliiis3, »i was asteiminsd that no cvaluatisn 2f zammlisncn wish Dula
5, the Process Weight standard, can be made by using data from Level II to
estimate control equipment performance,

As a result of difficulty in obtaining velocity data and other operat-
ing data described earlier, minor revisions were made to the Level II in-
spection format., The revised Level II inspection forms are shown in Figure
E-4. Quantitative data which were either unobtainable or do not help in the
evaluation of the dust control system were excluded. It is recommended that
a qualitative judgment about the operation and maintenance of the dust con-
trol system based on a visual inspection of the internal operations, and
the cleanliness of the floors and walls be a part of the Level II inspection.
Such a subjective judgment can be made after an inspector has visited a few

e o s N

dust capture/control system and an ineffective one,

The revised Level II inspection would require the inspector to include
a rough sketch of the various dust control systems in the facility. As shown
in the sample presented in Figure E-5, this would be a schematic diagram
for each of the dust capture/control systems, showing the various aspiration
points and dampers if provided, This diagram will be included during the
first visit and will be maintained as a permanent record. During subsequent
visits, and design/operational changes made in the system will be noted and
the record changed accordingly.
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Fiugre E-4

REVISED LEVEL II INSPECTION SHEET

Date: Time In:

Inspector: Time OCut:

Elevator Name:
Address:

Contact:

Process Data

1. Grains processed (note approximate percent)
Wheat Corn
Barley , Milo
Qats Soybeans
2. Grain handling and storage capacity
Number of legs
Capacity of each (bushels/hr) > ’ R

Number of bins
Total storage capacity

3. Grain receiving (note approximate percent)

Truck Boxcar Hopper car Barge
4. Grain shipping (note approximate percent)

Truck Boxcar Hopper car Barge

5. Total annual throughput (bushels)

6. Miscellaneous Information:

Use of grain dryers:  yes no

Use of grain cleaners/scalpers: yes no

Source of grain (note approximate percent):
Direct from farmers Other smaller elevators

Shipment (note approximate percent):
Flour and feed mills Other bigger elevators
Export

Is any dust collection system used? yes no

If yes, how is the collected dust disposed of:
Trucked to dump sites Recycled to grain
Sold to
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Process Opacity Readings

Activity during inspection Opacity
Yes No Unknown % (0 - 100)

Rail load in
Truck dump
Load out
Head house, scale/garmer,

distributor floors
Gallery windows
Truck path and property line: clean dusty
Wind direction Speed Sky condition

Pranace Fmiccinne Mantura/Cantainmant Nara

1. Truck dump pit(s)
Operating Visible emissions
Pit floor and surroundings: clean dusty
Number of sides enclosed
If doors are provided, are they closed during unloading?
Is the pit aspirated?
Is the pit louvered?

————

2. Hopper receiving
' Operating Visible emissions
Receiving floor and surroundings: clean dusty
Is shrouding used?
Number of sides enclosed

If doors are provided, are they closed during unloading?
Is the pit aspirated?

3. Boxcar receiving
Operating Visible emissions
Receiving floor and surroundings: clean dusty
Unloading method and capture/containment system:
Car tilt and dust enclosure
"Bobeat' type shovel Other
Is aspiration used?
Estimate effectiveness of dust control
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4. Leg and Leg Boot

Operating Visible emissions
Boot area floor and walls: clean dusty
Aspirated?

If aspirated, is it equipped with damper?
Are dampers regularly used?

5. Tunnel belt bin discharge

Operating Visible emissions
Tunnel basement area f£loor and walls: clean dusty
Hood design: Belt enclosure Canopy

Pipe pickup Choke feed

Distance from belt
Is hood aspirated?

Damper? Use of dampers
6. Tunnel belt transfers
Operating Visible emissions
Transfer area floor and walls: ¢lean dusty
Aspirated? Damper? Use of damper

7. Head of leg/garner

Operating
Floor and walls: clean dusty
Aspirated?

If no aspiratiom, are legs/garner vented to atmosphere?
If so, opacity of vents (from the ground):

———————

8. Cleaner
Operating _
Floor and walls: clean dusty
Aspirated?
If cleaner is not enclosed, describe capture/containment system
if any:
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10.

11.

12.

13.

14.

Scale
Operating
Scale floor: <clean dusty
Agpirated

Distributor
Operating
Distributor floor: clean dusty

Gallery belt/tripper
Operating Visible emissions
Gallery floor and walls: clean dusty
Description of capture/containment system:

Truck/hopper car load out

Operating Visible emissions
Load out area: clean dusty

Number of sides enclosed

Is choke loading used?

Aspirated

Boxcar load out

Operating Vigible emissions
Load out area:; clean dusty

Numbexr of sides enclosed
Description of loading/aspirating sSystem:

Barge loading

Operating Visible emissions
Aspirated

Description of aspiration system:
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15. Grain drying
Operating Visible emissions
Dryer type Screen size

Control Device Analysis

1. Number of fabric filters

2, Number of cyclones

3. For each fabric filter or cyclone, complete an attached data sheet.
Present, below, a line-schematic of the dust control system includ-
ing pick up points, damper and comntrol device. :
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Dust Control Equipment:
Filter or. Cyclone

Damper A" Damper
L ]
Gallery Leg and Grain ’l' ’1/ ‘P 1' Truck
Belt Leg Boot Transfer Dump
Trippers to Boot Distributor Pit
Chutes
Figure E~5 ~ Logical layout of dust capture and control system

for Level II inspection.
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The revised Level II inspection 1s expected to provide the following
general information relative to the dust capture/control system,

1. Identification of:
« Internal and external operations which are aspirated;

« Operations which have no aspiration but other proven
methods of dust control are used; and

« Operations where no attempt is made to capture dust,

2. A logical layout of the dust capture and collection system, which
will be useful for operational checks and for the identification of any prob-
lem in the system when noncompliance is indicated during later wvisits,

3. A qualitative judgment on the effectiveness of the dust capture
and control system. This 1s based on the visual inspection of internal op-
erations, cleanliness of floors, wall, load-in and load-out areas., The over-
all effectiveness can be estimated once the inspector gains familiarity with
the operation of general dust collection systems in grain elevators,

4, Reasonable conclusions on the regularity of use of the suction sys-
tem at various pick-up points and on proper use of the entire dust control

system, according to operating specifications,

Additional Field Inspections

During October, a second group of Level I and Level II field inspections
were conducted to complete the original protocol for the SIP inspections,.
Level II1 inspections were repeated at the four Class ¢ elevators which had
been inspected during June. Those elevators inspected using Level I and Level
11 procedures included:

« Nine Class A and three Class B elevators which were inspected
with Level I and Level II procedures to complete the SIP inspec-
tions,.

« Six Class C and three Class D elevators which were inspected
with Level I procedures to compare results with those obtained
in June,

. Eleven elevators of unknown class which were inspected by Level
I procedures on an ''as seen' basis by the Level I inspector.
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RESULTS OF ELEVATOR INSPECTIONS

Compliance with Rules 13 and 14

The basic findings of each level of inspection in July was that the
elevators in Nebraska are generally in compliance with respect to Rule 13,
the visible emissions regulation and Rule 14, the prohibition of visible
emissions beyond the property line. As shown in Table E-3, only one elevator
was determined to be out of compliance, It should be noted that the location
of an elevator's property line was often difficult to ascertain, making deter-
mination of compliance with Rule 14 questionable. The Level III inspection
did identify one Class C elevator which was in violation of Rule 18, that
prohibits excessive occurrences of control device malfunctions.

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

Level 1 Level II Level III
Compliance status Compliance status Compliance status
Class In Qut In Out In Out
A 3 0 3 0 - -
B 9 0 9 0 - -
C 5 1 6 0 4 0
D 5 0 5 0 4 0
As with the July inspecticns, most of the zlcvators appeared to be in

compliance with the opacity and fugitive emission regulations., As can be

seen from Table E-4, a total of 38 of the 48 inspections found the elevators
to be in compliance., However, a much greater number of elevators were found
out of compliance in October, the '"busy season,' than had been identified
during July. In particular, all six Class C elevators were found in comp liance
by Level IT inspectors and only one was found out of compliance by Level I
inspectors during the July inspections., However, three of the six were found
out of compliance (all with respect to load-out operations) during October.
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TABLE E-4. COMPLIANCE STATUS OF GRAIN ELEVATORS WLTH RESPECT TO
VISIBLE EMISSIONS AND FUGITIVE EMISSIONS
REGULATIONS DURING QCTOBER INSPECTIONS

Level I .. Level II Level IIT

Compliance status Compliance status Compliance status
Class In Qut in Out in Qut
A 8 3 8 1 - ) -
B 3 0 1 2 - -
C 3 3 - - 4 0
D 2 12/ - - - -
Unknown 8 1 - - - -

a/ Source out of compliance was load-out of fabric filter catch.

Elevator Compliance with Nebraska Rule ngg/

The findings from Level III also address compliance with Nebraska Rule
18, a prohibition of excessive malfunction of control equipment. The exact
number and duration of elevator fabric filter breakdowns could not be deter-
mined during Level III inspections. However, it was possible to determine
the adequacy of fabric filter maintenance programs at the elevators, and
from these determinations to assess the probability that breakdowns are un-
necessarily frequent, Fabric filter maintenance was judged on the basis of
filter appearance at the time of inspection, knowledge of plant personnel
in filter system operation, and disgussions with plant personnel about mainte-
nance schedules. One elevator was judged to have sufficiently frequent break-
downs to be in violation of Rule 18,

During the June Level III inspections, major maintenance problems were
discovered in fabric filter systems at Elevators 3, 6, 7, and 8, and less
serious problems were discovered at Elevators 1 and 4, PEDCo inspectors ad-
vised the management at each of the six elevators of the filter problems.
The management at Elevators 1, 3, 4, and 8 demonstrated that existing main-
tenance practices would correct the problems within a reasonable amount of
time and that the problems would not recur at an excessive frequency. The
managers at Elevators 6 and 7 were not aware of their filter problems, did
not fully understand the causes of the problems, and had no specific plans
to correct the problems.
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The filter system at Elevator 6 had a plugged hopper which was completely
filled with dust, several filter cleaning solenoids that were inoperative, a
differential manometer which was inoperative, several leaks in the filter
hatch seals, and a cleaning system air compressor which injected moisture into
the filter. The power supply to several solencids had been disconnected, in-
dicating that malfunctioning solenocids were routinely removed from service
rather than repaired. Large accumulations of dust were observed beneath the
dust hopper access door indicating that the hopper had also plugged on pre-
vious occasionss. Plant maintenance personnel did not realize that moisture
entering the filter from the compressor and through hatch seals was a prob-
able cause of hopper plugging. They felt that the filter system was not de-
signed properly and they had not instituted a preventive maintenance pro-
gram for the system,

The October inspection at Elevator & revealed that most of the filter
problems had been repaired. The plant management had enlisted the filter
manufacturer's service department to perform the necessary filter mainte-
nance., As a result, plant personnel were more aware of proper operation and
maintenance procedures for the filter and PEDCo inspectors concluded that
future malfunctions would not be excessive,

The filter system at Elevator 7 was inoperative during the June inspec-
tion, The plant manager explained that the rotary alr lock had seized be-
cause a filter bag cage had probably broken loose, He further explained that
his maintenance personnel had not yet had time to repair the system. It was
immediately apparent to PEDCo inspectors that elevator personnel had not
investigated the filter malfunction. A brief internal inspection of the fil-
ter revealed no fallen bag cages. However, the rotary air lock was inopera-
tive and there was evidence of o0il leaking from the cleaning air compressor
into the filter. PEDCo also found ¢ne torn filter bag which caused visible
emissions of up to 20% opacity when the system was temporarily energized,

In contrast to Elevator 6, filter system maintenance at Eievator 7 had
not improved by October, The filter was again inoperative and plant person-
nel were again too busy to attempt repairs. The condition of the filter was
relatively unchanged and the knowledge and interest of plant personnel in
filter operation and maintenance had not improved. It is apparent that the
frequency of malfunction at Elevator 7 counstitutes a vielation of Rule 18,

Observations Regarding Emissions Control Systems

Several observations were made regarding emissions control at the ele-
vators inspected during July Level II inspections. Almost all of the larger
elevators--Classes C and D--were found to be equipped with dust collecting
systems. A large number of the systems consisted of fabric filters and some
of the filters were also provided with cyclone precatchers., Except for a
few elevators, the dust control systems were in operation and the facilities,

142




in general, were in compliance with the opacity (ducted source) and fugitive
emissions standards. Some of the facilities, though in compliance, were not
running the filters according to the design specifications or at the optimum
effective operating specifications. A few of the filters were found to have
plugging and baghole problems resulting in complete shutdown of the dust
capture and collection systems., The operator had very little knowledge of

the operation and maintenance requirements of the system. He had no incentive
to repair the equipment and put it back in operation without much delay.

The common problem appears to be that owners and operators of such facilities
were not convinced about the advantages of a well-operated dust collecting
system and the resulting ''clean" facility. On the other hand, elevators which
had operated an effective control system over a period of time realized the
merits of such a system and seemed to be proud of it. It appeared that educating
the owners and operators of grain elevators on the merits and worthiness

of dust control systems is an important prerequisite to an effective regula-
tory and monitoring program.

In large elevators, most of the internal operations, such as boot trans-
fers, tunnel belt bin discharge, scales, distributors, etc., were aspirated
to the dust control equipment., Even though the dust collector exhaust showed
no visible emissions, the internal dust pick-up areas themselves were, in
some instances, quite dusty. This was caused by: (a) poor aspiration, i.e.,
not enough air suction to prevent the dust from flying out of the containing
hood; and/or (b) not opening the damper provided in the air take-off duct
when the particular operation was on,

Load-out chutes leading into trucks, hopper cars, and boxcars were sel-
dom equipped with aspiration ducts. Choke-loading was almost never used when
loading trucks and hopper cars. The general industry trend was toward using
exclusively hopper cars, doing away with boxcars because of their difficult
and time consuming unloading operation., Boxcars were unloaded mostly by me-
chanical shovels ('"Bobcats' or augers) and the grain freefalls about 5 to
6 £t befo.e reaching the aspirated pit. Mechanical shoveling was invariably
a dusty operation compared to the more sophisticated car-tilt systems which
were usually provided with rubber dust-capture hoods. It was reasonable to
conclude that dust-capture systems for the car load-in and load-out areas
were still evolving, at least in the larger elevators that were inspected,

Many of the Class A and Class B elevators that were inspected did not
have any dust control system, This finding was particularly surprising since
it was expected that even the smaller country elevators would have a cyclone
or two to collect the dust from the dump pits, However, the few Class A and
Class B elevators that were inspected when in operation, were found to be
in compliance with respect to opacity and fugitive emission standards, though
some only marginally.
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Level III inspectors found that many elevator particulate control systems
had operation and maintenance problems which resulted in increased particulate
emissions without causing violations of particulate emission regulations
(Table E~5)+ Some of these problems could be corrected with minimal effort
and investment by the elevators. Improvements possible in particulate con-
trols generally fit into one of two categories. Some elevators could reduce
particulate emissions by providing better containment of fugitives generated
at loading and unloading facilities. Other elevators could reduce particu-

late emissions at dump pits or improve evacuation of tunnels and galleries
by maintaining fabric filters in better condition,

Fugitive emissions generated at several truck dump pits could be more
effectively contained i{f elevator personnel had used existing dump shed doors.
PEDCo inspectors did not see any dump shed doors in use during any of the
Level III inspections. Fugltive emissions at load-out stations were controlled
with varying degrees of success, For example, the rail load-out station at
Elevator 3 produced significant quantities of fugitive dust because the sta-
tion was not enclosed and it utilized the free fall method of feed. The rail
load-out station at Elevator 1 employed choke type feeding within a shed
open only at the ends, which provided greater control of fugitives.

Fabric filter maintenance problems included moisture inleakage through
pulse air jet air compressors, inoperative pulse air solenoids, low air pres-
sure in pulse air and reverse air cleaning systems, and temporary scaffolding
left in hoppers. These problems often resulted in bag blinding, which reduces
capture velocities at dump pits, tunnel belts or galleries. These same prob-
lems sometimes led to hopper plugging, causing the filters to be removed
from service for repairs, Other filter maintenance problems included torn
bags which reduced filter dust removal efficiencies, and inoperative instru-

mentation which reduced the ability of maintenance personnel to diagnose
problems,
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GLOSSARY
beeswing: a light flaky material that breaks off from corn kernels during
drying, causing a significant nuisance and visible emissions problem.
bin: The primary storage facility in both country and terminal elevators.
In newer elevators they generally are concrete silos 70-80 ft high
attached to the main elevator facility.
bobecat: A small front end loader used to unlocad grain from boxcars.

boot: The bottom of the elevator leg.

boxcar: A roofed rectangular freight car with sliding doors on both sides
that is used to transport graine.

bulk carrier: A ship which has an empty hull compartmented by a series
of bulkheads generally with no internal decks.

butterworth: A small hatch (11-12 in. in diameter) in the deck of a tanker
that is used to fill voids in the cargo.

column dryer: A type of dryer in which the grain falls continuously in
a double column. Air enters through the bottom and exits both sides.

country elevator: An elevator which receives the bulk of its grain directly
from the farmer.

distributor: A device in the elevator headhouse which receives grain from
the leg and transfers it to the appropriate bin, belt, scale, or load-
out operation.

dump pit: An underground concrete hopper covered by a grate which receives
grain from a truck or rail car and transfers it to the leg boot.

gallery: ‘Enclosed area located on top of the bins which contains the belts
and auxilliary equipment used to transfer the grain to the bins.
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garner: A surge bin which continuously receives grain from the leg and
transfers it intermittently to the scale.

hardhat: Large hatch ( 3 ft in diameter) which is used for the primary
filling of a tanker.

headhouse: Structure located at the top of the elevator which contains

the drive apparatus and top of the leg where grain is dumped from the
buckets.

hopper car: A freight car with a removable top and a floor sloping to one
or more hinged discharge doors which is used to transport grain.

inland terminal elevator: 4an elevator which functions as a storage or trans-
fer house, ships grain by rail, truck, and possibly barge, and has
a leg capacity of at least 35,000 bu/hr.

leg: Enclosed bucket elevator which transports grain from the bottom to
the top of the elevator.

port terminal: Elevator located at a seaport with at least 35,000 bu/hr
receiving leg capacity which receives zrain by truck, rail, or barge
with shipments by ships

rack dryer: Type of grain dryer in which air enters from one side and cir-
culates through grain which is falling over a series of racks and exits
through the opposite side.

tanker: Ship designed for carrying liquids which can be used for grain
transport. The hold has a series.of decks which have "“hardhat'' and
"butterworth' hatches for grain loading.

Anarrinra fm PhAa ~
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tunnel: The area underneath the bins which contains a conveyor belt for
transfer of the grain from the bins to the boot.

'tween decker: An older type of ship used to transport grain. The hold
has two horizontal cargo decks with a large opening in the center.
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