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2 I UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
w7 3 RESEARCH TRIANGLE PARK, NC 27711
¢ paott®

OFFICE OF
AIR QUALITY PLANNING
AND STANDARDS

. Mr. Robert W. Crolius : : DRAF?

Vice President

American Portland Cement Alliance
1212 New York Avenue, N.W., Suite 500
Washington, D.C. 20005

Dear Mr. Crolius:

As you know, the Emission Inventory Branch of the
U. S. Environmental Protection Agency (EPA) is in the process of
updating the document Compilation of Air Pollutant Emission
Factors, Volume I: Stationary Point and Area Sources (known more
commonly as AP-42), As part of this process, we are now seeking
comments on the draft sections that are to be included in this
update of AP-42.

Chapter eight of AP-42 addresses the mineral products
industry and is cone of the chapters being updated. Enclosed is a
copy of the draft Section 8.6, Portland Cement Manufacturing, and
the corresponding background report for the section. We would
appreciate it if you would distribute copies of the enclosed
draft AP-42 section and background report among your members for
review and send us your comments. Unfortunately, we are on a
very tight schedule, and it is important that we have all
- comments by September 30, 1993 if we are to include a revised
Section 8.6 in the fifth edition of AP-42, which is scheduled for
publication this fall.

We appreciate the assistance provided by your organization
in compiling data for the 1991 revision to AP-42 Section 8.6, and
we look forward to your assistance in reviewing the enclosed
draft AP-42 section. In preparing the enclosed background report
and draft AP-42 section on portland cement manufacturing, a
number of issues were raised that could not be resolved with the
information on hand. The following paragraphs describe the more
important of these issues. In order to make the fullest use of
the test data and other information available to us for this
revision, several assumptions were made about how the data should
be interpreted. We would appreciate your input on the validity
of these assumptions and on other information you can provide to
improve the draft AP-42 section.
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Wwith few exceptions, the emission factors presented in AP-42
are based upon results from validated tests or other emission
evaluations that are similar to EPA reference test methods, and
revisions to the emission factors presented in AP-42 sections
must be supported with documented test results. At a minimum,
each emigsion factor in AP-42 is defined in terms of a unique
combination of emission source, pollutant, and air pollution
control device. As you can see from the enclosed background
report, approximately 80 emission test reports were reviewed in
the process of developing the revised draft AP-42 section on
portland cement manufacturing, and many of the emission factors
presented in the draft AP-42 gection are based on several
emission tests. We are reasonably confident that the emission
factors based on several tests (ten or more) are representative
of the portland cement manufacturing industry. However, due to
the sparsity of data, the majority of the emission factors in the
enclosed draft AP-42 gection are based on no more than five
emigsion tests. For many of these emission factors, we have no
reason to suspect that the data are not representative. However,
in a number of cases of emission factors based on a small number
of tests, there are inconsistencies in the data that cannot be
rectified using only the data presented in the individual tests
reports. In such cases, we would like your assistance in
identifying the likely reasons for these inconsistencies. If you
believe that some of the test data used in developing emission
factors for the draft AP-42 gsection should be excluded, we
request that you provide the engineering basis for excluding the
test results in question.

An example of apparent inconsistencies in test data is the
emission factor for SO, emissions from long dry process kilns.
An average emission factor of 6.9 kilograms per megagram of
clinker produced (kg/Mg) (14 pounds per ton [lb/ton]) was
developed from the data on long dry process kilns. (In the
current AP-42 section, the emission factor for SO, emissions from
long dry process kilns is 3.5 kg/Mg [7.0 lb/ton].) The revised
emission factor is based on the results of five emission tests.
The data in each of two of the tests (both conducted in 1977 on
two kilns at the same facility) resulted emission factors of 14
kg/Mg (28 1lb/ton). The 50, emission factors developed from the
other three tests averaged 2.1 kg/Mg (4.2 lb/ton), which is more
comparable to the SO, emission factor for long dry process kilns
in the current AP-42 section and is likely a more representative
value. However, using only the information included in the test
reports, there is no basis by which we can exclude the 1977 test
data or average the results with the other test data in a more
appropriate fashion. Please suggest alternative methods for
handling these data that you feel would improve the estimate.

The CO, emission factors for the different types of kilns
are another example of inconsistencies between the data and
expected results. As energy efficiency increases, the CO,
emission factor would be expected to decrease. However, the
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emigsion factors for long, dry process kilns, dry preheater
process kilng, and dry preheater/precalciner process kilns are
essentially equal. Are these results reascnable based on your
understanding of the relative energy requirements of these
processes?

The issue of estimating SO, emissions from portland cement
kilns also has been the subject of controversy for several years.
Our understanding is that the magnitude of SO, emissions from
portland cement kilns is primarily a function of the sulfur
content of the fuel used to fire the kiln, the sulfur content of
the raw material, which varies enormously, and other operating
conditions. We would like your assistance in identifying how we
can evaluate material and process parameters to develop a more
reliable method for estimating SO, emissions from portland cement
kilns. Please note that several of the emisgsion test reports
reviewed for this revision to AP-42 included fuel sulfur
contents, as indicated in the background report. However, none
of the reports provided a chemical analysis of the raw materials,
and very little information is included on operating parameters
during the emission tests.

As is the case in previous versions of AP-42 Section 8.6,
the enclosed draft section presents kiln emission factors on the
basis of mass of pollutant emitted per mass of clinker produced.
However, many of the test reports reviewed provided process rates
on the basis of raw material feed only. In order to convert the
procegs rates from a feed to a production basis, the reports that
provided both feed and production rates were used to develop
conversion factors of 1.7 (feed to production) for wet,
preheater, and precalciner process kilns and 1.6 (feed to
production) for long dry process kilns. If your knowledge of the
industry indicates that these conversion factors are inaccurate,
we would appreciate your input on how we should convert raw
material feed rates to clinker production rates.

In the enclosed draft AP-42 section, emission factors for
criteria pollutants are provided for each of the four types of
pyroprocesses (wet, long dry, dry preheater, and dry preheater/
precalciner) for which data were available. However, because of
the sparsity of data and the relative consistency of emission
rates among different types of pyroprocesses, we developed the
emission factors for emissions of metals and organics by
combining the emission data on all types of kilns. We would
appreciate hearing your comments on the efficacy of this approach
to combining (or not combining) data on different pyroprocess
types. Any information you could provide on which pollutants (or
groups of pollutants) are likely to be unaffected by type of
pyroprocess would be helpful; combining data from tests on
different pyroprocess types would increase our data base and
thereby improve the emission factors in AP-42.
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A final issue that we would like to highlight concerns the
effects of fuel type on emission characteristics. In the
enclosed draft AP-42 section, we have not differentiated emission
factors by fuel type. The primary reason for disregarding fuel
type is that the majority of the tests documented were conducted
on coal-fired kilns, and the data on emisgions from kilns fired
with other fuel types (other than waste derived fuels} were
sparse and generally dated. As for waste derived fuels, the
available data indicate that emissions of metals and organic
pollutants from kilng fired with waste derived fuels are
comparable to emissions from kilns fired with conventional fuels
(coal, oil, and gas). However, until we can research this matter
further, we have decided not to include emission data from kilns
fired with waste fuels. Please comment on the need to provide
kiln emission factors by fuel type and your understanding of the
effects that different fuels types may have on emission
characteristics.

We appreciate your cooperation and look forward to receiving
your comments., If you have any questions, I can be reached by
telephone at (919) 541-5407 or by fax at (919) 541-0684.

Sincerely,

Ronald E. Myers
Emission Factors and Methodologies Section
Emission Inventory Branch

2 Enclosures

cc: Mr. Walter L. Greer
Mr. Mallory S. May

OAQPS/TSD/EIB:RMyers, rm 455B, 4201 Bldg., 541-5407, MD-14
(MRI/RMarinshaw/LKaufman/677-0249/08/06/93)
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PREFACE
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performed in MRI's Air Quality Assessment Section. The author of the report
was Mr. Fred Bergman. Mr. John Kinsey provided technical support and review.
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M;jHEST RESEARCH INSTITUTE ; [

arles F. Holt, Ph.D., Director
Engineering and Environmental
Technology Department
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SECTION 1

INTRODUCTION

The Criteria Emissions Section of the Monitoring and Reports Branch (MRB)
has responsibility for developing and maintaining the document Compilation of
Air Pollutant Emissions Factors, AP-42, which is a basic source of emission
factors used in preparation of State Implementation Plans (SIPs), review of
Prevention of Significant Deterioration (PSD) applications, New Source Review
Permit Applications, and other Federal, State, and local assessments of air
pollution sources.

This report presents a review of a proposed revision for Section 8.6 of
AP-42. The proposed revision was prepared by a consultant of the Portland
Cement Association. The review covered (1) evaluation of the appropriateness
of the emission data used, (2) evaluation of the data treatment, (3) evalua-
tion of the background document, (4) review of the emission factor rating, and
(5) a review of the section text.
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SECTION 2

EMISSION DATA EVALUATION

2.1 REVIEW OF INDIVIDUAL DATA SETS

The report on testing at the Cal Met/Coulton Plant did not contain
calibration data to support the continuous emission monitors (CEMs) results.
The statement made that the CEMs were granted certification by the District
Engineers was insufficient to justify an A rating for the report. The results
were, therefore, lowered to a B rating.

The Gilford-Hi11/Riverside plant report contained a number of
deficiencies. The coal analysis was reported to be done by the Kjeldahl
Method. This method consists of three parts: digestion, distillation (to
remove interferences), and measurement {titration). The testing organization
performed the digestion and then used instrumental methods for analysis
without the distillation. The report stated the presence of interferences
degraded the results. The results of the nitrogen analysis is questionable.

Also at the Gilford-Hil11/Riverside plant, there was no certifications of
the CEMs, the main flow calculations were in error, and the NOx method used
was nonstandard. An integrated bag (Mylar) sample was collected for later
analysis. (Note that 1losses of NOx in Mylar have been documented and
published.) There were also no holding times provided on the bag samples and
no sample stability (decay rate) information provided.

Finally, the Gilford-Hi1l test report identified cyclonic flow at the
test location, and the test organization either took no correction action or
did not report the action taken. Moisture in the stack was also not measured
in the same time frame as the NOx sampling occurred. In addition, the report
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stated in "Discussion of the Test Program" that all data were collected during
upset conditions. Because of the above factors, the rating of the test was
lowered from A to D.

The Lafarge Corp./Alpena, Michigan and the Lehigh Plant/Waco, Texas
retained B ratings. We also agreed with the decision to omit the Oklahoma
Cement /Pryor data.

The Southwest (SW)/Black Mountain, California report retained a B rating
for the October 9, 1980, test. The other two tests retained a B rating for
NO, measurements, but the S0, data were reduced to a D rating. This reduction
was based. on observations that the method employed for SO, probably measured
total sulfates.

The test results from Gilford Hi11/TX were reviewed. We agreed with the
decision to eliminate the Gilford Hi11/TX test data.

Data from Lehigh/Camenton retained a B rating. However, Lonestar, Miami,
Florida was reduced from an A to a B rating. This reduction was made because
the report consisted of data only.

The Lonestar/New Orleans tests performed on November 11 and November 13,
1981, were given a C rating because they did not use standard procedures. The
tests performed in May of 1982 and March of 1984 were reduced from B to C
ratings. This reduction was made because the method employed for S50, was
. nonstandard.

The Southwestern/Victorville test performed on August 5, 1980, was
reduced from a B rating to a C. This reduction was made because the NO,
sample was collected in a Tedlar bag for later analysis (nonstandard) and the
S0, was collected in a nonstandard and incorrect train. The SW test performed
on October 9, 1980, was reduced from a B to a C for the same reason.

The Ashgrove/Durkee and the Calaveres/Bedding tests retained their B
ratings.
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The Lehigh/Buda, Texas plant report was reduced from a B to a C rating
because the report contained no supporting data, and no even the methods used.

The Lonestar/Maryneal, Texas report was not reviewed (could not be
located) and the SW/Fairborn test remained rated B.

The SW Florida Mining and the SW/Kosmosdale were reduced from a B to a C
rating. The reduction was made because the reports contained only data with
no supporting information.

The SW/Odessa values for NO, remained rated A but the S0, data were
reduced to a C rating. The reduction was made because the SO0, train varied
from the EPA method making the results questionable.

The Cal Mat/Majave test remained B, as did the Lonestar/Davenport data.

The S0, data from the Marqu%tte/Cape Girardeau and Lonestar/Cap Girardeau
both remained rated B.

SW/Leamington remained an A but the SW/Victorville tests conducted in
1985 and 1987 were reduced from an A to a D. The reduction was made because
the CEMs were not certified at this source. The test organization calculated
an F factor using CEM data which is specifically forbidden {only Orsat is
acceptable). In addition, the probe washings were evaporated on a hot

plate. 2 Ulowclle Xl peomo OK

Also in the SHZEEEEEE§;§§E>rep°rt “the test organization stated the CO
analyzer was CO0,-corrected but did not correct for the water interference.
The CO data should be obtained on a dry gas stream not one provided by a
preconditioner operating at 70°F. In addition, if the correction made on the
C0 data by calculation were acceptable, how does the test organization explain
drifts of %75 ppm and errors of 100% when the system was spanned at 200 ppm?
A final problem was the report's conclusion that the NO, values were valid
because they were checked using EPA Method 20, when Method 7 should have been

used. The same problems were observed in all of the tests performed during
this reported test period.
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2.2 REVIEW OF THE DATA TREATMENT REPORT

The main thrust of the Data Treatment Report was the use of a statistical
evaluation of the data. This approach was employed partially to overcome the
variability of the data. However, it was our finding that much of the vari-
ability was eliminated during the above data reassessment. The NO, data of A
and B ratings varied from 2.31 to 6.70 1b/ton. This compares to the previous

values of 1.68 to 17.5 1b/ton. In the case of S50, the new evaluation ranged - -

from 0.32 to 7.25 1b/ton where the previous values were 0.03 to 18 1b/ton. As
can be seen, the data variability was diminished by the new ratings discussed
in Section 2.2. '

2.3 REVIEW OF THE BACKGROUND DOCUMENT

There seems to be a problem within the treatment of sulfur oxide in the
Background Document. It was our understanding that the emission factor was to
be developed for sulfur dioxide (S0,) not SO,. However, most references in
the Background Document and the Proposed Section Revision uses the summary
term sulfur oxides (SO,). This term includes sulfur dioxide, sulfur trioxide,
and sulfates. In fact, only Section 1.4.2 in the Background Document uses the
term SO0,. In addition, Reference 3 of the Background Document uses the term
S0, but the test refers to these data as S0,. References 7, 11, 22, and 23
refer to SOx in their titles and references 14, 17, 27, 29, and 31 refer to
S0,. In reality, the term used in various titles seldom represents the form
measured during the tests.

EPA Method 6 and CEMs are the correct way to measure S0,. Method 8
measures S0, plus sulfuric acid mists (the form of S0; found in a gas stream
containing moisture). To obtain total 30, would require the use of a Method 8
train plus a sulfate determination on the particulate catch. In addition, the
determination of so-called S0, using & CEM, as is reported in many of the
documents, is not possible since the conditioning system used would remove any
S0,.

The reference documents and the background were, therefore, reviewed with
these facts in mind. Much of the sulfur oxide data was lowered to either a C
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or a D rating because it did not represent SO, concentrations. It is, there-
fore, recommended that all references to 50, in both the Background Document
and the proposed Section 8.5 of AP-42 be changed to S0,.

We are in agreement to the exclusions of data from Oklahoma Cement/Pryor
and Gilford-Hills No. 3 kiln described in the Background Document Sec-
tion 1.4.2. In addition we excluded data from Gilford-Hi11 Riverside, the S0,
data from SW Back Mountain, and the SW Victorville kiln No. 2 data. -Explana-
tion for these exclusions were provided in Section 2.1.

The proposed values in Section 1.5 of the Background Document should be
changed to reflect the change in data resulting from this review.

Table 1 contains all A and B rated emission factors derived from the
experimental data.

TABLE 1. A AND B EMISSION FACTORS FOR PORTLAND CEMENT KILNS

Reference Reference
Kiln type S0, 1b/ton No.d NO,. 1b/tans No.?
Dry process 6.72 4 6.60 1
7.25 5 6.70 1
- - 4.25 4
- - 6.16 5
- - 5.17 8
- - 5.16 9
Average 7.0 Average 5.7
Wet process 4.51 20 5.23 15
Preheater - 5.78 32
- - 5.64 33
- - Average 5.5
Precalciner 0.77 36 2.81 36
1.00 36 3.43 36
1.45.. 36 4,49 36
0.32 337> 8.62 39
1.25 38
Average (1.0, , Average 4.8

\ o = .t"l

2 gee Table 1 of Appendix for reference nUmrering.
o (/‘/
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Because of the scarcity of data rated A and B, C rated data were used to
develop emission factors for SO, and NO, for wet process kilns and a 350,
factor for preheaters. The individual € rated values and their averages are
presented in Table 2.

TABLE 2. C RATED EMISSION FACTORS FOR WET PROCESS CEMENT KILNS
AND PREHEATER KILNS

Reference Reference

Kiln type $0, 1b/ton No.d NO, 1b/tons No.2
Wet process 2.76 12 5.23 15

18.08 13 5.63 15

4.54 15 7.71 15

0.40 15 3.69 17

1.93 15 3.40 17

4.70 16 9.10 22

1.76 16 4,05 22

6.12 17 14,70 22

5.32 17 17.30 23

14.20 19 11.00 23

0.39 22 -

0.48 22 -

0.99 22 -

8.02 23 -

2.71 23 -

3.60 21 -

8.80 21 -

15.90 21 -

5.40 21 -

13.70 21 -

Average 6.0 Average 8.2

Preheaters 0.85 25

1.59 26

2.04 29

0.07 31

0.09 32

0.01 82

Average 0.8

8 See Table 1 of Appendix for reference numbering.
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Based on the above data we propose that the emission factors given in
Table 3 be used in place of those provided in the document reviewed.

TABLE 3. PROPOSED EMISSION FACTORS

S0, 1b/ton NO, 1b/ton
Kiln type (kg/Mg) Rating (Eg/Mg) Rating
Dry process 7.0 (2.9) B 5.7 (2.4) B
Wet process 6.9 (2.5) C 8.2 (3.4) C
Preheater 0.8 (0.3) C 5.5 (2.3) B
Precalciner 1.0 (0.4) B 4.8 (1.7) B




SECTION 3

AP-42 SECTION

The text of the proposed AP-42 section has been reviewed and revised to
that shown in the following pages. A number of editorial changes have been
included. The figure numbers have also been changed to match the text and the
discussion of alternate fuels was changed to eliminate the implication that
kilns are operated on 100% alternate fuels. To our knowledge kilns are not
been operated on 100% waste.

Table 1, Emission Factors for Cement Manufacturing for Particulate, NOX,
and SO, (Appendix), does not provide units for the proposed numbers. Compari-
sons with the units in Table III of the Methodology Development Document
implies that the unit of 1b/ton is correct. The term SO, in the table heading
should also be changed to S0,.

The values for particulates given in Table III do not agree with the
values currently contained in Table 8.6-1 of AP-42. There was no discussion
in the documents reviewed to explain the different numbers. It is, therefore,
proposed that the particulate levels provided in the existing Table 8.6-1 be
retained with the NO, and SO, values changed to reflect the new data.
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8.6 PORTLAND CEMENT MANUFACTURING
8.6.1 Process Description

Most of the hydraulic cement in the United States is portland cement.
Portland cement, a cementitious, crystalline compound composed of metallic
oxides, is produced by a pyroprocess in a rotary kiln from raw materials,
e.g., limestone, shale, clay and sand, containing calcium carbonate and
aluminum, iron, and silicon oxides. The steps of this process are shown in
Figure 1. This manufacturing process may be conveniently divided into five
stages correlated with location and temperature of the materials in the rotary
kiln:

1. Evaporation of uncombined water from raw materials occurs as

material temperature increases to 212°F.
, 2. As the material temperature increases from 212°F to approximately

800°F, dehydration and precalcination occur.

3. Between 800° and 1650°F, calcination occurs in which carbon dioxide
is liberated from the carbonates.

4, Following calcination, sintering of the oxides occurs at tempera-
tures up to 2750°F in the burning zone of the rotary kiln.

5. Following sintering, cement clinker is produced as the temperature
of the material decreases from 2750° to 2500°F.

The raw material mix enters the kiln at the elevated end (Figure 8.6-1),
and the burner is at the opposite end, The raw materials are then changed
into cementitious oxides of metals by a countercurrent, heat~exchange pro-
cess. The materials are continuously and slowly moved to the lower end by the
rotary movement of the kiln. The fuel burned in the kiln is natural gas, oil,
or coal. Since 1974, many cement plants have converted to coal but recently
supplemental fuels such as waste solvents, chipped rubber, shredded municipal
garbage, and coke have been used.

There are three variations in the cement manufacturing process, 1i.e.,
wet, dry, and dry preheater/precalciner processes. These processes are essen-
tially identical relative to the manufacture of cement from raw materials.
However, the type of process does change the equipment design, the method of
operation, and the consumption of fuel. Fuel combustion is different between
wet and dry processes and the preheater/precalciner process. In the former,
all fuel combustion occurs in the kiln. In the latter, some fuel combustion
occurs in a precalcining or calcining vessel before the materials enter the
kiln (Figure 8.6-2). Generally speaking, the length of the rotary kiln and
the consumption of fuel decrease as the manufacturing process changes from wet
to dry to preheater/precalciner equipment for the same mix design of raw mate-
rials. However, the relationghip is not linear. The Btu/ton significantly
decreases as plant configuration changes from wet to dry to preheater/
precalciner.

Mineral Products Industry 8.6-1
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8.6.2 Emissions and Controls

Particulate matter, NO, and SOz, CO and CO;, are the primary emissions in
the manufacture of portland cement. But, emissions may also include minute
materials form the fuel and raw materials.

Sources of dust at cement plants include (1) quarrying and crushing,
(2) raw material storage, (3) grinding and blending (dry process only),
(4) clinker production, (5) finish grinding, and (6) packaging (see Fig-
ure 8.6-3). The largest source of emissions within cement plants is the kiln
operation, which has three units: the feed system, the fuel-firing system,
and the clinker-cooling and handling system., The most desirable method of
disposing of the collected dust is injection into the burning zone of the kiln
and production of clinkers from the dust. If the alkali content of the raw
materials is too high, however, some of the dust is discarded or leached
before returning to the kiln. In many instances, the maximum allowable cement
alkali content of 0.6 percent (calculated as sodium oxide) restricts the
amount of dust that can be recycled. Additional sources of dust emissions are
raw material storage piles, conveyors, storage silos, and loading/unloading
facilities.

The complications of kiln burning and the large volumes of macerials
handled have led to the adoption of many control systems for dust collection.
Depending upon the emission, the temperature of the effluents in the plant in
question, and the particulate emission standards in the community, the cement
industry generally uses mechanical collectors, electrical precipitators,
fabric filter (baghouse) collectors, or combinations of these devices to
control emissions.

Oxides of nitrogen (NOx) are generated during the fuel combustion by
oxidation of chemically bound nitrogen in the fuel and by thermal fixation of
nitrogen in the combustion air. As the flame temperature increases, the
amount of thermally generated NO  increases, and the amount of NO  generated
from fuel increases as the quantity of nitrogen in the fuel increases. In the
cement manufacturing process, there are two combustion zones in which NO_ may
be generated, i.e., the burning zone of the kiln and the burning zone of a
precalcining vessel (Figure 1). Also, the type of fuel burned will affect the
quantity and type of NO_ generated. Natural gas combustion with a high flame
temperature and low fuef nitrogen may generate a different quantity of NO,
than o0il or coal, which have higher fuel nitrogen but lower flame
temperatures.

The fuels vary in the cement manufacturing process. Generally, natural
gas is used only in the kiln, while coal and oil are used in the kiln and
precalcining vessel. Therefore, the generation and emission of NO_ are
related to the type of fuel burned and to the extent that fuel affects the
flame temperature and contains chemically bound nitrogen.

Presently, there are data to support only two types of reduction of NO
in the cement industry. First, for conventional wet and dry-process kilns,
NO_ emissions are reduced by fuel conversion with coal producing the least
amount of NO_. With new construction, the data are not yet clear. Some
preheater/precalciner systems have low emissions; others have high emissions.

Mineral Products Industry 8.6-3
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There is not a single type of preheater/precalciner system used in the
cement industry, instead there are at least ten different systems. Each sys-
tem appears rto have unique emissions properties. However, it does appear that
for a single system, oil in the calciner produces less NO_ than coal. The Nog
emissions from the preheater/precalciner appear to be related to their design.
Some have very low emissions and others have emissions in a mid-range of some
conventional or wet processes. At the present time, there are insufficient
data to choose a2 NSP system to minimize NO, emissions.

Sulfur dioxide may be generated from the sulfur compounds in the raw
materials, as well as from combustion of fuel. The sulfur content of both raw
materials and fuels will vary from plant to plant and with geographic loca-
tion. The alkaline nature of the cement, however, provides for direct absorp~
tion of SO, into the product. If a baghouse that allows the SO, to come in
contact with the cement dust is used, the overall control inherent in the
process is approximately 75 percent or greater of the available sulfur in raw
materials and fuel. Control, of course, will vary according to the alkali and
sulfur content of the raw materials and fuel.

The CO emissions are associated with the efficiency of the combustion
process, and the CO, is generally a release of 33 percent of the weight of the
limestone in the calcining process. Currently, there are no methods available
for reducing CO or CO, except process control for CO and reduction of
production for CO,.

8.6.3 Emissions Factors
Table 8.6~) through 8.6-4 give emission factors for cement manufacturing,
including factors based on particle size. Size distributions for particulate

emissions from controlled and uncontrolled kilns and clinker coolers are also
shown in Figures 8.6-4 and 8.6-5.

Mineral Products Industry 8.6-5
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TABLE 8 06-1 .

UNCONTROLLED EMISSION FACTORS FOR CEMENT MANUFACTURING®--COAL COMBUSTION

Emission Factor Rating: E
. b .. . .
Particulste Sulfur dioxide Nitrogen oxide Lead

Process kg /Mg 1b/ton kg /Mg 1b/ton kg /Mg 1b/ton kg /Mg 1b/ton
Dry process kiln 128 256 3.5¢ 7.0¢ 2.9¢ 5.7¢ 0.06 0.12

dryerd 48 96 - - - - 0.02 0.04
Wet process kiln 120 240 3.0% 6.0¢ 4.1% 8.2¢ 0.05 0.10

dryerd 16 32 - - - - 0.01 0.02
Clunker coolerf 4.6 9.2 - - - - - -
Preheater kiln - - 0.4¢ 0.8% 2.8° 5.5¢ - -
Precalciner kiln - - 0.5¢ 1.0¢ 2.4¢ 4.8¢ - -

SReferences 1-2, Expressed in terms of units of clinker produced, assuming 5% gypsum in finished
cement. Includes fuel combustion emissions, which should not be calculated separately. Dash indi-

cates no data.

Emission Factor Rating: B

CFmission Factor Rating:

B per Reference 13.

Expressed in terms of units of cement produced.

©Emission Factor Rating:

Reference 8., Emiasion Factor Rating!

C per Reference 13.




TABLE 8.6-2.

CONTROLLED PARTICULATE EMISSICN FACTORS FOR

CEMENT MANUFACTURING?E

Type Contrel Particulate Emission
of technology kg /Mg lb/ton Factor
source clinker clinker Rating

Wet process kiln Baghouse 0.57 l.1 c
ESP 0.39 0.78 C
Dry process kiln Multiclone 130D 260b D
Multicyclone
+ ESP 0.34 0.68 C
Baghouse 0.16 0.32 B
Clinker cooler Gravel bed
filter 0.16 0.32 C
ESP 0.048 0.096 D
Baghouse 0.010 0.020 c
Primary limestone
crusher¢ Baghouse 0.00051 0.0010 D
Primary limestone
screen® Baghouse 0.00011 0.00022 D
Secondary limestone
screen and crusher® Baghouse 0.00016 0.00032 D
Conveyor transfer® Baghouse 0.000020 0.000040 D
Raw mill systemC.d Baghouse 0.034 0.068 D
Finish mill system® Baghouse - 0.017 0.034 C

dReference 8. Expressed as kg particulate/Mg (1lb particulate/ton) of clinker
produced, except as noted. ESP = electrostatic precipitator.
bRaged on a single test of a dry process kiln fired with a combination of
coke and natural gas, Not generally applicable to a broad cross section
of the cement industry. ’
CExpressed as mass of pollutant/mass of raw material processed.
dlncludes mill, air separator and weigh feeder.
eIncludes mill, air separator(s) and one or more material transfer operations.
Expressed in terms of units of cement produced.

Mineral Products Industry 8.6-7
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TABLE 8.6-~3. SIZE SPECTFIC PARTICULATE EMISSION FACTORS FOR CEMENT KILNs®

EMISSION FACTOR RATING: D

Particle Cuaulative nass I { stated aizeb Cumulative eainsion factor ¢ stated sizeC
slze
{um} Uncontralled try Wet Baghouse Uncontrolled Dry process Wet procecs Bagtiouse
Wet Dry proceds process Wet Dry Wet Dry with with Wet Dry
procese process kiln with kiln with process proceaa Proceas Proceas aul ticloned ESP process rocesa
kiln kiln multiclaned ESP kiln kiln kg/Hg 1b/ton  kg/Mg 1b/toa ¥g/ng 1bjtonkg/Mg ibJtom &g/Mg ibj/ton kg/Hg 1b/ten
2.5 7.0 18 3.8 LT NA 45 B.4 17 23 46 5.0 10 0.25% 0.50 NA NA 0.073  0.15
5.0 20 NA 14 83 NA 17 24 48 - - 19 kL] 0.32 0.64 HA HA 0.13 0.26
10.0 24 42 24 85 HA B4 19 58 54 108 32 64 0.3 0.66 NA HA 0.14 0.28
5.0 35 b4 3 21 HA a9 43 86 37 114 41 B2 0.36 0.72 NA NA 0.15 0,30
20.0 57 RA 38 98 HA 100 68 136 - - 49 98 0.39 0.78 HA NA 0.16 0.32
Total mass emlsaion factor 120° 240 128%  256° t3f  260f o0.39f  o.78f  o.57f ).f o.16f  o0.32f

Speference 8. ESP = alectrostatic précipitstor. HNA = not svajlsble, Dash « no data.

baerodynealc dlameter. Percentageas rounded to two significant figures.

Cgxpressed as unit weight of particulate/unit weight of clinker produced, assuming 5%
gypsua in fintshed cement. Rounded to two significant flgutes,

dagsed on a aingle test, and should be used with caution.

“From Table 8.6-1.

frrom Table 8.6-2.




TABLE 8.6~4. SIZE SPECIFIC EMISSION FACTORS FOR
CLINKER COOLERS?2

EMISSION FACTOR RATING: E

Particle Cumulative mass % Cumulative emission factor
gized { stated size® < stated sized
(um) Uncontrolled Gravel bed filcter Uncontrolled Gravel bed filter

kg/Mg 1lb/ton kg/Mg 1b/ton

2.5 0.54 40 0.025 0.050 0.064 0.13
5.0 1.5 64 0.067 0.113 0.10 0.20
10.0 8.6 716 0.40 0.80 0.12 0.24
15.0 21 84 - 0.99 2.0 0.13 0.26
20.0 34 89 1.6 3.2 0.14 0.28
Total mass emission factor 4.6¢ 9,28 0.16f  o.32f

8Reference 8.

bAerodynamic diameter

CRounded to two significant figures,

. dynic weight of pollutant/unit weight of clinker
produced, Rounded to two significant figures.
€From Table 8.6-1.

fProm Table 8.6-2.
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Thia study and report have been prepared on thebehalfof, and
for the exclusive use of the Environmental Protection Agency
and the Portland Cement Association. This report and its finds
may be used for the purpose for which it was prepared: The
revision of the Emission Factors for Air Pollutant Emissions
from the portland Cement Manufacturing Process. This report
and ita findings shall not in whole or part, be used by any party
in whole or in part, for any other purpose, without prior written
consent of PSM. No warranty, expressed or implied , is made.
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METHODOLOGY FOR DEVELOPMENT
OF SO,/NO, EMISSION FACTORS

1.0 INTRODUCTION

This report provides the methodology for development of the emission factors for SO, and NO, as
provided in revisions of AP42 Section 8.6 by PSM International, Inc. Thisincludesrationalefor cement
kiln subdivision, criteria for rating and selecting data, and emission factor estimation. Emissions
were standardized to pounds (and kilograms) of emission species per ton (and metric tons) of clinker
produced 1bs/T or (kgs/MT).

1.1 EMISSION FACTORS ESTIMATION
1.1.1 DISTRIBUTIONAL ANOMALIES OF EMISSION FACTORS

Distributional anomalies of SO, and NO, data made estimation of emission factors difficult and
uncertain, Figure 1 shows the distribution in class intervals of all facility data for SO_and NO, data.
NO, (18 estimates from 25 facilities) exhibits an even distribution with five observations each in
intervals 2 - 4,4 - 6, and 6 - 8 Ibs/T and three observations greater than 8 Ibs/T. No transformation
applies to an even distribution to normalize its variation; the arithmetic mean or average adequately
estimates its central tendency. All of the data reviewed is shown in Table L.

The distribution of SO, emissions for the facilities (22 estimates from 25 facilities) did not fit any
reasonable distribution. While it resembles a Poisson or hypergeometric distribution, it fits neither
of these well; therefore, no transformation could be applied to normalize SO, data either. Plotsof data
for each facility by process type failed to reveal any more information regarding distribution (Figures
2,3,4, and 5).

1.1.2 ESTIMATION OF EMISSION FACTORS

Application of normal statistics to either of the data distributions discussed above would result in
anover estimation of the variance (dispersion about the distribution's central tendency). Consequently,
application of the standard approach to calculation of the upper 95% confidence limit (one- tailed)
would have resulted in an emission factor higher than it should be. However, prermse of the 95%
confidence limit was accepted as abasis for development of an alternative approach toemissionfactor
estimation,

By definition, the 95% confidence limit identifies 5% of legitimate observations as lying outside the
acceptable range about the mean. In the case of the SO, and NO, data in Table I (the same data as
are plotted in Figures 2, 3, 4, and 5), application of the above premise would result in approximately
one each observation of SO_and NO, being identified as higher than its emission factor. By trial and
error, it was determined that the arithmetic mean plus one standard deviation was a good first
approximation to application of the 95% confidence interval premise. For NO , one of eighteen facility
estimates was identified as higher than its process emission factor (Table II). For NO_, the mean
plus one standard deviation estimate worked satisfactorily.

For SO_, the mean plus one standard deviation did not work as well; three of twenty-two facility
estimates were identified as higher than their respective process emission factors (Table I). From
Table I, one estimate from wet process clearly exceeds its emission factor while one each estimate
for preheater and precalciners exceed each of their relatively low emission factors (1.5 and 1.6 Ibs/
T, respectively). For these two processes with their relatively low SO, emissions, the “mean plus one”
approach is too restrictive. Adding a second standard deviation to the means for these two processes
results in emission factors which do not exclude any of the facility estimates for preheaters and
precalciners. Therefore for SO,, applying the approach of the “mean plus one” to dry and wet
processes and the “mean plus two” to preheater and precalciner processes, results in emission factors
identify only one facility estimateabove the proposed emission factor. While cumbersome, the
application of these two criteria for estimating SO, emission factors meets the premise of the 95%
confidence limit satisfactorily.

L 26 July 1990 © Copyright PSM International, Ine. 1990 ——
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Table |
Summary of All Data Review

Plant TFRT 80x Faellty Type NOx Kin
Bite Daise RuomI Rom2 Rum3 Average Avarage Average fuml Ram2 Rund Average Average Avernge Cemmanis
Dry Procese
Calliat Calton, #1 1987.00 a7 4l Llo o [ 1] A
n 1847.00 80 450 490 e« A
Gilfard-Hill, Riverside 1385 *1s als 1.m .5 A
Indirect ibt
%0
Lafarge, Alpens va/se 548 AWM 159 w72 672 350 138 577 43S 435 B
Lehigh, Waco 81783 .64 .8 L&/ 1.25 7.25 A8 408 LSY [ $1] €14 B
Oklahom s Cement, Pryor V0
SW, Black Min CA 105930 as am 040 7.35 738 5.8 B
Ly ] .23 .23 £17 817 415 B
1254 o0 (X1 ] 0.04 0.03 557 i (¢ 518 B
Wat
Alpha, Cementon, NY 1724/82 114 5% b X -] iTe
Gifford -Hill, TX #1 kel ] a,14 [ L] 451
n uTs oz [ ¥
7 70 8.01 Lol
” a8 %50 50 LM [ ¥ ]
[} ¥
[} ¥as
3 s
Lahigh, Camenton 1ved ez 1900 153 1808 18.08
LS Florida, Miami 7151 5008 438 358 454 21 271 &M &1 123 ais A
/29783 i L% 400 .40 44 55 44 5e
12/1a/88 200 187 18 18 .4 1M 731 n
L3 New Orisane 01 sl 20 3.T8 321 470 L&
n 1118t 228 158 ads 118 .
n 520/82 491 asa an %12 417 3158 10 169 158 ]
n 57582 a8 400 415 5.2 413 318 imn 40 B
[ 3720784 1500 120 15.00 pL® ]
SW Vietarvilla v6 &5/80 - 039 039 152 9.10 9.10 n: B
7 330 [E) 0.48 408 408 B
” YVB0 099 053 . 14.70 14.70 8
[ 1] 10/5r80 802 LV 1730 1730 B
(1] 10/980 2T 2.71 11.00 11.00 B
St. Marys, Detroit 10/26/82 .00 2.90 4180 50 .48
10/4782 9.00 7.80 890 [ V]
11784 - 2030 1090 1650 15.90
24785 600 5.80 460 540
12722786 1170 1380 15.60 13.70
Prehos tars
Ashgrove, Durkse 1585 424 472 810 502 502 B
Calaveras, Radding, CA 51581 083 0.5 240 240 B
Labigh, Buds, TX m2E 110 137 3 159 159 389 368 AIM ase 380 B
L3 Maryneal, TX #1 62080 0.021  0.070 0,027 0.039 0.03 -
. &20/80 0.020  0.010 0.040 0.024 B
L] 1480 0.012  0.038 0.010 0.020 B
W Pairbora, OH noBE 220 192 198 204 54 B
SW Florida Mining ¢2 8289 0.07 o7 007 241 141 241 B
W Kosmoedale, KY /889 17 005 1.06 009 009 444 578 811 518 578 B
SW Odessa, TX 22283 0.02 0.01 2.010 a0t (2] 407 571 818 564 5.64 418 A
Precalciner
CalMat, Mojave, GA &2383 0.78 279 0.72 77 107 298 288 251 281 ass B
584 w98 103 099 100 343 334 351 42 B
&ans 1.54 141 1.40 1.48% 8.0 3.2 3.81 4.49 B
LS Davenport, CA L% 7] 057 057 073 0.83 336 34T M 158 B nuon
nyse 1.69 136 154 153 227 213 202 .15 B naow
a2282 041 038 071 058 213 255 182 17 . B naor
242383 254 262 245 254 15 228 s 1.90 B nator
12/20/83 282 3.00 aoe 297 269 235 221 242 B2uoe
12721183 438 180 iz 14 18 12§ 152 L&8 B amor
V2084 110 318 108 310 WtAwg a4 1865 192 197 WtArg. Bauor
136 140 140 17t .08 2407 178 1587 238 B auon
038 032 032 B
2T 12S B
SW Leamington 52584 832 8O3 459 8.62- A RO
SW Victorville #2 285 0.043  0.052 0.062 0.052 0.06 526 470 L4 43¢ 8.13 ARLMOn
320,88 0.156 0,068 0.11% 0.112 897 1458 4.2 T.12 ARMOs
22487 0.028 0.032 0.637 0.032 704 6450 572 641 518 Anmos
IvE? 0.030 5.027 0.032 0.029 48 877 €50 6.64 ARos
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Figure 3: Wet process emissions of SO_and NO,

Figure 4: Preheater emissions of SO_and NO,
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Figure 5: Precalciner emissions for SO_and NO,
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TABLE |l
SO, AND NO, EMISSION FACTOR CALCULATION
Process SO, 1bs/T NO, 1bs/T Emission Factors 1bs/T
SO, NO,
Dry Process 6.65
0.18 7.8 Both “mean plus one”
6.72 4.25
7.25 6.16
0.4 5.89 7.5 74
Mean 3.64 6.15
St Dev 2.132 2.015
Ccv 106 % 21%
Wet Process 2.76
4.51 9.86
18.08
2.29 6.19 Both “mean plus one”
6.32 3.55
2.52 11.23
9.48 12.3 11.2
Mean 6.57 7.71
St Dev } 5.693 3.494
Ccv 87 % 45 %
Preheater 5.02
0.85 24 S0, “mean plus two”
1.59 3.8 NO, “mean plus one”
0.03
2.04
0.07 2,41 2.4 5.8
0.09 5.78
0.01 5.64
Mean 0.67 4.18
St Dev 0.846 1.657
cv 127 % 40 %
Precalciner 171 2.38
0.32
1.25 S0, “mean plus two”
8.62 NO, “mean plus one”
0.06 6.13
Mean 0.84 5.71
St Dev 0.7775- 3.141 2.4 8.9
Ccv 93 % 55 %
St Dev = Standard Deviation
cv = Coefficient of variation; the standard deviation divided by the mean as a %.
6
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1.3 RATIONAL FOR KILN SUBDIVISION
1.3.1 KILN FUEL

Prior to large price increases in fuel cost (mid 1970s and early 1980s) natural gas and oil were often
used asfuel for cement kilns. But price increases in natural gas and oil quickly resulted in the cement
industry converting almost exclusively to coal. When the Portland Cement Association polled the
cementindustry for source test data for the emission factor update, submissions from approximately
70 source tests since 1977 were preponderantly from kilns fueled with coal; one was from an oil fired
kiln while two kilns were co-fueled with coal and waste derived fuel. Therefore, tests from coalfueled
kilns only were used for estimation of emission factors herein.

1.3.2 EILN PROCESS CLASSIFICATION

Kilns were divided by manufacturing process because such classification generally reflects a division
by amount of fuel used i.e., preheater and precalciner less than long dry and all less than wet process.
Emission of NO_are generally linearly correlated with fuel consumption (combustion NO_rather than
fuel or feed NO ), while suifur in SO_ is often derived from fuel rather than feed. So classification by
a surrogate for fuel consumption is logical.

Further subdivision by dust control devices was not possible due to the small number of kilnsin each
original classification (by manufacturing process). Initial classification by dust control devices
instead of manufacturing process would notbe appropriate, as this would have resulted in combining
manufacturing processes under dust control devices thereby loosing the natural classification by fuel
consumption.

1.4  CRITERIA FOR RATING AND SELECTING DATA
14.1 CRITERIA FOR GRADING KILN DATA

Criteria for grading kiln data were derived in part from EPA's Technical Procedures for Developing
AP-42 Emission Factors and Preparing AP-42. EPA's grading criteria were:

A Tests performed by a sound methodology and reported in enough detail for adequate
validation.

B. These tests are not necessarily EPA reference method tests, although such reference
methods are certainly to be used as a guide.

C. Tests that arebased on an untested or new methodology or thatlack asignificant amount
of background data.

D. Tests that are based on a generally unacceptable method but may provide an order of
magnitude value for the source.

The only exclusion criteria relevant to data submission were:
(1) Fuel other than coal used during the test.
(2) Test series averages reported in units that cannot be converted to the selected reported
units,
EPA recommended combining data of Grades A and B if there were not sufficient tests of Grade A
to estimate emission factors; this recommendation was followed. Most source tests were Grade B
which were combined with Grade A data for estimates of emission factors (See Table I).

While not specified as an exclusion criteria, widely varying replicate measurements were suggested
as a basis for giving data a lower grade. Here, tests from the same kiln were excluded if replicates
within the same test varied by more than 100% unless emissions were very low (average less than
2.01bs/T) and it tests within the same year varied by more than 500% unless information concerning
a change in either fuel or raw fuel could explain the variation.
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1.4.2 KILN DATA EXCLUSIONS

Data from two kilns were excluded from use in estimates of emission factors (Table I). Data from
Oklahoma Cement in Pryor (Reference 6) was excluded as SO, emissions varied by more than 100%
within the same test. Data from Gifford-Hill's #3 kiln at Midlothian (Reference 20) were excluded.
NO, replicates in 1978 varied by more than 100%; and repeated tests in 1985 for SO, varied by more
than 500% for which there was no reasonable hypothesis.

All other data in Table I were employed in estimates of emission factors. Comments to the data

provide information regarding specific use of source test data.

1.5 PROPOSED CEMENT KILN SO, /NO, EMISSION FACTORS (COAL FUEL
ONLY)

Based on the data available and the criteria discussed in this document Table III is the paoposed
emission factors.

[ 26 July 1990

Table III
Proposed Emission Factors
Kiln Type SO, 1bs/T (kgs/MT) NOy Ibs/T (kgs/MT)
Long Dry 7.5(1.3.1) 7.4(3.0)
Wet Process 12.3(5.1) 11.2(4.6)
Preheater 2.4(1.0) 5.8(2.4)
- Precalciner 2.4(1.0) 8.9(3.7
8
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DATA REFERENCES

The references of the sources of data and comments regarding the data are supplied below.
DRY PROCESS

CalMat Colton #s 1,2; letter from David Cahn to Frank Noonan, EPA, NC, re: AP-42
Factors for Gaseous Emissions from Portland CementKilns, June 2, 1987; attached: data
for Feb., Mar., April, 1987.

Gifford-Hill, Riverside (Crestmore); Gerald L. Young and John Croom, “Technical
report on the demonstration of the feasibility of NOx emissions reduction at Riverside
Cement Company, Crestmore Plant”, January 13, 1986.

Gifford-Hill, Riverside (Crestmore); JC memo: “Crestmore SOx data reduction,
Daily Averages from continuous monitor”, no date.

LaFarge, Alpena; Clayton Environmental Consultants, Inc., “Emission study of the
Cement Kiln 20 Baghouse Collector at Alpena Plant, Great Lakes Division LaFarge
Corporation, Alpena, Michigan,” proj.# 22105.00, March 8, 1989; and “Emission Testing
of Dust Collectors on Kiln I at Lafarge Corporation, Paulding, Ohio,” proj.# 23857.00.

Lehigh, Waco; Mullins Environmental Testing, Inc., “Source emissions survey Or
Lehigh Portland Cement Co., Waco, Texas,” File No. 83-69; August, 1983.

Oklahoma Cement, Pryor, Mullins Environmental Testing, Inc., “Source Emissions
Survey of Oklahoma Cement Company Kiln Number 3 Stack, Pryor, Oklahoma,” File No.
80-38, March, 1980. :

SW, Black Mt.; Truesdail Labs., Inc., “Report: Sampling and Analysis for sulfur oxides
{SOx), nitrogen oxides (NOx) and carbon monoxide (CO) in Kiln exhausts”, (Victorville
#5 & #8; Black Mt. #I); December 5, 1980. (SW Victorville, WET, repeated as 21. below)
SW, Black Mt.; letter from James Morgester, Air Resources Board, State of California,
to Douglas Maclver, Southwestern Portland Cement Company, August 29, 1984.
Following 3 reports attached:

SW, Black Mt.; “Summary of Source Test Results,” July 25, 1984.

SW, Black Mt.; letter from G.W. Ogle to T.F. Knisley, July 20, 1984, Re: NOx Test - June
13, 1984. Attached report “Kiln exhaust at Black Mountain: SOx, NOx, CO emissions”
July 12, 1984,

SW, Black Mt.; “Baghouse Exhaust at Black Mountain Kiln #1, Sulfur Oxides and
Nitrogen oxides,” August 10, 1984.

WET PROCESS

Alpha, Cementon, NY; Walter Hinkley, Energy & Resource Recovery Corp., “Baseline
and solvent fuels stack emissions test,” January 25-26, 1982,

Lehigh, Cementon; R.L. Baker, KVB, Inc., “Compliance Test Results, Particulate and
Sulfur Oxide Emissions, Cementon Kiln, prepared for Lehigh Portland Cement Co.,
Cementon, NY,” November 8-9, 1984.

Lehigh, Waco; Tenerx Corp., “Lehigh Portland Cement Co. White Kiln Coke Conversion
(TACB permit no. C-9399) Emission Compliance Report (NOX, S02, particulates),”
December 18, 1985.

LS Florida, Miami (Pennsuco); letter from Albert Townsend, LoneStar Florida/
Pennsuco to Bill Arlington, South Florida Environmental Services, Inc.;
attached, “Compliance stack test, LS Florida/ Pennsuco, Inc. Report 387-S Kiln No. 37,
July 15, 1981.

LS, New Orleans; Mullins Environmental Testing Co., Inc., “Source' Emissions Survey
of Lone Star Industries, Inc., New Orleans, Louisiana,” File No. 81-107, November 10-
13, 1981.

LS, New Orleans; Entropy Environmentalists, Inc., “Stationary Source Sampling
Report, Lone Star Industries, Inc.,, New Orleans, Louisiana, Particulate and Sulfur
Dioxide Emissions Compliance Testing, Kiln #] & #2 Precipitators Qutlet Stacks,” May
20-21,25, 1 982.°
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18. LS, New Orleans; Entropy Environmentalists, Inc., “Stationary Source Sampling
Report, Lone Star Industries, Inc., New Orleans, Lom31ana Pollutant Emlssmns
Experimental Testing, Kiln #] & #2 Stacks May 20-21,25-26, 1982.

19. LS, New Orleans; Mullins Environmental Testing Co., Inc., “Source Emissions Survey
of Lone Star Industries, In¢., Kiln Number I Stack, New Orleans, Louisiana,” File No.
84-39, March, 1984.

20, Gifford-Hill, Midlothian, TX; letter from Don Sinkular to QA, Inc. Dec. 18, 1989.

21. St. Marys Peerless Cement, Detroit, MI; letter from Gerald Young to John Croom.
Dec. 13, 1989.

22. SW Victorville; Truesdail Labs., Inc., “Report: Sampling and Analysis for sulfur oxides
(SOx), nitrogen oxides (NOx) and carbon monoxide (CO) in Kiln exhausts”, (Victorville
#5 & #8; Black Mt. #I); December 5, 1980.

23. SW Victorville; letter from Douglas Maclver, Southwestern Portland Cement Co., to
Walter Mook, Air Pollution Control, CA, re: NOx, SOx and CO concentrations on Kilns
No.'s 6, T and 9, August 22, 1980. (Attached report, Truesdail Laboratories, August 20,
1980)(see ref #7 above).

III. PREHEATER

24, Ashgrove, Durkee; letter from Richard Cooke, Ash Grove Cement West, Inc. to Frank
Noonan, EPA, NC, May 13, 1987; attached 1) Pit & Quarry, “Cement reports issue,” July,
1980; and 2)Horizon Engineering, “NOx Emission Test Report, Ashgrove Cement West,
Inc., Durkee, Oregon Cement Plant,” September 15, 1985.

25, Calaveras, Redding, CA; letter from Stan Cramer, Calaveras Cement Co. to Frank
Noonan, EPA, NC, re: AP-42 Factors for Gaseous Emissions from Portland Cement
Plants, May 13, 1987.

26. Lehigh,Buda, TX; Mullins Environmental Testing Co., Inc., “Source Emissions Survey
of Texas Cement Company, Buda, Texas,” File No. 86-48, June, July, 1986.

21. LS Davenport, CA; L.A. Johnson, Chemecology Corporation, “Field Data Source Test,
prepared for Lonestar Industries, Davenport, CA; regarding Particulate, NOx and S0,
Emissions,” May 13, 1982,

28. LS Maryneal, TX; letter from Billy Mullins, Mullins Environmental Testing Co., Inec.
to Roy Blankenship, Lone Star Industries, Inc., July 29, 1980; attached report: Source
Emissions Survey, June 20, 1980.

29, SW Fairborm, OH; Franklin Meadows, Pollution Control Science, Inc., “Determination
of particulate and sulfur dioxide emissions from the kiln and alkali baghouse stacks,
Southwestern Portland Cement Company, Fairborn, Ohio,: June 10,12, 1986.

30. SW; letter from Doug Maclver, Southwestern Portland Cement Co. to John Croom,
October 23, 1989; attached reports, 29, 30, 31:

31 SW Florida Mining #2; letter from Matt Stone, Florida Mining & Materials to Maclver,
re: Source Test Emissions, September 19, 1989; report on NOX, S02.

32, SW Kosmosdale, KY; “Source Test Summary, Kosmos, Louisville Kiln,” June 6-8, 1989.

33. SW Odessa, TX; “Summary of source emissions surveys, Southwestern Portiand Cement
Co., Odessa. Texas Plant -Kiln #2 Stack,” February, 1983.

34. SW Odessa, TX; letter from John Mummert, Southwestern Portland Cement Co. to Bill
Stewart, Texas Air Control Board, re: Compliance test submittal for construction permit
No. C-8411, April 14, 1983; attached report: Mullins Environmental Testing Co., Inc.,
“Source Emissions Survey of Southwestern Portland Cement Company Kiln number 2
stack, Odessa, Texas,” File No. 83-09, February, 1983.

IV.PRECALCINER

35. Ash Grove, Leamington, UT; letter from Stephen Sheridan, Ash Grove Cement West,
Inc. to John Croom, re: NOx testing at Leamington, Utah plant, January 15, 1980;
‘attached report.

10

26 July 1990 © Copyright PSM International, Inc. 1990 =~




—PSM International, Inc.

36.

37.

38.

39.

40.
41,
42,

43.

CalMat, Mojave, CA; letter from David Cahn, CalMat Co. to John Croom, rc: CEM
emissions data summaries, Colton plant, December 18, 1989; attached report: Vernon
McKnight, Pape & Steiner Environmental Services, “Mojave Plant (Kiln, Clinker Cooler,
and Crusher Baghouses) Annual Compliance Test,” May 15, 16 and 17, 1389,

- Marquette, Cape Girardeau; Performance Testing & Consultants, Inc., “Source

Emissions Compliance Test Report on the Kiln Stack, Marquette Cement Manufacturing
Company, Cape Girardeau, Missouri,” February, 1982.

LS, Cape Girardeau; B.W. Doyle and R.L. Baker, KVB, “Assessment of sulfur levels,
Cape Girardeau, MO, prepared for Lone Star Industries,” January, 1984.

SW Leamington; letter from Douglas Maclver of Southwestern Portland Cement Co.
to Brent Bradford, Utah Air Conservation Committee, re: Leamington Cement Kiln, July
13, 1984; attached report: York Research Consultants, “Plant performance test program
on the kiln and alkali bypass stacks at the Southwestern Cement Leamington, Utah
Plant,” June 21, 1984.

SW Victorville #2; Pape & Steiner Environmental Services, “Performance Guarantee
Testing at Southwestern Portland Cement, February 5 through 8, 1985”.

SW Victorville #2; Pape & Steiner Environmental Services, “Compliance Testing at
Southwestern Portland Cement, March 18 through 21, 1985”.

SW Victorville #2; Pape & Steiner Environmental Services, “Emission Tests on Quarry
Plant #2 Kiln, February 24, 1987".

SW Victorville #2; Pape & Steiner Environmental Services, “Emission Tests on #2 Kiln
Baghouse, March 32 and April 1, 1987".
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