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ABSTRACT

The objective of this study was to develop particulate emission
factors based on cutoff size for inhalable particles for the cement
industry. After a review of available information characterizing partic-
ulate emissions from cement plants, the data were summarized and rated in
terms of reliability. Size specific emission factors were developed from
these data for the major processes used in the manufacture of cement, A
detailed process description was presented with emphasis on factors
affecting the generation of emissions. A replacement for Sections 8.6
(Portland Cement Manufacturing) of EPA report AP-42, A Compilation.of Air
Pollutant Emissions Factors, was prepared, containing the size specific
emission factors developed during this program.
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SECTION 1.0

INTRODUCTION

The U.S. Environmental Protection Agency (EPA) is in the process of
reviewing the pertinent technical criteria and data bases to determine
whether a revised National Ambient Air Quality Standard (NAAQS) for par-
ticulate matter based on particle size is warranted. Upon adoption of such
a standard, the Clean Air Act requires that each state develop and submit
State Implementation Plan (SIP) revisions which outline how they will at-
tain and maintain the standard. Any revisions to the SIP would necessitate
the collection and use of information related to size-selective particulate
emissions from new and existing sources. )

Since 1972 the document entitled "Compilation of Air Pollutant Emission
Factors" (AP-42) has been published by the EPA. This document contains a
compendium of emission factor reports for the most significant emission
source categories. Supplements to AP-42 have been published both for new
source categories and for updating existing emission factors as more infor-
mation about sources and the control of emissions has become available. Up
to this point, however, little information has been provided in AP-42 with
regard to particle size characteristics of particulate emissions. To ad-
dress the requirement for size-specific emission factors, the EPA is con-
ducting research to characterize emissions in the inhalable particulate
(IP) size range for a variety of industrial sources.

This report contains the existing particulate emission factor data
base for portland cement plants, evaluates the available data, and provides
a revised AP-42 Section (8.6) for this industry. Included in the revised




Section 8.6 are the best available particulate emission factors for port-
land cement plants.

This report is organized by section as follows:

Section 2.0 - Industry Description

Section 3.0 - General Data Review and Analysis Procedures
Section 4.0 - Particulate Emission Factor Development
Section 5.0 - Proposed AP-42 Section 8.6

The references are listed at the end of each section.
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SECTION 2.0

INDUSTRY DESCRIPTION

2.1 TINTRODUCTION AND INDUSTRY OVERVIEW

Hydraulic cement is the basic binding agent in concrete and masonry
construction. There are several types of cement in use: portland cement;
portland-pozzolan cement; high alumina cement; special or corrosion-resisting
cements and mortars; expansive hydraulic cement; masonry cement; and slag
cements.*

Roughly 95% of the cement produced in the United States is portland
cement.l Portland .cement is manufactured by the high.temperature burning
of calcareous material (e.g., limestone, oyster shells), argillaceous mate-
rial (e.g., clay), siliceous material (e.g., sand, shale), and ferriferous
materials to produce clinker. According to ASTM Specification C 219-84,
portland cement is "a hydraulic cement produced by pulverizing portland ce-
ment clinker and usually containing calcium sulfate."

There are five basic types of portland cement. Type I, which is pro-
duced in the largest huantities, is used in general construction. Type II
is formulated for moderate heat-of-hydration and moderate sulfate-resisting
applications. Type IIl is high-eariy-strength (HES) cement. Type IV cement
has a 15 to 35% lower heat of hydration than other types and has not been
produced in the United States for about 20 years. Finally, Type V is highly
sulfate-resistant.?

* None Produced since 1972.1
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Air-entraining agents (e.g., resinous materials) can be added to port-
land cements in minute quantities. Air-entrainment increases the resistance
of hardened concrete to scaling caused by alternate freezing and thawing and
the use of de-icing salts. Air entraining cements are classified as Type IA,
IIA, etc.?

According to the U.S. Bureau of Mines, 70.9 million metric tons (77.9
million short tons) of portland and masonary cement were produced in 1984.2
The 1984 shipments of the various types of portland cement are shown in
Table 2.1.2 It can be seen that Types I and II are by far the most commonly
used. Special cements such as pozzolan, high alumina, corrosion-resisting,
and controlled cements are manufactured in relatively small amounts.

TABLE 2-1. 1984 PORTLAND CEMENT SHIPMENTS FROM PLANTS IN THE U.S.2

Quantitya
. 10° Metric
Type 103 Short tons tons (Mg)

General use and moderate heat

(Types I and II) 70,648 64,290
High-early-strength (Type III) 2,505 2,280
Sulfate-resisting (Type V) 479 436
0il1 well 2,273 2,068
White 278 253
Portland slag and portland pozzolan 808 735
Expansive b 50 46
Miscellaneous 839 763

Total or average® 77,881 70,872

3 Includes Puerto Rico.
b Includes waterproof, low-heat (Type IV), and regulated fast-setting

cement.
o

Data may not add to totals shown due to independent rounding.
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Virtually all portland cement is used in concrete for construction.
Producers of ready-mix concrete are the primary customers and the remainder
is purchased by concrete products manufacturers, highway contractors, build-
ing materials dealers and government agencies. Table 2-2 lists these cus-~
tomers and their relative share of total cement consumption.

TABLE 2-2. 1984 CEMENT USE BY CUSTOMER CATEGORYZ

Percent of
Customer ' total purchases
Ready mixed concrete producers 6
Concrete products manufacturers 1

Building material dealers
Highway contractors
A1l others

00 Lo N PO WO
L O =) 00 W

100.0

Source: U.S. Bureau of Mines, Minerals Yearbook 1984, Vol. I, U.S.
Government Printing Office, Washington, D.C., 1985.

During 1982, there were 147 portland cement plants operating in the

" United States.® However, a number of these plants have now been shut down
and thus this figure may not repreéent the industry at the present time.
The geographical distribution of the various plants in operating during 1982
are shown in Figure 2-1 with the exact location, type of process, and pro-
duction capacity listed in Table 2-3.2 As shown by Table 2-3, both wet and
dry processes are utilized for producing portland cement nationwide.

According to the U.S. Bureau of Mines (BOM), a combination of coal and
natural gas was the type of fuel most used by U.S. plants in 1984 to produce
cement clinker.? The amount of clinker produced in 1984, by fuel type, is
shown in Table 2-4 using BOM statistics.?
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TABLE 2-3. PORTLAND CEMENT PRODUCERS (USA)?

Location .
Map index Type of lg;odxction iggacuty‘
No. rocess short metric
State (Figure 2-1) City Piant Wet Dry tons tons
Alabama 1 Birmingham Allied Products X 360 327
2 Catera Blue Circle Cement X 686 622
3 Demopolis Citadel Cement X 750 680
4 Leeds Lehigh Portland X 463 420
Cement
5 Ragland National Cement X 800 726
6 Theodore Ideal Basic Ind. X 1,500 1,361
Arizona 7 Clarkdale Phoenix Cement Co. X 542 492
B Rillito California Portland X 1,700 1,542
Cement
Arkansas ] ~ Foreman Arkansas Cement X 850 771
- 10 - Okay Ideal Basic Ind. X 395 358
Talifornia i1 . Colton California Portland X ~1,080 980
. Cement
12 Davenport Lone Star Ind. X 755 703
13 Lebec General Portland X 610 553
- 14 Lucerne Valley Kaiser Cement Corp. X X 1,015 1,500
) SZ0 i,301
15 Mojave California Portland X 1,300 1,179
Cement
16 Monolith Monolith Portland X 500 454
Cement
17 Oro Grande Riverside Cement X 1,149 1,042
8 Permanente Kaiser Cement Corp. X 1,600 1,451
19 Redding Genstar Cement & Lime X 600 544
20 Riverside Riverside Cement X 838 760
21 San Andreas Genstar Cement & Lime X 630 571
22 Victorville Southwestern Port- X X 1,203 1,091
land Cement
Colorado 23 Florence Ideal Basic I[nd. X 885 803
24 Fort Collins Ideal Basic Ind. X 460 417"
25 Lyons Southwestern X 470 426
Portland Cement
Florida - 26 Brooksville Florida Mining & . X 1,200 1,088
Materials
27 Hialeah Lope Star Ind, X © 1,200 1,088
28 Miami General Portland X 1,200 1,088
28A Miami Rinker Materials X 580 526
29 Palmetto Nat. Portland Cement NA NA -- Grinding only --
of Florida
30 Tampa General Portland X 660 599
Georgla 31 Atlanta Bive Circle Cement X 630 571
32 Clinchfield Medusa Cement X X 790 717
Hawaii 33 Ewa Beach Oahu Cypress Hawailan Cement X 280 254
33 Wajanae, Qahu Kaiser Cement X 320 290
(Continued)
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TABLE 2-3. (continued)
Location ’ )
— Map index Type of Production capacity
No. process 10% short 107F metric
State {Figure 2-1) City Plant Wet  Dry tons tens
Idaho 35 Inkom Oregon Portland Cement X 210 191
Ttiinois 36 Dixon Lone Star Inc, X 600 544
37 Joppa Missouri Portland X 1,314 1,192
38 La Salie ITTinois (ement Co. X 400 363
39 Ogelisby Lone Star Ind. X 510 461
Indiana 40 Greencastle Lone Star Ind. X 152 687
41 Logansport Louisville Cement X 460 417
42 Mitchell Lehigh Portland Cement X 725 658
43 Speed Louisville Cement X 1,260 1,143
Towa 44 Davenport Davenport Tement L 850 771
45 Des Moines Monarch Cement X : 300 272
46 Mason City Lehigh Portland {ement X 750 680
46A Mason City Northwestern States X 1,150 1,043
Portland Cement
Kansas 47 Bonner Springs Lone Star Ind. X 451 409
48 Chanute Ash Grove Cement X 516 468
45 Freedonia General Portiand Inc. X% 407 369
50 Humboldt Menarch Cement X 600 544
51 Independence Lehigh Portland X 380 345
Kentucky 52 Kosmosdaie Kosmos Cement X 670 608
Louvisiana 53 New Orleans {one Star Ind. X 750 680
Maine 54 Thomasten Martin Marietta X 480 435
Cement
Maryland 55 Hagerstown Lone Star Tnd. X 475 431
56 Lime Kiln Coplay Cement X 1,100 , 998
57 Union Bridge Lehigh Portland X 950 - 862
Cement
Michigan 58 Alpena National Gypsum X 2,450 2,222
59 Charlevoix Medusa Cement . X 1,300 1,179
60 Detroit Peerless Cement X 600 544
61 Dundee Dundee Cement X 1,050 952
62 Essexville Aetna Cement NA NA -- Grinding only --
63 Wyandotte Wyandotte Cement NA NA -~ Grinding only --
Mississippi 64 Artesia Texas Ind. X 480 435
Missouri &5 Cape Girardeau Lone Star Ind. X 1,000 907
66 Clarksville Dundee Cement X 1,400 1,270
67 Festus River Cement X 1,200 1,088
68 Hannibal Continental Cement X 600 544
69 Independence Missouri Portland X 564 512
Montana 70 Montana City Kaiser Cement Corp. X 320 290
71 Trident 1deal Basic Inc. X 330 299
(Continued)
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TABLE 2-3. {continued)
Location ] .
Map index Type of Production capacity
No, process 103 short™ "10° metric
State (Figure 2-1) City Plant Wet  Dry tons tens
Nebraska 72 Louisville Ash Grove Cement Co. X 790 717
73 Superior Ideal) Basic Inc, X 235 213
Nevada 74 Fernley Nevada Cement Co. X 400 363
New Mexico 75 fijeras Ideal Basic Ind. X 505 458
New York 76 Catskili Lone Star Ind. X 580 526
' 77 Cementon Lehigh Portland X 550 499
) Cement
78 Glens Falls Glens Falls Port- X 450 408
Yand Cement
79 Howes Cave Glens Falls Port- NA NA -- Grinding only --
land Cement !
80 Ravena Atlantic Cement X 1,500 1,361
North CaroTina 81 Castle Hayne Ideal Basic Ind. X 550 499
Ohio 82 Fairborn Southwestern Port- X X 728 660
) land Cement
a3 Middlahranch SME Cement R 3040 Zre
84 Paulding General Portland H 554 - 503
85 Superior Lone Star Ind. X 275 249
86 Sylvania SME Cement X 280 254
a7 lanesville SME Cement X 800 726
Ok’iahoma 88 Ada Ideal Basic Ind. X 510 553
89 Pryor Lone Star Ind. X 725 658
90 Tulsa Blue Circle Cement X 630 571
Oregon 91 Durkee Oregon Portland Cement | 500 453
92 Lake Oswego Oregon Portland Cement X 418 379
Pennsylvania 93 Bath Keystone Portland X 600 544
Cement
94 Cementon General Portland X 790 717
95 Egypt Coplay Cement NA NA == Grinding only --
96 Evansville Natiomal Gypsum X 875 794
97 Nazareth Coplay Cement Co. X 1,000 907
97A Nazareth Lonestar Ind. X 658 597
98 Northampton Martin Marietta X =--- Shut down ~---
Cement
99 Pittsburgh Lonestar Ind. X 420 ki)
100 Stockertown Hercules Cement X 700 635
101 Wampum Medusa Cement X 715 649
102 West Winfield Penn-West Cement Co. X 370 336
103 York Lehigh Portiand X 136 123
Cement
(Continued)




TABLE 2-3. (continued)
Location
Map 1ndex Type of Production capacity
No. process 105 short 103 metric
State (Figure 2-1) City Plant Wet  Dry tons tons
South Carotina 104 Harleyville Giant Portland X 855 776
Cement
104A Harleyville Gifford-Hill & Co. X 564 512
105 Holly Hill Sontee Portland X 1,550 1,406
Cement
South Dakota 106 Rapid City South Dakota Cement X X 1,200 1,088
Tennessee 107 Chatanooga Signal Mountain X 477 433
Cement
108 Kingsport Dixie Cement X 330 299
109 Knoxville Ideal Basic Ind. X 550 489
110 Richard City Dixie Cement Co. X 200 181
Texas 1 Amariilo Southwestern Port- * 218 198
land Cement
112 Buda Texas Cement X 470 426
113 Corpus Christi Centex Cement X 300 272
114 Dallas General Portland X 472 428
115 £l Paso Southwestern Port- X 260 236
land Cement
116 Fort Worth General Portland X - 731 663
117 Houston Gulf Coast Portland X 1,000 07
Cement
117A Houston Lone Star Ind. X 750 680
118 Hunter Texas Ind. X 750 680
119 Midlathian Gifford-Hill Cement X 846 767
119A Midlothian Texas Ind. X 1,200 1,088
120 New Braunfels General Portland X 925 819
121 Oddessa Southwestern Port- X 953 502
Yand Cement
122 Orange River Cement NA NA == Grinding only --
123 San Antonio Alamo Cement X 400 363
123a San Antonio Alamo Cement X 750 680
1238 San Antonio Capitol Cement Div. X 338 307
123¢C San Antonio Kaiser Cement X 490 444
124 Sweetwater Lone Star Ind. X 545 494
125 Waco Lehigh Portland X X 420 gl
Cement .
Utah 126 Leamington Southwestern X 650 590
Portland Cement '
127 Morgan Ideal Basic Ind. X 350 J18
128 $alt Lake City Lone Star Ind. X 420 381
Virginia 129 Reanoke Lone Star Ind. X 1,200 1,088
Washington 130 Bellingham Columbia Cement X 425 386
131 Metaline Falls Lehigh Portland X 215 195
Cement
132 Seattle Ideal Basic Ind. X 490 444
{(Continued)

2-8




TABLE 2-3. {continued)

Location . .
Map index Type of Production capacity
No. : rocess 107 short  10° metric
State (Figure 2-1) City Plant Wet Dry tons tons

Washington 132A Seattle Oregon Portland X 752 682
Cement

West Virginia 133 Mariinsburg Capitol Cement X 935 848

Wisconsin 134 © Milwaukee St. Mary's Wisconsin NA NA == Grinding only -
Cement

135 Superior National Gypsum NA NA ~- Grinding only -

Wyoming 136 Laramie MonoTith PortTand X 485 440

8Basic data taken from References 3 and 4 with updated information provided by

industry personnel in 1985.
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2.2 RAW MATERIAL

Raw materials must provide, in suitable form and proportions, compounds
containing lime, silica, alumina, and iron. Natural argillaceous deposits
such as clay, shale, and slate, supply both siiica and alumina. Natural de-
posits of limestone or marl (a calcareous clay) can occasionally supply all
three basic ingredients at the correct proportion for the manufacture of
"natural cement". Usually, however, it is necessary to combine raw materi-
als to produce the desired mix. As a general rule, approximately 1.7 to
1.8 tons of dry raw materials are required to produce one ton of cement.l’'*
Table 2-5 1ists the types and relative quantities of different raw materials
used to achievelthe proper blend of mineral components for the industry as a
whole.2

As Table 2-5 shows, the calcareous component, particularly limestone,
is the iargest consiituent in cement. Limestone and clay are abundant alt
‘over the world. Limestone is generally quarried at or near the cement plant
since the lTow value-to-weight ratio results in high transportation costs.
Underwater deposits of materials are excavated by barge-mounted dredging.
Material is pumped or loaded onto barges and moved by tugboats to cement
plants. Although a few limestone and gypsum deposits are mined underground

- by room-and-pillar methods, most raw materials for the cement industry are
quarried using surface mining methods.!

2.3 PROCESS DESCRIPTION

There are basica11y two commercial cement manufacturing processes:
the wet process and the dry process. The wet process involves the grinding
of raw materials with water to form a slurry containing 30 to 40% moisture.
The slurry is blended, as required, and subsequentiy fed to the kiln. The
dry process, on the other hand, does not introduce water during grinding
and the raw materials are fed to the kiln in the form of a powder.

Until recently, the wet process had advantages over the dry process due
to ease of handling and blending of raw materials as well as yielding higher
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TABLE 2-5. RAW MATERIALS USED IN PORTLAND CEMENT (1984)2

Quantitya
, 105 metric  Percent of
Type of raw material 10% short tons tons (Mg) total
Calcareous:
Limestone 78,484 71,420 85.4
Cement rock (including 27,010 24,579
marl)
. OQystershell 1,103 1,004
Argillaceous:
Clay 6,045 5,501 7.4
Shale 3,087 2,809
Other 47 43
Siliceous: : '
Sand 1,958 1,782 2.1
Sandstone and quartz 696 633
Ferrous:
Iron ore, pyrites, 1,232 1,121 1.0
millscale, and other
material
Other:
Gypsum and anhydrite 3,967 3,610 4.1
Blast furnace slag 27 ' 25
Fly ash 841 765
Miscellaneous other 296 269
Total 124,793 113,561 100.0

Source: U.S. Bureau of Mines, Minerals Yearbook 1984, U.S. Govenment
Printing Office, Washington, D.C., 1985.

3 1 short ton = 2,000 1b.

1 metric ton = 10% g (Mg).
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quality clinker. However, improvements in dry blending and materiai han-
dling techniques, in combination with Tower energy consumptidn used in the
dry process, has served to minimize the advantages of the wet process over
the dry process. Most new plants or production lines have turned to dry

processes in view of increasing energy costs and favorable shifts in dry

process technology.

Cement manufacturing involves four basic processing stages: gquarrying
and crushing; mixing and grinding; burning and cooling; and finish grinding,
packaging, and shipping. General flow diagrams for both dry and wet pro-

cesses are shown in Figures 2-2 and 2-3, respectively.! Each processing

stage is briefly described in-the following subsections.

As with most facilities in the mineral products industry, cement plants
have two major categories of particulate emissions: those which are vented
to the atmosphere through 'some type of stack, vent, or ﬁipe (ducted sources);
and those which are emitted directly from the source to the ambient air
(fugitive sources)} without such equipment. Ducted emissions are usually
transported by -an industrial ventilation system with one or more fans or air
movers and emitted to the atmosphere through a stack. Fugitive sources, on
the other hand, can either be process sources, which entail some form of"
physical or chemical change in the material being processed (i.e., crushers,
screens, etc.), or open dust sources where no such change has taken place
(i.e., roads, storage piles, etc.). The above definitions will be used
throughout the remainder of this discussion. '

2.3.1 Quarrying and Crushing

Cement production begins with extraction of the raw materials, generally
from a quarry at or near the cement plant. The raw material is comprised of
some combination of limestone, cement rock, marl, shale, clay, sand, and
iron ore. Most deposits are worked in open guarries having face heights
ranging from 9 to 60 m (30 to 200 ft) with overburden depths between 15 to
30 m (50 to 100 ft).S
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Rock is usually transported by truck to a crushing plant either at the
quarry or the cement plant. The primary crusher reduces rock from a maximum
of 1.5 m (5 ft) in diameter to about 13 cm (5 in.) in diameter. A further
reduction in size to about 1.3 cm (1/2 in.) diameter is effected, if re-
quired, using the secondary crusher. This material is then transported by
helt conveyors and elevators and stored in stock piles or silos prior to
mixing with other stored raw materials such as clay, silica, alumina, or
iron ore. '

Significant amounts of fugitive dust are generated during drilling,
blasting, loading, crushing, screening, materials transport, stockpiling
(including wind erosion) and reclaiming. Also included are the fugitive
emissions associated with overburden removal, storage, handling, and de-
posal. Paved/unpaved roads associated with the quarrying operation usually
account for most of the open dust source emissions.

2.3.2 Mixing and Grinding

The preparation of raw materials for the kiln involves drying, pro-
portioning, grinding and blending of the various raw materials. Due to the
variations in the chemical compositions of these raw materials, no single
formuia for cement manufacture can be applied.

This stage of the cement manufacturing process differs depending on
whether the dry process or wet process is used. In the dry process, the
free moisture content of the crushed raw materials is generally reduced to
less than 1% before or during grinding. Direct-contact rotary dryers 1.8
to 2.4 m (6 to 8 ft) in diameter and 1.8 to 46 m (6 to 150 ft) long are
used in the industr&, although the trend in new plants is for simultaneous
drying and grinding. Heat for either process may be derived from kiln
gases, clinker cooler exhaust, or directly fired fuels. Figure 2-2 shows a
natural gas-fired furnace providing hot process air in a system with a ro-
tating raw mill which mixes and grinds the various raw materials.!

The dried materials are ground to final product fineness (70 to 90%
< 74 um) in one or more stages. Preliminary or first stage grinding may
2-16




utitize a cylindrical ball mill, rod mill, or ring-ro]lef mi1l.5 The
second- or final-stage unit is usuailly a ball mill or a "tube" mill, which
js a ball mi1ll with a higher length-to-diameter ratio. Most of the more
recent installations follow the secondary or tertiary crushing operation
with single-stage grinding using a roller mill.

Dry-process grinding units are usually operated in a closed circuit
with air separators that split the mill output into coarse and fine frac-
tions. The coarse fraction is returned to the mill for further grinding,
and the fine fraction becomes finished raw-mix (raw meal). Various types of
closed circuits have been used, with units in parallel, or series, or com-
bination thereof, but the basic purpose is to minimize objectionable over-
size and develop a product fineness best suited for effective combination in
the kiln. This finely ground material is conveyed either pneumatically or
by mechanical means to blending, homogenizing, and/or storage silos from
which it is withdrawn as kiln feed.

Wet-process grinding uses ball mills or compartment mills that are
essentially the same as those used in the dry process except for feeding
and discharge arrangements. Water is added to the mill with the crushed
feed to form a slurry. Where clay is used as a raw material, it is gen-
erally added in suspension as a slip. Grinding may be done in one or two
stages. In some plants, mills are closed circuited with cyclones or screens
that produce a final, more viscous, slurry that does not require thickeners,®
The various crushed materiais may be proportioned ahead of grinding, as in
the dry process, or each major component may be ground into separate slur-
ries that are then proportioned and blended. - Finished slurry fed to kilns
may contain 30 to 40% water, or it may be further de-watered in vacuum
filters and fed to the kiln as a "cake" containing about 20% water; this is
referred to as the "semi-wet" process.®

The major sources of ducted emissions during mixing and grinding are

rotary dryers and the grinding mill circuits. The hot gases passing through
rotary dryers will entrain dust from the limestone, shale, or other materials
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being dried. The concentration of dust in the exit gases is re]ated‘to the
velocity of the gases, the quantity and size of the fine particles, and
their degree of dispersion in the gas stream. A heavier dust concentration
may be expected in dryers utilizing kiln exit gases (waste-heat dryers) be-
cause of the dust carry-over from the kiins. Emissions from rotary dryers
also include combustion-related pollutants such as sulfur dioxide (S0s),
nitrogen oxides (NOX), carbon monoxide (CO), and volatile organic compounds
(voC).

The most common dry grinding circuits, whether they use ball mills,
compartment mills, or vertical units, are vented from mill discharge points
to provide some air sweep through the mills to prevent mill dusting during
grinding. In the normal closed circuits, vents may also be connected to
mill discharge elevators, conveyors, and air separators to maintain the en-
tire system under negative pressure. The heavily dust-laden air from these
vents is conducted to a dust collector. In the case of “dry-in-the-mill"
combination drying and grinding circuits, the final vent from the drying
or closed-circuit separator or cyclone, which includes combustion-related
gaseous pollutants as well as particulate matter, would be treated similarly.
Condensed water vapor is also present in the exhaust from dry process raw
mill circuits which produces a visible, opaque plume.

Fugitive emissions during mixing and grinding include the dust gener-
ated during materials handling, transfer (belt transfer points, airslides,
elevators, etc.), and storage (enclosed) operations. Figures 2-2 and 2-3
indicate the various fugitive emission points in the process flow.?

2.3.3 Burning or Clinker Production

2.3.3.1 Rotary Kiln--

Blended and ground raw materials are fed to a rotary kiln. Rotary kilns
are most commonly used in both the wet and dry manufacturing processes. Kiln
Tength can be 30 to 230 m (90 to 750 ft) with diameters of 2 to 8 m (6 to 25
ft).1’¢ The kiln is erected horizontally with a gentle slope of 3.1 to 6.3%
and rotates along its longitudinal axis.S

2-18




The kiln feed, commonly referred to as "slurry" for wet-process kilns
or "raw meal" for dry-process kilns, is fed into the upper end of the kiln.
As the feed flows slowly toward the lower end, it is exposed to increasing
temperatures. During passage through the kiln (1 to 4 hr), the raw materi-
als are heated, dried, calcined, and finally heated to a point of incipient
fusion at about 1430° to 1480°C (2600° to 2700°F) at which point a new min-
eralogical substance called clinker is produced. At the lower end of the
kiln, the combustion of coal, fuel ¢il, or gas must produce a process tem-
perature of 1590° to 1930°C (2900° to 3500°F). The combustion gases pass
though the kiln counter to the flow of material, and leave the kiln along
with carbon dioxide (C0;) driven off during calcination.

Two basic types of wet-process kilns are in use in the United States.
Around 1930, short wet-process kilns were installed with waste-heat boilers
similar to the waste-heat boilers in the short dry kilns. Shortly there-
after, the construction of short wet-process kilns yielded to the building
of long wet-process kilns with internal chain preheaters. All of the newer
wet-process kilns utilize a chain system to heat and convey the feed.* The
system consists of a large number of chains suspended in the drying zone of
the kiln and arranged so that, in addition to 1ifting the slurry into the
path of the hot gases, they also convey the raw material to the burning
zone. The slurry on the large exposed surface of the chains is thus in
intimate contact with the combustion gases.® '

As the hot waste gases pass through the kiln exit, they are sometimes
utilized to preheat the kiln feed. These preheat systems can affect the
quantity of emissions released from the kiln. The grate preheat (also re-
ferred to as the Lepol; semi-wet; or semi-dry) method uses a double-pass {or
more) system whereby the gaseous effluents pass countercurrently through
moist (12% water) nodules produced in a pan pelletizer. The first pass
after exiting the kiln is to preheat and partially calcine the mix and the
second to dry the mix. The suspension preheater system is used on dry-
process kilns, whereby the dry mix is preheated (and partially cg]cined) by

* Chain systems have also been installed in some 1dng, dry process kilns

with a few using trefoils or crosses for heat exchange purposes.
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direct contact with waste gases in a multistage cyclone-suspension process.
The waste gases pass through one or more cylones (normally four) though
which the mix passes countercurrently.

The Targest single source of ducted emissions in port]and'bement plants
is the rotary kiln. Pollutants generated in the kiln consist of particulate
matter as well as some combustion-related gases such as S0,, NOX, C0, and
VOC. Emissions of particulate matter from rotary kilns can be reduced by
utilizing a larger kiln diameter (at the same feed and firing rate) which
lowers the gas velocity and thus entrainment of dust in the effiuent gas
stream.* Modification of a rotary kiln or the addition of a suspension pre-
heater that uses cyclones or moveable grate preheaters are also partially
effective in controlling the dust generated in the kiln. Additional control
equipment is normaily used for satisfactory collection of kiln dust prior to
discharge to the atmosphere. '

Gaseous emissions from the combustion of fuel in the kiln are usually
not sufficient to necessitate the addition of equipment to control such emis-
sions. Most of the sulfur dioxide formed from the suifur in the fuel is
recovered as it combines with the alkalies and also with the 1ime when the
alkali fume is low. Nitrogen oxides can form at kiln temperatuers of 1430
to 1650°C (2600° to 3000°F), and are of concern. Combustion modification
to reduce NOx emissions from cement kilns have been studied by the EPA.©
Odoriferous hydrogen sulfide and polysulfides may also be produced in the
drying of the slurry or in the drying of the dry-process raw material when
the latter is composed of marl, sea shells, shale, clay, or other suifur-
containing material.

The greatest problem with fugitive emissions associated with rotary
kilns involves the disposal of the dust collected in the air pollution control

If any type of suspension preheater or flash calciner is retrofitted
to an existing kiln, the length is generally reduced to achieve the
proper thermal profile and retention time. ‘
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system. The most desirable method for disposing of the collected dust is
to return it to the kiln. The alkali content of the cement product, how-
ever, must often be less than 0.6% by weight (calculated as sodium oxide).
Where the alkali content of the raw material (e.g., clay) going into the
kiln is high, recycling of kiin dust may not be possible. Practical methods
of returning dust to the kiln are:

1. Direct dust return to kiln feed prior to kiln entry by mixing dry
dust and kiln feed (either wet or dry).

2. Direct dust return to the kiln parallel to the kiln feed (either
wet or dry).

- 3. Insufflation, which is the return of dry dust into the burning
zone either through the fuel pipe (as is frequently the case in
coal fired kilns on unit coal pulverizers) or by a separate pipe
parallel to the burner. Here the dust entering the burning zone
sinters into small grains of clinker and is discharged with the
clinker to the cooler. In this process, the collected dust is
usually pumped dry from the collecting unit at the feed end to
the burner floor and into the burning zone through the kiln hood.

There is no single satisfactory method of returning all of the collected
dust to the ki]n; as a result, to control alkalies or improve kiln opera-

tion, at least part of the dust must be disposed in other ways.

Kiln dust has been, or can be, used in a number of different ways, in-
cluding:? ’

. Landfill and soil stabilizer/neutralizer/fertilizer.
Sub-base for roads.

Dumped into strip mines to neutralize acid mine drainage.
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- - Fillers for bituminous paving materials and asphaltic roofing ma-.

terials.

Neutralize acidic waters of bogs, lakes, and streams (as appro-
priate).

Mautralize certain industrial wastes such as spent pickle Tiquor,
leather tanning waste and cotton seed delinting waste.

. Waste sludge 5tabi1ization.
Substitute for lime in wastewater treatment systems.
Absorption of S0, from stack gas in wet scrubber slurries.
Replacement of soda in green glass.

Disposal of dust, unless it can be sold as a substitute for other mate-
rials such as those listed above, presents problems with fugitive emissions.
Since the collected dust may range from a few hundred pounds per hour to
many tons, disposal requires a waste area and a means of moving dust from
the collector to the waste area. The collected dust may be mixed with water
and pumped to waste ponds in a manner similar to fly ash disposal commonly
practiced in power generating stations or pelletized prior to disposal using
pan or drum pelletizers. It may also be pumped dry or hauled by truck to
worked-out quarry areas where rain and weather concrete the disposal pile
into a monolithic mass. Where trucks are used, usually the dust is dampened
in a pug screw as it is discharged into the truck. "An enclosed system has
also been used for truck loading with the displaced air vented through a
dust collector. '

Fugitive emissions can also be generated during transport and handling
of the dust from the collector hopper, truck loading and unloading operations,
truck traffic across paved and unpaved roads, as well as wind erosion from
the bed of open trucks during transport and from the disposal site itself.
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2.3.3.2 Clinker Coolers-- .

As the clinker is discharged from the lower end of the kiln, it passes
through a clinker cooler that serves the dual purpose of reducing the tem-
perature of the clinker before it is stored and recovering the sensible heat
for reuse inside the kiln as preheated primary or secondary combustion air
as well as tertiary air for combustion in the precalciner. Planetary, vi-
brating, or grate type air-quenching coolers are used to permit a blast of
cooling air to pass either through or over a moving bed or stream of hot
clinker. The cooled clinker is then conveyed by drag chains, vibrating
troughs, or conveyor beits to storage. '

Like the kiln, the clinker cooler can be a significant source of ducted
emissions. Effluent gas from grate coo]érs, which contains particulate, is
vented through a separate dust collection device. Fugitive emissions asso-
ciated with clinker coolers are generated by materials handiing, transport,
and storage operations which include stockpiling and recovery of clinker
from open piles with the associated wind erosion losses (Figures 2-2 and
2-3). The storage of clinker in enclosed silos or partially enclosed build-
ings or halls for convenience in handling and for weather protection (and,
indirectly, for the control of fugitive dust emissions) has become more
prevalent in newer plants.

2.3.4 Finish GrindingL_PackaQing, and Shipping

In the final stage of cement manufacture, clinker is ground into ce-
ment. Interground with the c¢linker is a small amount of gypsum (normally
3 to 6%), which regulates the setting time of the cement when it is mixed
with water and aggregate to make mortar or concrete.

Various grinding circuits are in use. The system may be two stage,
with preliminary and secondary mills, or the entire process may be performed
in a single compartment mill. Ball mills or tube mills normally are used.
Crushers may be used ahead of the ball or tube mills, The grinding system
méy be open circuit, but most of the mills are closed-circuited with air
separators. ‘The final product has a fineness of about 90% less than 44 um
(minus 325 mesh).®
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The finished cement is transported by pneumatic pumps, mechanical
screws, or belt conveyors, to silos for storage until it is shipped. Some
portland cement is packaged in 44-kg (96-1b) bags; however, most cement is
transported in trucks, hopper cars, barges, and ships.

As with raw grinding, the major source of ducted emissions are the
finish mills circuits. Clinker is ground in the same type of mills as used
for the raw materials. The discharge from these mills is elevated to an
air separator in closed-circuit grinding. Cement with the proper fineness
is sent to storage, and the oversize is sent back to the mill for regrind-
ing. The circuit is cooled by air passing through the mill and separator
and finally into a dust collector.

Cement-material handling (such as pneumatic conveying of finished mate-
rial, bagging, and bulk loading) is a potentially significant source of fu-
gitive emissions. However, the high salvage value of the escaping material
makes dust collection an economic necessity. Normally, material transfer
points are completely encliosed and vented through dust collectors for prod-
uct recovery. In-plant paved roads can also be a significant source of
fugitive emission due to spillage of material during truck loading opera-
tions. Table 2-7 provides a summary of the air pollutant sources typically
found in cement plants.

2.4 CONTROL TECHNOLOGY

2.4.1 Ducted and Process Fugitive Sources

2.4.1.1 Rotary Kilns--

Kiln dust is separated from exhaust gases using one or a combination
of the following types of equipment: cyclone separators; electrostatic pre-
cipitators (ESPs); baghouse collectors; and settling chambers. A number of
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TABLE 2-7. POTENTIAL SOURCES OF AIR POLLUTANTS IN CEMENT PLANTS®

Type of process

1

Emission source

Source
classification

Pollutants®

Quarry Operations

Crushing Operations

Preparation of Raw Materials

Kiln Operation

Clipker Cooling

Finish Grinding, Packaging, &
Shipping

Oriliing
Blasting
Loading of broken rock

Transporting or conveying
(to cement plant)

Overburden disposal
Unloading rock from quarry
Crushing

Screening

Conveying (to and from
storage)

Storage and reclaiming
(i.e., stockpiling)

Drying operations

Conveying and feeding
{to dryers and grinding
circuit)

Grinding of jraw
materials

Conveying of ground
material (dry process)

Feeding raw material to
kiln(s) - dry process

Gases exhausted from
kitn(s}

Excess air exhausted
clinker cooler(s)

Conveying clinker from
cooler(s) to finish-
grinding milT(s) or
storage

Clinker storage/stockpiling
Recovery and conveying
of clinker from stor-

age to finish-grinding
mitl(s)
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oD
00
00
oD

00
00
PF

PF
00

oo

00

PF/0D

PF

0D

]
oD

PH
PM
PM

PM

PH
PM
PM
PM
PM

P
PM, SO, NO_, CO, VOC
M
PM, SO,, NO_, €0, VOC
P
PM
PM, 50,, NO_, CO, VOC
PM

PM

PM

PM
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JABLE 2-7. (continued)

Type of process

Emission source

Source

classification

Pollutants®

Waste ODust Handling and
Disposal

Miscellapeous Operations

Finish grinding of clin-

ker, gypsum, and add-
tives

Alr classification of
finished product and
conveying to storage

Storage silo(s)

Bulk Yoading operations

HandYing, truck loading/
unToading

Paved and unpaved roads

Wind erosion from stock-

pile and exposed areas

oo
00

00
Q0

PM

=3
-
-

PM
PM

PM

PH
PM

3 Taken from Reference 1.

b 0D ~ Open Dust Source

PF - Process Fugitive Source
D - Ducted Source

€ PM - Particulate Matter
50, - Sulfur Dioxide
NO_ - Nitrogen Oxides
¢ - Carbon Monoxide

VOC - Volatile Organic Compounds

d Combustion-related pollutants for combination drying/grinding.
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good references are available which describe the theory, operation and ap-
plicability of the control devices listed above and thus such will not be
discussed here.®*7

As of 1975, the most widely used particulate collection system for
rotary cement kilns consisted of cyclones followed by an electrostatic pre-
cipitator. The distribution of the various types of dust collection equip-
ment used in the 101 cement plants surveyed by Southern Research Institute
in 1975 is shown in Table 2-8.1 Since this survey was conducted over
11 years ago, the data shown in Table 2-8 probably does not represent cur-
rent industry practice.

The effectiveness of the control devices listed in Table 2-8 is depen-
dent on the characteristics of the gas stream and the particulate matter--
specifically the size of the particles, the moisture content of. the gas,
the resistivity of the dust, and the concentration and composition of the
dust. Mechanical collectors are not effective on submicrometer particies
and, therefore, are used only as a precleaner to a fébric filter or ESP.
As stated previousiy, the dust collected by these precleaners can be re-
cyclted to the kiln when its chemical composition does not significantly
alter that of the final product.

As stated above, no external equipment is generally used in the cement
industry for the control of gaseous pollutants. However, due to the alka-
line nature of the particles, some S0, removal can be achieved in the kiln
and dust collection equipment. Varicus combustion modifications have been
attempted for the control of NOx in cement kilns but have been generally
unsuccessful.®

2.4.1.2 Clinker Coolers--

The clinker ccoler is another major air pollution source in cement
plants. Dust collected from this source is returned to the process (usually
clinker storage) rather than wasted. The types of air pollution control
equipment used to handle clinker cooler off-gas include: settling chambers;
cyclenes; granular bed filters; baghouse collectors; and electrostatic pre-
cipitators.
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TABLE 2-8. DISTRIBUTION OF KILN DUST COLLECTION SYSTEMS
IN WET AND DRY PROCESS CEMENT PLANTS!

Type of process
and

number of p]antsa

Kiln-Dust Collection System Wet Dry
Single dust collector

Cyclones 2 2
Precipitators : 31 3
Baghouses b -3 3
Wet scrubbers 1 0
Settling chamber 1 0
Combinations of Dust Collectors

Precipitators and wet scruBbersb 1 0
Cyclones and wet scrubbers 1 0
Cyclones and precipitators 14 12
Cyclones and baghouses 4 16
Cyclones, baghouses, and precipitators 2 2
Baghouses and precipitators 1 1
Baghouses and wet scrubbers 0 1

Source: Davis, T. A., and D. B. Hooks. Disposal and
Utilization of Waste Kiln Dust from Cement
Industry, EPA-670/2-75-043, U. S. Environmental
Protection Agency, Cincinnati, Chio, 1975.

Data are extremely dated and probably do not represent
current industry practice.

It is doubtful whether any wet scrubbers are presently
being used in operating cement plants.
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2.4.1.3 OQOther Ducted and Process Fugitive Sources--

" There are other ducted and process fugitive sources within cement
plants. These sources were listed previously in Table 2-7. Capture and
collection systems using baghouse collectors appear to be most frequently
applied to control dust emissions from these various sources although wet

suppression (with water, surfactants, foam, etc.) has been used success-
' fully on crushing, screening, and materials handling operations.

2.4.2 0pen Dust Sources

As stated above, there are a number of open dust sources associated
with cement plants including: drilling; blasting; materials storage, han-
dling, and transfer operations; truck load-in/load-out; clinker and raw
material storage piles; vehicular traffic on paved and unpaved roads; and
wind erosion. Fugitive emissions from materials handling, storage, loading
and unloading operations can be reduced by a variety of different control
techngieus. These include: enclosures and hoods ducted to dust collec-
tors; wet dust suppression using water, foam, or chemicals; process modi-
fications, improved housekeeping, and combinations of these and other
controls. Plant roads can be paved, watered, treated with chemicals, or
swept regularly to minimize dust reentrainment. References 7 and 8 provide
guidance as to the various techniques appiicable to such sources.
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SECTION 3.0

GENERAL DATA REVIEW AND ANALYSIS PROCEDURES

3.1 LITERATURE SEARCH AND SCREENING

The first step of this investigation was an extensive search of the
available literature relating to the particulate emissions associated with
portland cement plants. This search included: data collected under the
inhalable particulate (IP) emission characterization program; information
contained in the computerized Fine Particle Emission Inventory System
(FPEIS); source test reports and background documents for Section 8.6 of
AP-42 located in the files of the EPA's Office of Air Quality Planning and
Standards (0AQPS); source test reports received industry; and MRI's own
files (Kansas City and North Carolina). The search was thorough but not
exhaustive. It is expected that certain additional information may also
exist, but limitations in funding precluded further searching.

To reduce the large amount of literature collected to a final group of
references pertinent to this report, the following general criteria were
used:

1. Source testing must be a part of the referenced study. Some re-

ports reiterate information from previcus studies and thus were
not considered.

2. The document must constitute the original source of test data. For
example, a technical paper was not included if the original study
was already contained in a previous document. If the exact source
of the data could not be determined, the document was eliminated.
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A final set of reference materials was compiled after a thorough re-
view of the pertinent reports, documents, and information according to the
criteria stated above. This set of documents was further anaiyzed to derive
candidate emission factors for particulate matter based on total mass and
particle size.

3.2 EMISSION DATA QUALITY RATING SYSTEM

As part of MRI's analysis of the available data, the final set of
reference documents were evaluated as to the quantity and quality of the
information contained in them. The following data were always excluded
from consideration.?

1. Test series averages reported in units that cannot be converted
to the selected reporting units.

2. Test series representing incompatible test methods.

3. Test series of controlled emissions for which the control device
is not specified.

4. Test series in which the source process is not clearly identified
and described.

5. Test series in which it is not clear whether the emissions mea-
sured were controlled or uncontrolied.

If there was no reason to exclude a particular data set, each was as-
signed a rating as to its quality. The rating system used was that speci-

fied by the OAQPS for the preparation of AP-42 Sections.! The data were
rated as follows: ‘




A - Multiple tests performed on the same source using sound methodol-
ogy and reported in enough detail for adequate validation. These
tests do not necessarily have to conform to the methodology spe-
cified in either the IP protocol documents, or by EPA reference
test methods, although such were certainly used as a guide.

B - Tests that are performed by a generally sound methodology but
Tack enough detail for adequate validation.

C - Tests that are based on an untested or new methodology or that
tack a significant 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 following criteria were used to evaluate source test reports for
sound methodolegy and adequate detail:

- 1. Source operation. The manner in which the source was operated is
well documented in the report. The source was operating within

typical parameters during the test.

2. Samplting procedures. The sampling procedures conformed to a gen-

erally accepted methodology. If actual procedures deviated from
accepted methods, the deviations are well documented. When this
occurred, an evaluation was made of how such alternative proce-
dures could infiuence the test results. '

3. Sampling and process data. Adequate sampling and process data

are documented in the report. Many variations can occur without
warning during testing and sometimes without being noticed. Such
variations can induce wide deviations in sampliing results. If a
large spread between test results cannot be explained by informa-
tion contained in the test report, the data are suspect and were
given a lower rating.




4. Analysis and calculations. The test reports contain original raw

data sheets. The nomenclature and equations used were compared
to those specified by EPA (if any) to establish equivalency. The
depth of review of the calculations was dictated by the reviewer's
confidence in the ability and conscientiousness of the tester,
which in turn was based on factors such as consistency of resultis
and completeness of other areas of the test report.

As a general rule, tests conducted strictly for the purpose of devel-
oping new source performance standards for a particular source category
were not rated higher than B. This is due to the fact that these tests
represent facilities which are considered as especially well-maintained,
operated and contrciled plants and thus may not be truly representative of
the industry as a whole.

3.3 PARTICLE SIZE DETERMINATION

There is no one method which is universally accepted for the determina-
tion of particle size. A number of different techniques can be used which
measure the size of particles according to their basic physical properties.
Since there is no "standard" method for particle size analysis, a certain’
degree of subjective evaluation was used to determine if a test series was
performed using a sound methodology for particle sizing. The following is
a brief explanation of how particle size is defined and the various methods
available for particle size measurement.

3.3.1 Particle Size Definitions

Examination of particles with the aid of an optical or electron micro-
scope involves the physical measurement of a linear dimension of a particle.
The measured "particle size" is related to the particle perimeter or to the
particle projected area diameter. Particle size measurement in this manner
does not account for variation in particle density or shape.?
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A1l laws describing the properties of aerosols can be expressed most
simply for particles of spherical shape. To accommodate nonspherical par-
ticles it is customary to define a "coefficient of sphericity" which is the
ratio of the surface area of a sphere with the same volume as the given
particle to the surface area of the particie.? An estimate of particle
volume can be obtained from microscopic sizing, and by assuming a density,
one can obtain an estimate of particle weight. ‘

Because of large variations in particle density and the aggregated na-
ture of atmospheric particles, it is useful to define other quantities as a
measure of particle size based on their aerodynamic behavior. The Stoke's
diameter. is defined as the diameter of a sphere having the same settling
velocity as the particle and a density equal to that of the bulk material
from which the particle was formed, or:3

' [ 18_—\(5 n ‘
DS = gp C(Ds) for Re < 0.5 (3-1)

where:
D, = Stoke's diameter (cm)
VS = terminal settling velocity of a particle in free fall (cm/sec)
n = viscosity of the fluid {gm/cm-sec)
g = gravitational constant (980.665 cm/sec?)
p = density of the particle (gm/cm3)
C(Ds) = Cunningham's s1ip correction factor for spherical particles
of diameter Ds (dimensionless)
=1+ % ' (3-2)
. S '
with: ' !

=a + B exp(-y DS/ZA) (3-3)
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a = empirical constant (dimensionless) = 1.23 - 1.246

B = empirical constant (dimensionless) = 0.41 - 0.45

y = empirical constant (dimensionless) = 0.88 - 1.08

A = mean free path of the fluid at stated conditions (cm)

= A, (n/n)) (/T YO S (p /P) . (3-4)

0 o 0 .

A, = mean free path at reference conditions (cm)

n- = gas viscosity at stated conditions (gm/cm-sec)

n. = gas viscosity at reference conditions (gm/cm-sec)

T° = absolute temperature (°K)

T, = reference temperature = 296.16°K

P” = absolute pressure (kPa)

P = reference pressure = 101.3 kPa

RS = Reynold's number {dimensionless)

For particles greater than a few microns in diameter, a less rigorous
form of Equation 3-1 can be used with reasonable accuracy according to the
relationship:4?*%

18 n Vs )
= < R -
DS m Re < 0.05 (3 5)

p, g, Ds’ and n are as defined above; and

air at the appropriate temperature and pressure

Since dispersion and condensation aerosols are usually formed from many
materials of different densities, it is more useful to define another param-
eter called the aerodynamic diameter, which is the diameter of a sphere having
the same settling velocity as the particle and a density equal to 1 g/cm3.2°3
The classical aerodynamic diameter differs from the Stoke's diameter only
by virtue of difference in density, assumed equal to unity, and the slip
correction factor, which, by convention, is calculated for the aerodynamic
equivalent diameter. From Equation 3-1:3




0 _ 18r|VS . : (3"6)
Ae ~ gCEDAeS

= Yclassical" aerodynamic equivalent diameter {cm), with n,

where DA
Vs’ g, C as previously defined in Equation 3-1.

e

Equations required for interconversion between Stoke's and aerodynamic
diameters are presented in Table 3-1.3

TABLE 3-1. EQUATIONS USED FOR PARTICLE SIZE CONVERSIONS2

Conversion equationa
Diameter definition Stoke's Classical aerodynamic
(given) diameter (DS) equivalent diameter (DAe)
r 3 1i/2
- pc(p.) | *
| 3 —
Stoke's diameter 1.0 DAe = D5 f(ﬁ;;j
Classical
aerodynamic C(DAe) 1/2
diameter (DAe) DS = DAe —_— 1.0
: pC(D.)
3 Notation: Ds = Stoke's diameter (pm)
DAe = Classical aerodynamic equivalent diameter (um)
p - = Particle density (g/cm?)
C(Ds), C(DAe), = S1ip correction factors (dimensionless)--

see Equations 2, 3, and 4.

3.3.2 Particle Size Measurement

As stated previously above, particle size is determined by measuring
certain physical properties of the particulate being analyzed, such as its
inertial, light scattering, sedimentation, diffusional, and electrical
characteristics. The size distribution of an aerosol can be detérmined
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either directly at the source (i.e., stack or vent) or indirectly by the
collection of a bulk sample of the material for subsequent analysis in the
laboratory. In either case, the instrument(s) utilized to make such a de-
termination can be manual or automated depending on the individual technique.

The five basic methods for the direct measurement of particle size are:

1. Aerodynamic separators (cascade imbactors, cyclones, elutriators,
etc.)

2. Light-scattering optical partic]e‘counters
3. Electrical mobility analyzers

4, Condensation nuclei counters

5. Diffpsion batteries

A1l -of the above are extractive methods, with the exception of certain aero-
dynamic separators.

Indirect methods for the determinatign of particle size include:
1. Sieving (wet, dry, sonic)

2. Sedimentation

3. Centrifugation (inertial separation)

4. Microscopy (optical and electron)

5. Others (acoustic, thermal, spectrothermal emission)
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: - Table 3-2 provides a guide as to the various methods for the determina-
tion of particle size based on certain physical properties of the particu-
late and notes the size range in which each is generally applicable.®

In most respects instruments that fractionate an aerosol on the basis
of the aerodynamic properties of its components probably give the best
practical assessment of size. Once flow conditions have been selected for
the device, the terminal settling velocities of the particles collected in
each stage or part of the instrument can be determined, even though particle
specific gravity and shape factor are unknown.® Unless the particle shapes
are extremely irregular, the details of precise geometric form can be by-
passed and the Tikelihood of the particle's capture by a dust-collecting
system can still be determined. Because the correct assessment of particle
size properties is essential for the development of appropriate emission
factors, an assessment by aerodynamic techniques was emphasized in review-

ina and ratina the 'inri';\.r';rhln"! d
ng and rating 1he 1RCIVICUa

Examples of aerodynamic particle sizing instruments are centrifuges,
cyclones, cascade impactors, and elutriators. Each of these instruments
employs the unique relationship between a particie's diameter and mobility
in gas or air to collect and classify the particles by size. For pollution
studies, cyclones and impactors (primarily the latter) are more useful be-
cause they are rugged and compact enough for in situ sampling. In situ sam-
pling is generally preferred because the measured size distribution may be
distorted if a probe is used for sample extraction. In the following two
subsections, methods of using impactors and cyclones are discussed.

3.3.2.1 Cascade Impactors--

Cascade impactors used for the determination of particle size in pro-
cess streams consist of a series of plates or stages containing either smal)
holes or slits with the size of the openings decreasing from one plate to
the next. In each stage of an impactor, the gas stream passes through the
orifice or sT1it to form a jet that is directed toward an impaction plate.
For each stage there is a characteristic particle diameter that has a 50%




TABLE 3-2. GUIDE TO PARTICLE SIZE MEASUREMENT®
Diameter of
applicability
- Method (pm)
Optical
Light imaging 0.5+
~ Electron imaging 0.001-15
Light scanning 1+
Electron scanning 0.1+
Direct photography 5+
Laser holography 3+
sieving 2+
Light scattering
Right angle 0.5+
Forward 0.3-10
Polarization 0.3-3
With condensation 0.01-0.1
Laser scan 5+
"Electrical
Current alteration 0.5+
Ion counting, unit charge 0.01-0.1
Ion counting, corona charging 0.015-1.2
Impaction 0.5+
Centrifugation 0.1+
Diffusion battery 0.001-0.5
Acoustical
Orifice passage 15+
Sinusoidal vibration 1+
Thermal 0.1-1
Spectrothermal emission- 0.1+
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probability of impaction. This characteristic diameter is called the cut-
point (050) of the stage. Typically, commercial instruments have six to
eight impaction stages with a back-up filter to collect those particles
which are either too small to be collected by the last stage or which are
reentrained off the various impaction surfaces by the moving gas stream.”

The particle collection efficiency of a particular impactor jet-plate
combination is determined by properties of the aerosol such as the particle

shape and density, but the viscosity of the gas, and by the design of the

impactor stage. There is also a slight dependence on the type of collec-
tion surface used (glass fiber, grease, metal, etc.). Reentrainment, or
particle bounce, is a significant problem with cascade impactors especially
in the case of high particulate 1oadihgs. This problem can be partially
solved by using a preseparation device ahead of the impactor to reduce the
overall loading of coarse particles.
3.3.2.2 Cyclone Separators-- )

Traditionally, cyclones have been used as a preseparator ahead of a
cascade impactor to remove the larger particles. These cyclones are of the
standard reverse-flow design whereby the aercsol sample enters the cyclone
through a tangential inlet and forms a vortex flow pattern. Particles move
outward toward the cyclone wall with a velocity that is determined by the
geometry and flow rate in the cyclone and by their size. Large particles
reach the wall and are collected.

A series of cyclones with progressively decreasing cut-points can be
used also instead of impactors to obtain particle size distributions. The
advantages are that Targer samples are acquired, particle bounce is not a
problem, and no substrates are required. Also, longer sampling times are
possible with cyclones, which can be an advantage at very dusty streams,
but a disadvantage at relatively clean streams. One such series cyclone
system was developed by an EPA contractor specifica]ly'for the IP program.
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3.4 PARTICLE SIZE DATA ANALYSIS METHODOLOGY

The particulate emission information contained in the various primary
reference documents was reduced to a common format using a family of computer
programs developed especially for this purpose (as shown in Table 3-3).
These programs are fundamentally BASIC translations of the FORTRAN program
SPLIN2 developed by Southern Research Institute.® The particular version
translated is one that MRI modified earlier to operate utilizing as few as
three data points. Additional changes were made to produce emission fac-
tors as functions of the- aerodynamic particle diameter.

As mentioned above, SPLIN2 is the ceﬁtra] portion of the program which
uses the so-called "spline" fits. Spline fits result in cumulative mass
size distributions very similar to those which would be drawn using a French
curve and fully legarithmic graph paper. In effect, the logarithm of cumu-
- lative mass is plotted as a function of the logarithm of the particie size,
and a smooth curve with a continuous, honnegative derivative is drawn.

The process by which this smooth cumulative distribution is constructed
involves passing an interpolation parabola through three measured data points
at a time. The parabola is then used to interpolate additional points be-
tween measured values. When the set of interpolated points are added to
tﬁe original set of data, a more satisfactory fit is obtained than would be
the case using only the measured data.

The primary addition to the spline fitting procedure is the determina-
tion of size-specific emission factors once the size distribution is obtained

by a spline fit. The user is prompted to input process and emission rate
data. The program determines a total particulate emission factor by:

ETP = - (3-7)
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TABLE 3-3. COMPARISON OF COMPUTER PROGRAMS

Fitted size . JSKPRG JSKRAW JSKLOG
distribution Spline Sptine Log-normal

Input requirements:

particle size data Largest particle diam- Largest particie Completed log-

: ' eter; cumulative diameter; incre- normal size
mass fractions; mental mass frac- distribution
particle density tions; particle

density
process data Process and emis- Process and emis- Process and emis-
sion rates sion rates sion rates
- or - -or - - or -
emission factor emission factor emission factor
Output: resees s ————— Size-specific emission factors ===-wcoccuaco

(English and metric units)
for selected aerodynamic particle
diameters
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where: ETP total particulate emission factor (ib/ton)

erp = total particulate emission rate (1b/hr)

R = process weight rate (tons of cement produced/hr)

Emission factors for each particle size range are then obtained by multiply-
ing ETP by the mass fraction associated with that range. The programs
automatically convert the size-specific emission factors obtained from
English units (1b/ton) to the appropriate metric units (kg/metric ton),
which are tabulated as a part of the output format (1 kg/metric ton =

1 kg/10® g = 1 kg/Mg). As an additional function, each progfam has the
capability of converting from Stoke's diameter to aerodynamic diameter
using the appropriate density correction (Table 3-1).

Most of the programs also require that a largest particle diameter be
provided to complete the size distribution. A maximum size of 200 umA (aero-
dynamic diameter) was assumed unless other data were available. This value
was selected since this is the largest particle size which might be expected
based on the limited data contained in the Titerature. A complete listing

of each program is provided in Appendix A of Volume I with sample outputs
shown in Figures 3-1 to 3-3.

Oue to the nature of the spline fit routine, a large-scale extrapola-
tion (i.e., order of magnitude) of the data can result in a negative slope
of the cumulative size distribution curve. In such cases, JSKLOG was used
in its place. In JSKLOG, the data input to the program have already been
fitted to a standard log-normal distribution utilizing a separate program
written for the Texas Instruments Model 59 (TI-59) programmable calculator.
This program was used whenever a spline fit was determined not suitable to
adequately represent the distribution in the smaller particle size ranges.
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Figure 3-1.
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Example output of "JSKPRG."
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Figure 3-3. Example output of "JSKLOG."
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3.5 EMISSION FACTOR QUALITY RATING SYSTEM

The quality of the emission factors developed from analysis of the
test data was rated utilizing the following general criteria:!l

A - Excellent: Developed only from A-rated test data taken from

many wmam rAamTy ~
many tdiuvinily G

en facilities in the industry population. The

source category* is specific enough to minimize variability within
the source category population.

B - Above average: Developed only from A-rated test data from a
reasonable number of facilities. Although no specific bias is
evident, it is not clear if the facilities tested represent a
random sample of the industries. As in the A-rating, the source
category is specific enough to minimize variability within the
source category population.

C - Average: Developed only from A- and B-rated test data from a
reasonable number of facilities. Although no specific bias is
evident, it is not clear if the facilities tested represent a
random sample of the industry. As in the A-rating, the source
category is specific enough to minimize variability within the
source category population. '

D - Below average: The emission factor was developed only from
A- and B-rated test data from a small number of facilities, and
there is reason to suspect that these facilities do not represent
‘@ random sample of the industry. There also may be evidence of

variability within the source category population. Limitations
on the use of the emission factor are footnoted in the emission
factor table.

* Source category: A category in the emission factor table for which an

emission factor has been calculated (generally a single process).
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. E - Poor: The emission factor was developed from C- and D-rated
test data, and there is reason to suspect that the facilities
tested do not represent a random sample of the industry. There
also may be evidence of variability within the source category
population. Limitations on the use of these factors are always
footnoted.

The use of the above criteria is somewhat subjective'depending to a large

extent on the individual reviewer. Details of how each candidate emission
factor was rated are provided in each section of this report.
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SECTION 4.0

PARTICULATE EMISSION FACTOR DEVELOPMENT

This section describes the test data and methodology used to develop
particulate emission factors for the cement industry.

4.1 REVIEW OF SPECIFIC DATA SETS

A total of 55 reference documents were collected and reviewed during
the literature search conducted as part of this study.l 35 These documents
are listed at the end of this section along with an indication as to whether
the document contains particle size data.

The original group of 55 documents were reduced to a final set of pri-
mary references utilizing the criteria outlined in Section 3.0 of this re-
port. For those reference documents not used, the following summarizes the
reason{s) for their rejection:

Reference No. ~ Cause(s) for Rejection

1 No test method specified.

2 No test method or plants specified; ranges of
emission rates only.

3 No test method specified.

4 No test method or fuel type specified.

5-7 No test method specified; little documentation;
data for all kilns combined.

8 Not original source of test data.

g Not original source of test data.

19 Not original source of test data.

22 Kiln dust disposal study -- no emissions data.

23 Not original source of test data.

28 Not original source of test data.
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Reference No. Cause(s) for Rejection

29 Not original source of test data.

34 S0,/NO, data only - no particulate tests.

35 Type of process and fuel not specified.

37 Type of process not specified.

38 Type of process not specified.

41 Type of control device not specified.

45 Process description only - no test data (used
as reference for review of other test reports).

47 Data deleted due to nonconsistent combination
of control devices.

49 Sources tested not specified.

55 Type of process not clearly specified (probably

wet process).

The following is a discussion of the data contained in each of the pri-
mary references used to develop candidate emission factors, according to
reference number and date of publication. Initially, all emission factor
calculations were performed in terms of weight of poliutant per weight of
cement produced. Later, the emission factors developed were converted to
weight of pollutant per weight of c¢linker for those sources producing or
processing this particular material (i.e., kilns and coolers).

4.1.1 References 10 through 17 (1971)

References 10 through 17 are source tests of nine different cement
plants conducted by EPA contractors. The purpose of these tests was to
gather emissions data on well controiled plants to develop New Source Per-
formance Standards (NSPS) for the cement industry. A1l of the tests were
performed using EPA reference test methods with sampling conducted at the
outlet of some type of dust collector. Emission factors were presented in
each report in terms of pounds of particulate matter per ton of feed mate-
rial. A summary of the data contained in References 10 through 17 is shown
in Table 4-1.

Upon review of References 10 through 17, it was determined that the
sampling protocol used and test results obtained were fairly well documented
in each report. It was noted, however, that very little process operating
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data were -collected for the dates and times during thch=testing took place.
For this reason and the fact that these particular facilities represent well
controlled, operated, and maintained plants (as specified by NSPS), a rating
of B was generally assigned to the data. For certain tests, where problems
with either the operation of the process or in the collection of the samples
was mentioned, & rating of C was assigned to the data (see Table 4-1).
Copies of pertinent sections of each test report are included in Appendix A.

4.1.2 Reference 18 (1974)

Reference 18 is a report of source tests conducted by an EPA contractor
at a cement plant located in Arizona. The purpose of these tests was to
provﬁde background data for the de§e1opment of an NSPS for stone crushing.
Individual sources tested in this study included: a primary crusher; a
primary screen; a conveycr transfer point; and a secondary crushing and
screening plant. -

The total mass emissions from each source tested were determined at
the outlet of a baghouse collector utilizing EPA Method 5. Four runs were
conducted at each test location with emission factors calculated based on
the total amount of feed materjal. A summary of the test data presented in
Reference 18 has also been shown in Table 4-1. For reasons similar to those
presented above for References 10 through 17, a rating of B was likewise
assigned to the Method 5 data contained in Reference 18. Appropriate sec-
tions of the test report are contained in Appendix A. '

Eight particle size tests of the uncontrolled emissions from the pri-
mary crusher were also conducted with five additional tests being performed
on the emissions from the primary screen. In both cases the measurements
were made upstream of a baghouse collector. No determination of total mass
emissions were conducted at these sampling locations. The size distribution
of the particulate emitted from each source was made using a Brink Model B
cascade impactor with cyclone precollector. Since no Method 5 tests were
conducted at the same locations as the Brink tests, the data contained in
Reference 18 could not be used in the development of size-specific emission
factors.
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4.1.3 Reference 20 (1976)

Reference 20 is a study conducted by an EPA contractor to determine
the performance characteristics of three industrial electrostatic precipi-
tators (ESPs). One of the facilities tested in this program was a wet pro-
cess cement kiln fired with a combination of coal and coke oven gas.. Tests
were conducted at the inlet and outlet of the precipitator which represented
the uncontrolled and controlled emissions from the kiln. Unfortunaté]y, no
process data were collected during testing based on an agreement with plant
management. Since the purpose of the study was to evaluate the performance
of the ESP and not to characterize the source, the lack of process data did
not create a serious problem for the contractor performing the study.

Testing at the inlet was conducted using a Brink Model BMS~11 cascade
impactor fitted with a cyclone precollector. The Brink impactor is essen-
tially .a fine particle sampler and is generally not well suited to uncon-
trolled sources with a substantial population of large particles. A deter-
mination of total mass loading at the ESP inlet was not performed during the
program. At the outlet of the ESP, total mass emissions were determined
using EPA Reference Method 5 with an Andersen Mark III cascade impactor used
for determining particle size.

The data coliected in this study were not presented in any significant
detail in Reference 20. However, these data were entered in the EADS-FPEIS
data base (Test Series No. 80) from which a printout was obtained. Since no
verification of the EADS data could be made, the values reported were ac-
cepted at face value. It was learned from conversations with the contractor
that the test results obtained during the study were entered directly into
EADS under a separate effort with the raw data never actually appearing in a
published report.3?

Based on a review of Reference 20 and telephone conversations with the
contractor, it was determined that the particle size data collected at the
outlet of the ESP were invalid.5®¢ These tests were invalidated due to the
formation of artifacts on the fiberglass substrates used in the Andersen
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impactor during sampling, which created abnormally high Joadings to be mea-
sured. For this reason, none of the outlet data for these tests are pre-
sented in this report or used in the development of candidate emission fac-
tors. A summary of the test results collected at the inlet to the ESP is
provided in Table 4-2.

The information contained in Reference 20 and in the EADS printout
were determined to be of fairly good quality. However, the conspicuous
lack of documentation definitely lowered the overall rating which could be
assigned to the data using the criteria established by OAQPS. Based on the
factors stated above, a rating of C was given to the data contained in Ref-
erence 20 and the associated EADS printout. Copies of pertinent sections
of Reference 20 and the EADS printout are also included in Appendix A.

4.1.4 Reference 21 (1976)

Reference 21 is a study conducted by an EPA contractor to determine
the fractional efficiency characteristics of a gravel bed filter (Rexnord)
controlling the emissions from a c¢linker cooler. Testing was conducted at
both the inlet and outlet of the gravel bed using a number of different
particle sizing instruments. Due to the nature of the source and its as-
sociated emissions, only the data collected by in situ sampling using
cascade impactors are of interest in the development of size-specific emis-
sion factors.

During the sampling program, testing was conducted over a several day
period in both August and November of 1975. In the August test series, both
total mass emissions and particle size distributions were determined at the
inlet and outlet of the gravel bed filter. In November, only the inlet and
outlet particle size distribution was characterized.

The total mass emissions from the clinker cooler were measured at the
inlet to the gravel bed and in the stack using EPA Reference Method 5.
During the August tests, the inlet particle size distribution was deter-
mined using both a Brink and an Andersen cascade impactor with only an
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Andersen-uﬁit ised at the outlet. In November, the Brink impactoriwas
eliminated from the program.

A total of 17 tests were conducted at the inlet to the gravel bed fil-
ter using the Andersen impactor and eight tests with the Brink. At the out-
let, a total of 24 tests were conducted using the Andersen impactor. The
data obtained from these tests are summarized in Tables 4-3 through 4-7 for
both the August and November tests.

The main purpose of the study described in Reference 21 was to evaluate
the efficiency of the control device not to characterize the emissions from
the source. For this reason, the process data included in the report were
at best minimal. In addition, the cyclone precollectors used in conjunction
with the Brink or Andersen impactor were either not calibrated or otherwise
had an undefined cut-point at the time of testing. Also, as stated above,
the use of a Brink impactor is not the best choice for testing of uncon-
trolled .sources. For this reason the Brink impactor data were eliminated
from consideration in the development of candidate emission factors.

It was also mentioned in the report that a problem with particle bounce
had been observed with the impactor samples collected as evidenced by the un-
usually high loadings on the backup filters. This probiem is not uncommon
with these types of tests, but can definitely bias the results obtained. For
the above reésons, a rating of C was assigned to the data in Reference 21. A
copy of appropriate portions of the report have been included in Appendix A.

4.1.5 Reference 24 (1977)

Reference 24 is an in-house compliance test performed on a coal-fired,
wet process cement kiln equipped with an ESP. Emissions tests for total
particulate were conducted both upstream and downstream of the ESP utilizing
EPA Method 5 protocol, Twelve test runs were performed of the uncontrolled
emissions from the kiln with an additional six runs conducted of the con-
trolled effluent.
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Results of these tests showed an average uncontrolled emission rate
of 4.57 Mg/hr (5.03 tons/hr) with normal insufflation and 4.79 Mg/hr
(5.27 tons/hr) at elevated insufflation rates. For the controlled emis-
sions, an average emission rate of 13.03 kg/hr (28.70 1b/hr) was obtained
for normal operation with a value of 17.51 kg/hr (38.57 1b/hr) obtained
after upgrading the ESP. Appropriate excerpts from the test report have
been provided in Appendix A.

A review of Reference 24 showed the data to be of good quality but
somewhat lacking in documentation. A detailed description of the process
was not provided which was also the case for calibration of the test equip-
ment. Given the above factors, a rating of B was assigned to the test data
contained in Reference 24.

4.1.6 Reference 25 (1977)

Reference 25 reports the results of in-house compliance tests conducted
on four coal-fired, dry process cement kilns equipped with a combination
multiclone and ESP. The effluent gases from Kiln Nos. 2 and 3 are dis-
charged through the north stack while Kiln Nos. 4 and 5 utilize the south
stack for this purpose. Three test runs for total particulate were con-
ducted on both the north and south stacks using EPA Reference Method 5.

The results of the above tests showed an average ptant emission rate of
10.6 kg/hr (23.4 1b/hr) for all four kilns. The clinker production rate
during these tests was 15.1 Mg/hr (16.6 tons/hr), 14.3 Mg/hr (15.8 tons/hr),
15.7 Mg/hr (17.3 tons/hr), and 16.9 Mg/hr (18.6 tons/hr) for Kiln Nos. 4, 5,
2, and 3, respectively. Applicable portions of the test report have been
provided in Appendix A.

It was found that the test data collected in the above study were ob-
tained using sound methodology and that adequate documentation was provided
in the report. However, since calibration sheets for the test equipment
were not included, a rating of B was assigned to the data contained in Ref-
erence 25.
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4.1.7 Reference 26A/B (1979)

Reference 26A/B is the two volume report of a study conducted by an EPA
contractor of the effectiveness of various combustion modifications as a
means of improving thermal efficiency and controlling emissions in indus-
trial combustion equipment. The program provided for tests on a total of
22 different industrial combustion devices, some of which included analysis
for trace element and organic emissions. Of the 22 devices tested, two were
rotary cement kilns.

The first unit tested (Location 3) was a dry process kiln fired with a
combination of approximately 66% coke and the remainder natural gas. Test-
ing for both total mass emissions and particle size distribution was con-
ducted between the multiclone and baghouse. Total mass emissions were
determined using EPA Reference Method 5 and particle size with a Brink
Model BMS-11 cascade impactor. One Method 5 run (Test 3-2) and one Brink
impactor test (Test 3-3) were conducted during the program with no major
sampling problems noted. A summary of the results obtained for the Loca-
tion 3 kiln is provided in Table 4-8.

The second unit tested (Location 9) was a wet process kiln fired with
natural gas and equipped with an ESP. Two series of tests were conducted
on the Location § kiin. The first series of tests were performed at the
kiTn outlet (inlet to ESP), and thus represent an uncontrolled facility.
The sampling port used for these tests was located in one of two ducts
joining the kiln and ESP. Two Method 5 and two particle size tests were
conducted during the first test series. The first Method 5 and impactor
run (Tests 9-1A&C) were representative of normal kiln operation with the
other two tests (Tests 9-2F&G) performed at reduced excess combustion air.
Procedures and equipment identical to those described above for the Loca-
tion 3 kiln were used in both cases. A summary of the results of these
tests is likewise shown in Table 4-8.
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The second series of tests at the Location 9 kiin (Tests 9-3 to 9-6)
were conducted at both the inlet and outlet of the ESP using the EPA's Source
Assessment Sampling System (SASS) train and a modified Level I/Level II as-
sessment for trace elements and organics. The SASS train consists of a
series of cyclones with nominal cut-points of 10, 3, and 1 umA, respectively.
The results of the tests using the SASS train are shown in Table 4-9.

There were a number of problems noted with the data in Reference 26
for the tests conducted at Location 9. The first major problem involved
the plugging of the Brink impactor during Tests 9-1C and 9-2G and of the
SASS train during Tests 9-3 and 9-4. This plugging occurred as a result of
the extremely high loadings encountered at the kiln outlet which resulted
in termination of each test. Since the SASS train was also relied upon for
determining total mass emissions, these results are, likewise, invalid for
Tests 9-3 and 9-4. In addition, during Test 9-1C the kiln was experiencing
an upset condition. For the reasons stated, the data from Tests 9-1C, 9-2G,
9-3, and 9-4 were determined to be questioﬁab]e and thus not used in the de-
velopment of candidate emission factors, '

The remainder of the test data contained in Reference 26 were found to
be of generally good quality with adequate documentation. The only major
problem found was the fagt that only one test was performed for total mass
and particle size on the Location 3 kiln. For this reason a rating of B was
assigned to Test 3-2 and 3-3 and a rating of A to the remainder of the usable
data in Reference 26. C(Copies of appropriate sections of the two reports are
provided in Appendix A.

4.1.8 Reference 27 (1979)

Reference 27 is a study of the fine particle emissions from a variety
of source categories in the South Coast Air Basin (Los Angeles) of California
as conducted by a contractor to the California Air Resources Board (CARB).
Two of the tests included in this study were of the emissions from a dry
process cement kiln controlled by a baghouse dust collector.
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During the sampling program, tests were run at the outlet of the bag-
house while the kiin was firing coal and while firing natural gas. One test
was performed for each type of fuel. The size distribution of the particu-
late emanating from the kiln baghouse was determined using a SASS train.

The data obtained from the CARB study were entered into the EADS-FPEIS
system from which a printout was obtained. A summary of the data contained
in Reference 27 is provided in Table 4-10 with a copy of the pertinent sec-
tions of the draft report included in Appendix A. Upon checking with the
contractor it was learned that the data for Test Runs 9 and 18 were not
changed in the final report from that included in the draft as shown in
Appendix A.

From an analysis of Reference 27, it was determined that the particle
size measurements were made using sound methodology, and the document does
contain adequate information for validation. However, since only one test
was conducted for each type of fuel, a rating of B was assigned to the data.

4.1.9 Reference 30-(1979)

Reference 30 is the report of a source test conducted on three coal-
fired, dry process cement kilns equipped with suspension preheaters and bag-
house dust collectors. The kiln baghouses were operated under a positive
pressure with the effluent gases vented to the atmosphere through a roof
monitor instead of a stack(s).

Since the above baghouses were not equipped with a stack, standard
source testing procedures were not used. Instead, high volume-type air sam-
plers were installed in three of the six cells of each baghouse to measure
the particulate emission rate from the kilns. A total of three tests were
conducted.on Baghouse Nos. 1 and 3 with two tests conducted on Baghouse
No. 2. The results of these tests are summarized below:
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Total

Particulate
Baghouse/ Run Emission Rate Kiln Feedrate
Kiln No. No. 1b/hr kg/hr tons/hr Mg/hr
1 1 1.9 0.881 36.5 33.1
2 1.02 0.463 39.0 35.4
3 1.24 ¢.563 40.4 36.7
2 2 2.67 1.21 34.8 31.6
3 3.29 1.49 36.1 32.8
3 3 3.50 1.59 40.1 36.4
4 3.37 1.53 - 40.7 36.9
5 3.49 1.58 41.0 37.2

Applicable portions of the test report are provided in Appendix A.

It was determined from an evaluation of the information contained in
Reference 30 that the measurements were conducted using a generally sound
although nonstandard methodology. In addition, certain problems were noted
with calibration of the sampling equipment used. Based on these factors, a
rating of C was assigned to the data contained in Reference 30.

4.1.10 Reference 31 {1979)

Reference 31 is an internal report of source tests conducted on four
coal-fired, dry process kilns Tocated at a plant in Virginia. Three of the
kilns (Nos. 1, 3, and 4) were equipped with a cooling/conditioning tower,
multiple cyclone dust collector, and electrostatic precipitator connected
in series. The fifth kiin (No. 5) was equipped with a Lepol preheater/
pelletizer and double chamber ESP.

A minimum of six test runs were conducted on each kiln stack utilizing
EPA Method 5. For the No. 5 kiln, testing was performed both with and with-
out flue gas being bypassed to a raw grinding mill circuit(s). Results of
these tests are summarized below:
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Total

' - Particulate Average Clinker
Kiln Stack Emission Rate Production Rate
No.* 1b/hr kg/hr tons/hr Mg/hr
1 28.4 - 12.9 14.1 12.8
3 23.6 10.7 14.4 13.1
4 28.9 13.1 19.0 17.2
5a 38.4 17.4 64 58
5b 20.3 9,2 b6 60
5¢ 12.2 5.54 &7 6l

¥ Ba = No gas bypass; 5b = Gas bypassed to one raw
mill; 5c = Gas bypassed to two raw mills.

Inlet tests were also conducted during the sampling program on the Kiln
No. 5 ESP, but the data were deleted from consideration due to lack of ade-
quate documentation. Appropriate excerpts from the test report have been
included in Appendix A. '

Upon review of the stack data contained in Reference 31, it was deter-
mined that the tests were conducted using a generally sound methodology.
However, some of the raw data sheets for the Ko. 5 kiln tests were found to
be missing from the report. Also, no calibration data were included for the
stack testing equipment. Based on these deficiencies, a rating of B was
assigned to these data.

4,1.11 Reference 32 (1980)

Reference 32 is a source test conducted of the effluent from a gravel
bed filter controlling the emissions from three grate-type clinker coolers.
Three EPA Method 5 tests were performed during the study. Results of these
tests were 6.72 kg/hr (14.8 1b/hr), 6.17 kg/hr (13.6 1b/hr), and 5.86 kg/hr
(12.9 1b/hr), respectively, for an average clinker feedrate of 76.0 Mg/hr
(83.8 tons/hr). Applicable portions of the test report are providéd in
Appendix A,
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' It was determined that the data contained in Reference 32 were of good .
quality and the tests were well documented. Therefore, a rating of A was
assigned to the results of the above tests.

4.1.12 Reference 33 (1980)

Reference 33 is a companion study to that described in Reference 32
above. Three EPA Method 5 tests were performed of the emissions from a
coal-fired, dry process kiln equipped with cyclones and baghouse dust col-
lector. Results of these tests indicated controlled emissfon rates of 3.1,
3.0, and 2.8 kg/hr (6.9, 6.6, and 6.1 1b/hr), respectively, at an average
clinker production rate of 30.0 Mg/hr (33.1 tons/hr). Excerpts from the
test report are provided in Appendix A. '

Upon evaluation of the information contained in Reference 33, it was
determined that the test protocol was sound_and adequate documentation was
provided. Using the criteria developed by 0AQPS, a rating of A was assigned
to the test data included in Reference 33.

4.1.13 Reference 36 (1980)

Reference 36 is the report of a source test conducted of the controlled
emissions from a clinker cooler equipped with a baghouse. Three tests were
performed of the emissions from the cooler baghouse using EPA Method 5.
Results of these tests indicated an average particulate emission rate of
0.0499 kg/Mg of feed (0.0997 1b/ton of feed). Appropriate portions of the
test report are included in Appendix A.

It was determined from a review of Reference 36 that the tests were
probably performed using a sound technical approach. However, a thorough
evaluation could not be performed due to the lack of adequate documentation
with regard to the process tested, throughput rates, calibration of the
test equipment, etc. Also, it was inferred from information contained in
-the report that EPA Method 5 protocol was used, although this fact was never
clearly stated. For the above reasons, a rating of D was assigned to the
test data included in Reference 36.
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4.1.14 Reference 39 (1981)

Reference 39 provides the results of source tests performed on two

coal-fired, wet process kilns equipped with ESPs.
were conducted on each ESP stack for a total of six test runs.

Three EPA Method 5 tests
Results of

these tests showed an average particulate emission rate of 8.322 kg/hr
(18.33 1b/hr) and 7.90 kg/hr (17.4 1b/hr) for Kiln Nos. 1 and 2, respec-

tively.

Excerpts from the test report are shown in Appendix A.

It was determined that the tests reported in Reference 39 were gen-

erally of good quality.

However, documentation of process data on clinker

production (or an appropriate conversion factor to calculate such) was lack-

ing.
sion factors from the available data.

Assumptions had to be made, therefore, to calculate appropriate emis~

For the above reason, a rating of €

was assigned to the test data in Reference 39.

4.1.15 Reference 40 (1981)

Reference 40 is the report of a source test conducted at a cement plant

located in Kansas.
wet process kilns.

Testing was performed on a total of four coal-fired,
Three of the kilns were controlled by a common ESP (No. 2

stack) with the fourth kiln being equipped with a separate ESP {No. 4 stack).

Eight test runs were conducted on the No. 4 stack with an additional

16 runs performed on the No. 2 stack using EPA Method 5.

Inlet samples were

also collected upstream of the No. 4 precipitator using ASTM Power Test

Code 27.
the Nos.
since no control device was specified.

1 and 4 clinker cooler stack.

during the study are summarized below:

Finally, six Method 5 tests were performed of the emissions from

These data were deleted, however,
Resutts of the kiln tests performed

Average Total

Particulate Emission Rate

Test Location (1b/hr) (kg/hr)
No. 4 ESP inlet 2,202 999.7
No. 4 stack 23.4 10.6
No. 2 stack 25.2 11.4




It was determined that the data contained in Reference 40 were of rea-
sonably good quality but suffered from a lack of adequate documentation.
Also, no raw test data were included in the report which prevented valida-
tion of the sampling results. A rating of C was, therefore, assigned to the
test data in Reference 40,

4,1.16 Reference 42 (1983)

Reference 42 is a study conducted under the IP program of the emissions
from a dry process cement kiln equipped with suspension preheater and bag-
house collector (10-cell). The kiln was fired with solid fuel consisting
of a combination of coal and coke. This particular kiln is somewhat unique -
in that the flue gas temperature to the main baghouse (10-cell) is controlled
with a by-pass system containing water sprays and its own separate 3-cell
baghouse collector. Effluent gas from the by-pass system is vented to the
atmosphere through a common stack with the main particulate control device.
Testing was conducted only at the inlet to the main (10-cell) baghouse and
in the stack. A separate velocity traverse was performed in the inlet duct
of the by-pass system baghouse such that the total uncontrolled emissions
from the kiln could be calculated.

. The general sampling protocol used in this study was that developed
for the IP program. At the inlet, the total uncontrolled emissions from
the process were determined utilizing EPA Method 5. The particle size dis-
tribution was obtained from samples collected by an Andersen High Capacity
Stack Sampler (HCSS) equipped with a Sierra Instruments 15-pmA preseparator.
Two Method 5 and four particlie size tests were conducted at each of four
sampling quadrants for a total of 8 and 16, respectively.

At the outlet of the baghouse, the total mass emissions (controlled)
from the kiln were determined utilizing proposed EPA Method 17, with two
tests being conducted at each of four sampling quadrants. The particle
size distribution was likewise obtained using an Andersen Mark III cascade
impactor ipd Sierra Instruments 15 pmA preseparator. A total of eight
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total mass and eight paftic1e size tests were performed.at the bagﬁouse
outlet.

Tables 4-11 -and 4-12 provide a summary of the results of this study
with appiicable portions of the document included in Appendix A. Since the
“tests in Reference 42 were conducted according to the protocol developed
for the IP program and are well documented, a rating of A was assigned to
the data. '

4.1.17 Reference 43 (1983)

Reference 43 is the report of a compliance test conducted at a cement
ptant located in Iowa. Tests were conducted of the controlled emissions
from a coal-fired, dry process kiln equipped with an ESP and baghouse con-
nected in parallel. Additicnal tests were also performed of the total emis-
sions from a ciinker cooler equipped with a baghouse dust colliector. Be-
cause the emissions from the kiln were controlled by both an ESP and a
baghouse, coupled with the fact that the test locations were not clearly de-
fined, the data from the kiln tests were determined to be unsuitable for the
development of consistent emission factors. Thus, these data were deleted
from further consideration.

For the clinker cooler, three test runs were performed of the total
mass emissions from the baghouse using EPA Method 5. Results of these tests
were 1.2, 0.45, and 0.45 kg/hr (2.7, 1.0, and 1.0 1b/hr), respectively.
Appropriate portions of the test report have been included in Appendix A.

It was determined that the tests reported in Reference 43 were conducted
using sound methodology and that adequate documentation was provided. There-

fore, a rating of A was assigned to the test data.

4.1.18 References 44 and 45 (1983)

Reference 44 provides the results of an annual compliance test conducted
on a coal-fired, dry process kiln equipped with a suspension preheater/flash
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calciner énd baghouse dust collector. Other sources tested were an unspeci-
fied crusher equipped with a baghouse and Fuller grate-type clinker cooler
also equipped with a baghouse. Since no process description was provided in
the test report itself, a technical paper (Reference 45) was used to derive
this information.

During sampiing, three tesi runs were performed of the emissions from
each of the above baghouses using EPA Reference Method 5 (including impinger
catch). Since the type of crusher and material being processed was not
specified, these particular data were deleted from consideration. Other-
wise, the results of the tests indicated an average total mass emission rate
of 0.04 kg/Mg (0.07 1b/ton) and 0.02 kg/Mg (0.04 1b/ton) for the kiln and
cooler, respectively. Applicable portions of the test repert have been in-
cluded in Appendix A.

Based on a review of the information contained in Reference 44, it was
determined that the tests were conducted using standard EPA protocol with
the exception that the impinger catch was used to calculate the emission
rates. In addition, certain of the kiln tests showed negative net filter
weights obtained during gravimetric analyses. The above factors, coupled
with the fact that adequate process data (or description) was not included
in the test report, resulted in a rating of C being assigned to the test
data contained in Reference 44.

4.1.19 Reference 46 (1983)

Another reference used in the development of candidate emission factors
is a study conducted under the IP program of a wet process cement kiln
equipped with an ESP. The kiln was fired with pulverized coal with preheat
supplied by a grate-type clinker cooler. A certain portion of the dust col-
lected in the first two fields of the ESP is insufflated back to the kiln
for reprocessing. Testing was conducted at both the inlet and outiet of the.

precipitator to characterize the uncontrolled and controlled emissions from
the process.
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Like Reference 42 above, the general sampling protocol used in this
study was that developed for the IP program.®® At the inlet, the total
uncontrolled emissions from the process were determined utilizing EPA
Method 5. The particle size distribution was obtained from samples col-
lected by an Andersen High Capacity Stack Sampler eguipped with a Sierra
Instruments 15-umA preseparator. Two Method 5 and four particle size tests
were conducted at each of four sampling quadrants for a total of eight and
16 test runs, respectively. '

At the outlet of the ESP, the total mass emissions {controlled) from
the kiln were determined utilizing proposed EPA Method 17, with. two tests
.being conducted at each of four sampling quadrants. The particle size dis-
tribution was obtained using an Andersen Mark III cascade impactor and Sierra
Instruments 15-umA preseparator. A total of eight tests were performed for
both total mass and particle size at the outlet of the ESP during the sam-
pling program. '

The only problem noted with the above study were difficulties in sample
collection caused by a layer of dust which had deposited in the bottom of
the ductwork at the inlet to the ESP. To prevent contamination of the sam-
pling probe during entry and withdrawal from the duct, a steel sleeve was
inserted through the test ports. However, the dust deposit inhibited the
accurate measurement of gas velocity at this sampling iocation. To accommo-
date the portion of the duct containing the dust layer, the sampling points
were moved farther into the unobstructed part of the duct where testing was
finally conducted. It is not known exactly how these various factors influ-
enced the test results, but it is suspected that the data does contain a
positive bias which is reflected in the unusually high uncontrolled emission
factor obtained for total particulate emissions.

Tables 4-13 and 4-14 provide a summary of the results of this study
with applicable portions of the document included in Appendix C. Since the
tests in Reference 46 were conducted according to the protocol developed
for the IP program and are well documented, a rating of A was assigned to
the outlet data and a rating of B to the inlet data included in the test
report.
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4.1.20 Reference 48 (1983)

Reference 48 is a source emissions survey conducted at a plant located
in Texas. Testing was conducted on two coal-fired cement kilns equipped
with a baghouse dust collector(s). Additional tests were also performed on
a clinker cooler with the emissions controlled by a gravel bed filter.
Since the type of cement manufacturing process was not specified in the re-
pori, the kilin data could not be used in the development of candidate emis-
sion factors. Therefore, only the data from the clinker cooler will be
addressed.

Three tests were conducted of the total particulate emissions from the
¢linker cooler stack using EPA Method 5. Results of the tests showed emis-
~sion rates of 3.5, 3.0, and 1.7 kg/hr (7.7, 6.6, and 3.8 1b/hr) for the
three runs, respectively. Portions of the test report have been included
in Appendix A for reference purposes.

Upon review of the cooler test data contained in Reference 48, it was
determined that the sampling methodology was sound. However, documentation
regarding the process and its operation during testing was somewhat lacking.
Therefore, a rating of B was assigned to the cooler emissions data in Ref-
erence 48.

4,1.21 Reference 50 (1984)

Reference 50 is the report of another annual compliance test of the
same plant and sources described in Reference 44 above. Again, only the
emissions data from the kiln and cooler were found to be appropriate for
the development of candidate emission factors.

As with the previous study, three EPA Method 5 tests were conducted on
each source which included the impinger catch. Results of these tests showed
an average controlled emission rate of 0.02 kg/Mg (0.04 1b/ton) for the kiln
and 0.0040 kg/Mg (0.0079 1b/ton) for the clinker cooler. Excerpts from the
test report are provided in Appendix a.
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The above tests were conducted by the same contractor.and with similar
documentation to that found in Reference 44 above. However, in this case,
no negative filter weights were reported. Thus, a rating of B was assigned
to the test data contained in Reference 50.

4.1.22 Reference 51 (1984)

Reference 51 reports the results of compliance tests conducted of the
emissions from a Loesche {raw grinding) mill, grate-type clinker cooler,
"and coal-fired, dry process cement kiln at a plant located in Alabama. The
emissions from the mill and kiln were controlled by a common ESP (kiln off-
gas could be routed through the mill to the ESP or the mill could be by-
passed). The cooler was equipped with a combination cyclone and gravel bed
filter for the control of particulate emissions. Due to certain discrepan-
cies found in the test data for the kiln with ("miil on") and without the
mill in operation {"mill off"), only the "mill off" tests performed on the
“"main stack" were used to determine the emissions from the kiln itself.

A totél of four tests were conducted on the main kiln stack with an
additional three tests performed of the controlled emissions from the clinker
cooler. A1l tests were run using standard EPA Method 5 protocol. Results
of these tests are summarized below:

Total

Particulate

Run Sampling Emission Rate
No. Location kg/hr tb/br
2 Main stack* 11.17 24,61
3 Main stack* 11.53 25.490
4 Main stack* 7.600 16.74
5. Main stack* 7.110 15.66
B Cooler stack 33.53 73.85
9 Cooler stack 17.67 38.92
10 Cooler stack 22.65 49.90

¥ [oesche mili off.
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Copies of appropriate portions of the test report are included in Abpen-
dix A.

It was determined from a thorough review of Reference 51 that certain
portions of the report were missing. This made calculation of applicable
emission factors from the data much more difficult but not impossible. How-
ever, from the information that was available, aiil indications are that the
tests were sound and adequately documented. For these reasons, a rating of
B was assigned to the test results included in Reference 5I1.

4.1.23 Reference 52 (1984)

This reference document is the report of a particulate comp]ianée test
conducted of the emissions from a coal-fired, wet process kiln equipped with
an ESP. Three tests were performed of the emissions from the kiln down-
stream of the ESP using EPA Method 5 protocol. Results of these tests indi-
cated an average total mass emission rate of 4.4 kg/hr (9.7 1b/hr) for the
three runs. Appropriate portions of the test report can be found in Appen-
dix A.

It was determined from the information contained in Reference 52 that
sound technical methodology was used and the test data were adequately docu-
mented. However, the major ﬁroblem noted was the fact that the kiln feed-
rate was expressed in terms of gallons per minute without a conversion fac-
tor to mass per unit time. Assumptions had to be made, therefore, in the
emission factor calculations based on the rated daily production rate for
the kiln. For this reason, a rating of C was assigned to the test results
provided in Reference 52.

4.1.24 Reference 53 (1985)

Reference 53 reports the results of the 1985 annual compliance tests
conducted by the same contractor, on the same sources, at the same plant as
that discussed above for References 44 and 50. As with the other tests, EPA
Method 5 protocol (with impinger catch) was used to sample the emissions
from the kiln, crusher, and clinker cooler baghouses. Results of these
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tests indicated controlled emission rates of 0.01 kg/Mg (0.02 1b/tor) and
0.00995 kg/Mg (0.0199 1b/ton) for the kiln and clinker cooler, respectively.
Excerpts from the test report are shown in Appendix A.

As was the case for the other two reference documents discussed previ-
ously, the tests reported in Reference 53 were found to be generally sound
but with some deficiencies with regard to documentation of the processes
tested and their operation during the study period. For these reasons, a
rating of B was assigned to the test data.

4.1.25 Reference 54 (1985)

The fina]ireferehce document used to develop candidate particulate
emission factors for the cement industry is a compliance test of a coal-
fired, wet process kiln equipped with an ESP. Three EPA Method 5 tests were

Py -

nducted th stack which vesuited in an average emissjon rate of

-~ -~ - -
WViiddL wou il vt L.J

'9.03 kg/hr (19.90 1b/hr). Apﬁropriate portions of the test report are
included in Appendix A. '

n
r

“Upon review of the information contained in Reference 54, it was de-
termined that the tests were performed using sound methodology and were
- reasonably well documented. However, like many reports of this type, docu-
mentation of the process and its operation during testing was minimal. For
this reason, a rating of D was assigned to the data provided in Reference 54.

4,2 RESULTS OF DATA ANALYSIS

4.2.1 Total Mass Emissions Data

Both uncontrolled and controlled particulate emission factors were
determined from the data contained in each-of the reference documents de-
scribed above. In the case of uncontrolled emissions, only References 21,
24, 26, 40, 42, and 46 contained useful data. For References 21, 24, 26,
and 40, the emission factors were determined from the raw test data by hand
calculation. A copy of these calculations and any assumptions made are
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shown in Appendix B. For the sake of_consistency, all calculations were
performed in terms of cement produced.

With regard to References 42 and 46, appropriate uncontrolled emission
factors were extracted directly from the test reports (after conversion to
metric units). A summary of the available uncontrolled emission factors for
total particulate matier as determined from the varicus reference documents

is shown in Table 4-15.

For controlled processes, a procedure similar to that described above
for determining uncontrolled emission factors was used. References 10
through 18, 21, 24, 25, 26A/B, 27, 30, 31, 32, 33, 36, 39, 40, 42, 43,
44/45, 46, 48, 50, 51, 52, 53, and 54 contained useful data. Except for
References 27, 42, and 46, the controlled emission factors were calculated
by hand from either emission factors expressed in terms other than mass of
pollutant per metric ton of cement produced or from the raw test data.
These calculations are shown in Appendix ¢ for controlled cement kiins and
Appendix D for other controlled emission sources. A complete summary of all
available controlled emission factors for total particulate matter is shown
in Table 4-16 in terms of mass of particulate matter per mass of cement or
clinker produced. All hand calculations were verified by a second analyst
for quality assurance purposes.

4.2.2 Particle Size Data

Each of the specific data sets described above were processed through
the appropriate computer program (described in Section 3.0) to obtain both
the particle size distribution and size-specific emission factors (where
available) for selected particle diameters. Copies of the individual com-
puter printouts have been included in Appendix E with the results of the
computer analyses summarized in Tables 4-17 through 4-25 in terms of cement
produced. Any calculations needed to convert the raw data to the proper
format for input to the computer were conducted manually and are also in-
cluded in Appendix E.
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TABLE 4-15. SUMMARY OF UNCONTROLLED TOTAL PARTICULATE EMISSION FACTORS FOR
CEMENT PLANTS

Average total particg]ate
emission factor

Ref. Raw data a <
Source type Fuel type No. table Nos. kg/Mg cement  kg/Mg clinker
Wet process kilns Gas ZGA/B 4-8 60 63
" Coal 24 d 65 68
40 d 62e 65
46 4-24 600 630
Dry process kiln Coal/coke, 42 ‘ 4-22 120® 140
Clinker cooler - 21 4-3 and 4-4 4.4 4.6
4 Table number(s) from which the original emission factor was reproduced.
b Total mass emission factor calculated in terms of either kg of pollutant per
Mg of cement or clinker produced. Rounded to two significant figures. ‘
€. Calculated from the emission factors in previous column assuming 5% (wt.) gypsum
in finished cement.
d Emission factors derived by hand calculation from the raw test data (see Appen-
dix B}. For Reference 24, the raw data were taken from Tables II and III,
pages 5 and 6 of the test report. For Reference 40, the raw data was taken from
Tables T-1-A and T-4, pages 16 and 20 of the test report.
. .

Individual emission factors included in average consists of the arithmetic mean
of four separate test runs (i.e., one run/quadrant at four quadrants) making up
a single test.
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TABLE 4-1B. CALCULATED PMTICLE SIZE DISTRIBUTIONS AND UNCONTROLLED EMISSION FACTORS
FOR REFERENCE 21

Data Rating: €

. Cumylative emission factor d
Lunulative mass X equal to or less than stated size (kg/Mg)
equal to or Jess than stated size® Total mass
Type of Test Test b 2.5 5.0 10.0 i5.0  20.0 2.5 ° 5.0 10.0 15.0 20.0 omissione
impactor dgate ID Mo, pmh HmA HmA MmA pmA  umA A pmh HmA HmA factor
Andersen 8/27 1320 0.937 2.46 10.0 22.1 340 0.042 0.10 0.44 0.98 1.5 4.4
8/28 0950 0.331 0.902 6.87 19.2 32.4 0.015 0.040 0.30 0.85 1.4 4.4
1105 0.274 0.740 6.27 8.5 32.0 0.012 0.033 0.28 0.82 1.4 4.4
1440 1.08 1.86 8.43 20.1 32.2 0.048 0.082 0.37 0.89 1.4 4.4
8/29 101% 0.563 1.32 7.80 19.9  32.5 0.02% 0.058 0.35 0.88 1.4 4.4
1400 0.452 1,53 9.00 21.5 339 0.020 0.068 0.40 0.95 1.5 4.4
11/4'r 1100 0.373  1.59 12.8 31.2 47.4 0.017 0.070 0.57 1.4 2.1 4.4
11/5f 1430 0.620 1.04 9.53 21.9 3.0 0.027 0.081 0.42 0.97 1.5 4.4
1435 0.540 1.65 9.11 21.5 33.8 0.024 0.073 0.40 0.95 1.5 4.4
0935 0.479 1.27 7.41 1.3 32.0 0.021 0.056 0.33 0.85 1.4 4.4
0930 0.249 1.19 8.65 21.6 M. 4 0.011 0.053 0.38 0.9% 1.5 4.4
1415 0.524 1.12 7.31 19.4  32.3 0.023 0.050 0.32 0.86 1.4 4.4
1415 0.642 1.42 7.96 20.0 32.5 0.028 0.063 0.35 0.88 1.4 4.4
Ari;?metic Dean 0.54 1.5 8.6 21 kL 0.024 0.064 0.38 0.94 1.5 -
(x
Geometric mean 0.50 1.4 8.4 21 34 0.022 0.061 0.37 0.93 1.5 -
(x_)
g
Standard devia- 0.24 0.45 1.7 3.2 4.1 0.011 0.018 0.074 0.15 0.18 -
tion (o)
Standard geometric 1.5 1.4 1.2 1.1 1.1 1.5 1.4 1.2 1.1 1.1 -

deviation (ag)

From computer printouts included in Appendix E. Brink impactor data not used.

® Measured at inlet of a gravel bed %iltcr (Rexnord) used to control emissions from & clinker cooler.

€ Asrodynamic diameter,

a4 Kilograms of particulate matter per Mg (10% g) of cement produced. Reduced to two significant figures.
® From Table 4-3. '

¢

No Method 5 dats svailable for these tests. Cumulative emission factors calculated from particle size data (AppendixE)
assuming 2 tota) mass emission factor of 4.42 kg/Mg as determined during the August test series (see Table 4-4}.

4-43




TABLE 4~19. CALCULATED PKRHCLE S11E DISTRIBUTIONS AND CONTROLLED EMISSION FACTORS
FOR REFERENCE 21

Cumutative emission factor

Cumulative mass X equal t.E equal to or less than stated size (kg/l-lg,Ld
or less than staled size Total wass
Test b % . 10, 15%.0 0. 2.5 50 10.0 15.0 20.0 eaissiog
Test date 1D Mo, pPmA [T "] pmA pmA umA HmA A pmA A pmA factor
B/25 1440 3.4 60,1 77.2 89.7 96,1  0.04% 0.08% 0.11 0.1 0.14 0.14
1440 37,1 5.0 63.6 83.2 94.8 0.053 0.080 0.090 0.12 0.4 0.14
8/26 1119 1.1  66.3° 837 91.0 95.0 0.044 0.094 0.12 0.13 0.14 0.14
1124 25.% 59.2 7B.9 87.7 92.7 0.0 0.084 0.11 0.13 0.13 0.14
- 1518 8.6 632 753 81.0 84.9 D0.D%% 0.090 0.11 0.12 0.12 0.14
1515 28.0 53.4 68.9 76.8 81.9 0.040 0.076 0.10 0.11 0.12 0.14
8/27 1100 25.7 52.0 64,9 73:6 79.3 0.037 0.074 0.092 0.10 0.11 0.14
1150 29.% 52,9 69.2 83.0 91.1 0.042 0.07% 0.098 0.12 0.13 0.14
1515 35.6 59.0 72.9 B1. & 86.7 0051 0.084 0.10 0.12 0.12 0. 14
1515 29.3 54.% 65.5 72.1 76.7 0.042 0.078 0.093 0.10 0.11 0.14
a/2a 1045 29.2 S57.6 70.3 78.13 83.4 0,042 0. 082 0.10 0.11 0.12 0.14
1045 29.8 53.4 68.9 16.1 80.9 0.042 0.076 0.098 0.11 0.12 0.14
1415 9.9 6L.3 734 80.0 B4.)  D.057 0.087 0.10 0.11 0.12 0.14
1415 40.1 62.6 75.3 84.8 0.5 0.057 0.089 0.10 0.12 0.13 0.14
8/29 1000 0.9 537 640 74.4 Ta.a 0.0%4 0.076 0.097 0.11 0.11 0.14
1000 36.4 65,2 76.3 82.2 86.0 0.0%52 d.093 0.11 0.12 0.12 0.14
1400 41.¢ 6&4.Q 15.¢ 25,1 91.1  0.068 0.091 0.11 0.12 0.13 0. 14
1400 31.4 57.3 7.0 78.) B82.4 0.045 0.081 0.10 0.11 0.12 .14
1173 1545' 51.0 937 95.6 97.6 98 F 0.072 0.113 0.14 0.14 0.14 0.14
11/4 11301; 79.9  92.3  95.7 91.5 98.5 0.11 .13 0.14 [ 1] 0.14 0.14
1130 76.0 94,5 98.3) 100.0 100.0 0.11 0.13 0.14 0.14 0.14 0.14
11/5 0945: 64.4 B8D.9 B7.8 92.5 95.1  0.092 0.12 0.13 0.1 0.14 0.14
0945 56.4 64,4 4.4 81.9 86,4 0,082 0.0%2 0.11 g9.12 0.12 G.14
Average? . 40 64 76 84 85 0.0 0091 011 012 0.1 -
% From computer printouts included in Appendix E.
b Measured at outlet of a gravel bed Filter (Rexnord) used to control emissions from a clinker cooler,
c Aerodynamic dizmeter.
d

Kitograms of particulate matter pev Mg (10% g) of cement produced. Reduced to two significant figures.
From Table 4-6.

No Method 5 data available for these tests. Cumulative emission factors calculated from particle size data (Appendix B
assiming a total mass emission factor of 0.132 kg/Wg as deterwined during Lhe August test series (see Table 4-6).

% Two significant figures.
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‘A number of notations should be made regarding the particle size data
shown in Tables 4-17 through 4-25. Fiﬁst,‘on]y data for particles larger
than 2.5 pm (aerodynamic diameter) have been reported even though the spline
equation was asked to predict values below that size range. This particu-
lar lower cut-off was selected since this is the smallest particle-diameter
specified by the EPA. In addition, the size-specific emission factors cal-
culated from the test data have also been reported in each table even though
they may not actually be used in the development of the candidate emission
factors for the process (see Section 4.3 below). In those cases where the
emission factors were not used, the values have been included only for the
sake of information.

Another notion which should be made is in regaﬁd to the data contained
in Tabies 4-17, 4-22, 4-23, 4-24, and 4-25 for References 20, 42, and 46,
respectively. Since the test results have already been analyzed by the
part of the study itself, no further data analyses were conducted. In the
case of Reference 20, the cumulative mass loadings have been repﬁoduced from
the EADS printout and the associated cumulative percentages back-calcuiated
by hand based on these data. For References 42 and 46, the size-specific
emission factors presented in each report have been reproduced from the test
reports in Tables 4-22 through 4-25.

4.3 DEVELOPMENT OF CANDIDATE EMISSION FACTORS

4.3.1 Total Mass Emissions

The most 1dea1'situation for the development of candidate emission
factors would be to have a large number of A-rated data sets from which to
derive such. As shown by the above discussion, such data were not available
for the purpose of this study. In the case of uncontrolled rotary kilns,
data from only four test series (representing two types of fuel) for wet
process ki]hs and one test series for dry process units were found during
the ‘literature search (in addition to that already contained in the original
data base used to develop the existing AP-42 emission factors). It was felt
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that these data did not significantly improve the existing data base, and

. |
thus no change is proposed for those factors already presented in Table 8.6-1
(page 8.6-3) of AP-42 for uncontrolled kilns.

For uncontrolled clinker coolers, the current version of Section 8.6
of AP-42 does not contain a specific emission factor. As stated above, MRI
found only one report which quantifies the uncontroiled emissions from
clinker coolers. In this instance, it was felt that the addition of an un-
controlled emission factor for clinker coolers was justified. This factor
was developed simply by taking an arithmetic mean of the data from the four
Method 5 tests conduéted on the clinker cooler described in Reference 21.

In the case of controlled emissions, the data base developed during
the program is somewhat more extensive. Not all of these data are of the
Highest quality, however, with some sources having only one series of tests
from which to develop an appropriate emission factor. Controlled emission
factors were derived for: wet and dry process kilns; clinker coolers; pri-
mary limestone crushers and screens; secondary limestone crushers and
screens; limestone conveyor transfer; raw mill system; and finish mill sys-
tem. These factors were developed by taking an arithmetic mean of all -
available A~ and B-rated data sets for each specific control device, as
shown previously in Table 4~16. The factors thus obtained are being pro-
posed for inclusion in AP-42. A summary of all candidate .uncontrolied and
controlled emission factors for cement plants according to type of process
and control equipment are shown in Table 4-26.

4.3.2 Size-Specific Emissions

As mentioned above, only limited particle size data were collected dur-
ing the literature search for cement plants consisting of a total of nine
test series. In the case of uncontrolled kilns, one A-rated (Reference 46)
and one C-rated test series (Reference 20) were contained in the information
gathered for wet process kilns with one additional A-rated test series (Ref-
erence 42) obtained for dry process units. For controlled kilns, two A-rated
tests (References 26 and 46) were included in the data base for wet process
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kilns with ESPs, as well as two additional A-rated tests (References 27 and
42) for dry process units with baghouses. Finally, only one C-rated test of
the same clinker cooler (Reference 21) is included in the data base repre-
senting both the uncontrolled emissions from the process, as well as emis-
sions control utilizing a gravel bed filter.

According to the 0AQPS guidelines, A- and B-rated data should not be
combined with €- or D-rated data to develop emission factors for a particu-
lar source, However, in the case of uncontrolled wet prbcess kilns, it
was found necessary to combine B-rated data with C-rated data in order to
improve the overall quality of the emission factor. This was deemed ap-
propriate since it was felt that the <inclusion of the C data would sig-
nificantly enhance the overall applicability of the emission factor to a
greater number of facilities and would not decrease the overall rating of

the emission factor obtained.

To derive each emission factor, the informatisn contained in Tables 4-17
through 4-25 was tabulated according to the type of process and control
equipment, and the arithmetic mean and standard deviation calculated, wher-
ever possible, for each particle size increment. The arithmetic mean was
calculated from the data in each column according to the relationship: |

L ‘ :
2% & |

x|
i

where: arithmetic mean }

number of measurements

=2
H

X. individual measurements

j
The standard deviation was calculated according to the relationship:
1/2

\ X, 2 .
15
o= { n-1 } (2)

where: o = standard deviation with Xs and n as defined as Equation (1)
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The geometric mean and standard deviation were also calculated, with
the standard geometric deviation being indicative of the overall variance
in the data. The geometric mean was calculated from the data in each column
according to the relationship:

- 1 N
Xg = exp ¢ Z n x; (3)
i=1 .
where: ig = geometric mean with X; and n as defined in Equation (1)
The standard geometric deviation was calculated according to the relationship:
n [In x; = Tnx 2 1/2 (4)
o, = ex
g P igl n-1 i
where: 0 = standard geometric deviation with x; and n as defined in

[ g E F Y
= cquatiton (1)

Rather than utilizing the emission factors actually derived from each
study, the candidate emission factor for each size increment was obtained
by applying the particle size distribution from the various data sets to
either the existing uncontrolled AP-42 emission factor (after conversion to .
weight of pollutant/unit weight of clinker instead of cement produced) or to
those emission factors derived during this study (Table 4-26). This approach
was used to take advantage of the generally more extensive data base which
exists for total particulate emissions. It was felt that the emission fac-
tors produced by this technique would be more representative of the total
industry. The results of the above analysis are shown in Table 4-27 through
4-31.

In the case of uncontrolled clinker coolers, the above statistics have
been included in Table 4~18. The reader is directed to that table for the
candidate emission factors for uncontrolled coolers. A summary of the can-
didate emission factors for cement kilns and clinker coolers are shown in
Tables 4-32 and 4-33, respectively, and graphically in Figures 4-1 and 4-2.
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TABLE #-31. CANDIOATE SIZE-SPECIFIC EMISSION FACTORS FOR CLINKER COOLERS
CONTROLLED BY A GRAVEL BED FILVER

Emission Factor Rating: €

Cumulative mass X egual tg Total mass Comulative emission faclor equal to
or less than stated sfze nisﬂon or_less than stated size (kg/Mg)

7.5 L] 0.0 50 20.0 factor . . 0. .0 .

Test ID No. HmA ymA LA, pmA umA (kg/ng) T Ty ymA pma pmA
1440 k) 50 U 50 96 0.16 0.050 0. 096 0.12 g.14 0.15

1440 37 56 64 B3 95 0.18 0.059 . 0% 0.10 4.1 0.1%

1119 3 66 B4 91 95 0.16 0.650 0.11 0.1 0. 1% 0.1%5

1124 26 59 79 .1:] 93 0.16 0.041 0.094 0.13. .14 0.15

1515 39 53 75 a1 a5 0.16 0.062 0.10 0.12 ¢.13 0.14

1515 - 28 53 69 17 82 . 0.16 0.045 0.085 0.11 0.12 0.13

1100 26 52 65 74 79 0.16 0.041 0.083 0.10 0.12 0.13

1150 30 53 &9 a3 91 0.16 0.049 0,085 0.11 0.13 0.15

1515 6 59 n 81 87 0.16 0.058 0.094 0.12 0.13 014

1515 29 55 66 12 77 0.16 0.046 g.088 0.11 0,12 0.12

1045 29 58 70 78 B3 0.16 0.046 0.093 0.11 0.12 0.13

1045- J0 53 69 16 8l 0.16 0. 048 {4.085 0.11 0.12 0.13

1415 40 61 73 80 84 0.16 0.064 1.098 0.12 0.13 0.13

1415 ] 40 63 75 85 ) ) 0.16 {. 064 010 0.12 0,14 0.15

1000 . i1 54 68 L) 79 0.16 0.050 0.086 0.11 0.12 0.12

1000 36 65 76 82 86 0.16 0.058 0.10 0.12 0.13 0.14

1400 18 64 75 8% 91 0.16 0.077 0.10 .12 0.14 0.15

1400 3 57 12 18 82 0.16 0.050 0.091 0.12 0,12 0.13

1545 51 94 96 98 9 0.16 D.082 0.15 9.15 a.16 0.16

1130 80 92 9% 98 99 0.16 0.13 Q.15 0.15 0.16 0.16

1130 76 95 98 100 100 0.16 0.12 0.1% D.16 0.16 0.16

0945 &4 8l 88 93 95 0.16 9.10 0.1] 0.14 0.15 0.15

0945 56 64 74 az 1 @.16 0.090 0.10 0.12 0.13 0.14
Arithmetic mean (x) 40 B4 76 B4 a9 - 0.064 0.1¢ .12 .13 0.14
Geometric mean (;g) 38 63 76 B4 -] - 0.061 0.10 0.12 0.13 0.14
Std. deviation (o) 15 13 9.7 1.8 6.9 - 0.024 0.021 0.015 0.013 0.011

-
—

Std. geometric 147 1.2 1.1 1.1 1.1 - 1.4 1.2 1.1 1.1
deviation (crg)

® Fros Table 4-15. Aerodynamic diameter. HRounded to two significant figures. A1l data from the same test series,

b Kilograms of particulate matter per Mg (10% g) of clinker produced per Teble 4-26 of this report.

© Calculated using Lotal mass emission factor shown in previous column. Rounded to two significant figures,
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TABLE 4-33. SUMMARY OF CANDIDATE EMISSION FACTORS FOR CLINKER COOLERS

Emission Factor Rating: E -

Cumutlative emission factor quai

Cumulative mass % equal t to or less than stated size
Particle or less than stated size o Gravel d
size Gravel bgd Uncontrolled bed filter
(umA)2 Uncontrolled filter kg/Mg  1b/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 0.13 0.10 0.20
10.0 8.6 76 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 4.6 9.2 0.16 6.32
emission
factor
a

Aerodynamic diameter.

b Rounded to two significant figures. From Tables 4-18 and 4-31.

€ unit weight of poliutant per unit weight of clinker produced. Rounded
to twe significant figures.

d From Table 4-31.

e

Converted from unit weight of pollutant per unit weight of cement (from
Table 4-18) to weight/weight of clinker produced assuming 5% gypsum in
finished cement.
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Cumulative Uncontrolled Emission Factor Equal to or Less
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Figure 4-1. Size specific emission factors for cement kilns.
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Cumulative Uncontrolled Emission Factor Equal to or Less

Than Stated Size (kg/Mg Clinker)

10.0

1.0

0.1

0.01

Figure 4-2.

—

10 100

- 1 T TTTIT] T T 17177y 0.0
C ® Uncontrolled Coclers i
L @ Coolers with Grave! Bed Filter -
B “ a
3
- - =
L
- o
— 1.0 2
F — [T W]
— N 5
Q
— - <]
L
"' . c
_ o ©
a
E
- - L
-
2
°
— — 0.1 <«
- . - S
= 07 1S
[ - 2
_ - s
2
p— g E
=2
@ O
- —
t el L3l g g
1.0 10.0 . 100.0

Aerodynamic Particle Diameter (pmA)

Size specific emission factors for clinker coolers.
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4.4 EMISSION FACTOR QUALITY RATING

The quality of. the average emission factors contained in Tables 4-27
through 4-31 were rated utilizing the general criteria established by OAQPS
as outlined in Sectien 3.0. In the case of uncontrolled wet process kilns,
it was found necessary to apply some lower quality particle size data to a
B-rated emission factor. Because of this large difference in data quality,
it became difficult to ascertain what the overall rating‘of the resultant
emission factor should be. Generally, a B-rated emission factor should not
be combined with € or D particle size data. For this reason, a certain
amount of engineering judgment was employed to rate the quality of the emis-
sion factors obtained. Even though the particle size data were sometimes
only marginally acceptable, they were applied to a high quality emission
factor. It would be expected, therefore, that something better than an
order-of-magnitude estimate would be provided by such a procedure. For
this reason, it was determined that a minimum of D would be the most appro-
priate for the resﬂ]ting emission factors where targe differences in data
quality existed.

For the remainder of the candidate emission factors developed in this
study for cement kilns, generally high quality particle size data were ap-
plied to a lower quality total particulate emission factor. Also, the ex-.
isting data base for particle size distribution was found to be extremely
limited in most cases. Therefore, a rating of D was assigned to the re-
sultant size-specific factors for cement kilns. In the case of clinker
coolers, for which the original particle size data were rated C, a rating
of £ was assigned to the size-specific emission factors utilizing the c¢ri-
teria developed by the OAQPS.
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SECTION.5.0
PROPOSED AP-42 SECTION 8.6

The proposed revision to Section 8.6 of AP-42 is presented in the fol-
Towing pages as it would appear in the document.
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8.6 PORTLAND CEMENT MANUFACTURING
8.6.1 Process Descrip:10n1-3

Portiand cement manufacture accounts for about 95 percent of the cement
production in the United States. The more than 30 raw materials used to make
cement may be divided into four basic components: line (calcareous), silica
(siliceous), alumina (argillaceous), and iron (ferriferous). Approximately
1575 kilograms (3500 pounds) of dry raw materials are required to produce 1
metric ton (2200 pounds of cement). Between 45 and 65 percent of raw material
weight is removed as carbon dioxide and water vapor. As shown in Figure 8.6-1,
the raw materials undergo separate crushing after the quarrying operation, and,
when needed for processing, are proportioned, ground and blended by either a
dry or wet process. One barrel of cement weighs 171 kilograms (376 pounds),

In the dry process, moisture content of the raw material 1s reduced to less
than 1 percent, either before or during grinding. The dried materials are then
pulverized and fed directly into a rotary kiln. The kiln is a long steel cylin-
der with a refractory brick lining. It i3 slightly inclined, rotating about
the longitudinal axis, The pulverized raw materials are fed intc the upper end,
traveling slowly to the lower end. Kilns are fired from the lower end, so that
the rising hot gases pass through the raw material. Drying, decarbonating and
calcining are accomplished as the material travels through the heated kiln and
finally burns to incipient fusion and forms the clinker. The clinker is cooled,
mixed with about 5 weight percent gypsum and ground to the desired fineness.

The product, cement, is then stored for later packaging and shipment.

Wieh the wet process, a slurry is made by adding water to the initial
grinding operation. Proportioning may take place before or after the grinding
step, After the materials are mixed, excess water 1s removed and final adjust-
ments are made to obtain a desired composition, This final homogeneous mixture
is fed to the kilns as a slurry of 30 to 40 percent moisture or as a wet fil-
trate of about 20 percent moisture. The burning, cooling, addition of gypsum,
and storage are then carried out, as in the dry process,

The trend in the Portland cement industry is toward the use of the dry
process of clinker production. Eighty percent of the kilns built since 1971
use the dry process, compared to 46 percent of earlier kilns. Dry process kilns
that have become subject to new source performance standards (NSPS) since 1979
commonly are either preheater or preheater/precalciner systems. Both systems
allow the sensible heat in kiln exhast gases to heat, and partially to calcine,
the raw feed before it enters the kiln,

Addition of a preheater to a dry process kiln permits use of a kiln one
half to two thirds shorter tharn those without a preheater, because heat transfer
to the dry feed 1s more efficient in a preheater than in the preheating zone of
the kiln.# Also, because of the increased heat transfer efficiency, a preheater
kiln system requires less energy than either a wet kiln or a dry kiln without a
preheater to achieve the same amount of calcination. Wet raw feed (of 20 to 40
percent moisture) requires a longer residence time for preheating, which is
best provided in the kiln itself, Therefore, wet process plants do not use

10/86 Mineral Products Industry 8.6-1
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preheater systems. A dry process kiln with a preheater system can use 50
percent less fuel than a wet process kiln.

8.6.2 Emissions And Controlgl=2,5

Particulate matter is the primary emission in the manufacture of Portiand
cement, Emissions also include the normal combustion products of the fuel used
for heat in the kiln and in drying operations, including oxides of nitrogen and
smali amounts of oxides of al.uxur.

Sources of dust at cement plants are 1) quarrying and crushing, 2) raw

" material storage, 3) grinding and blending (dry process only), 4) clinker pro-
duction and cooling, 5) finish grinding, and 6) packaging. The largest single
point of emissions 1is the kiln, which may be considered to have three units,
the feed system, the fuel firing system, and the clinker cooling and handling
system, The most desirable method of disposing of the dust collected by an
emissions control system is injection into the kiln burning zone for inclusion
in the clinker, If the alkali content of the raw materials is too high, how-
ever, some of the dust is discarded or treated before its return to the kiln.
The maximum alkall coatent of dust that can be recycled is 0.6 percent (calcu-
lated as sodium oxide). Additional sources of dust emissions are quarrying,
raw material and clinker storage piles, conveyors, storage silos, loading/
unloading facilities, and paved/unpaved roads.

The complications of kiln burning and the large volumes of material handled
have led to the use of many control systems for dust collection. The cement
industry generally uses mechanical collectors, electric precipitators, fabric
filter (baghouse) collectors, or combinations of these to control emissions.

To avold excessive alkali and sulfur buildup in the raw feed, some systems
have an alkali bypass exhaust gas system added between the kiln and the preheat-
ar, Some of the kiln exhaust gages are ducted to the alkali bypass before the
preheater, thus reducing the alkali fraction passing through the feed. Particu-
late emissions from the bypass are collected by a separate control device.

Tables 8.6-1 through 8.6-4 give emission factors for cement manufacturing,
including factors based on particle size. Size distributions for particulate
emissions from controlled and uncoantrolled kilns and clinker coolers are also
shown in Figures 8.6-2 and 8.6-3.

Sulfur dioxide (507) may come from sulfur compounds in the ores and in the
fuel combusted. The sulfur content of both will vary from plant to plant and
from region to region, Information on the efficacy of particulate coatrol
devices on S0; emissions from cement kilns is incoaclusive. This is because of
variability of factors such as feed sulfur coantent, temperature, moisture, and
feed chemical composition. Control extent will vary, of course, according to
the alkali and sulfur coantent of the raw materials and fuel.b

Nitrogen oxides (NO,) are also formed during fuel combustion in rotary
cement kilns., The NOy emissions result from the oxidation of nitrogen in the
fuel (fuel NOy) as well as in incoming combustion air (thermal NOy). The quan-
tity of NOx formed depends on the type of fuel, its nitrogen content, combustion
temperature, etc. Like SO, a certain portion of the NO; reacts with the alka-
line cement and thus is removed from the gas stream.

10/86 Mineral Prodycts Industry 8.6-3
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TABLE 8.6-~2. CONTROLLED PARTICULATE EMISSION FACTORS FOR
CEMENT MANUFACTURING?3

Type , Control __Particulate ' Emission

of technology kg/Mg 1b/ton Factor
source : clinker .clinker Rating
Wet process kiln Baghouse 0.57 1.1 c
ESP 0.39 0.78 c
Dry process kiln ‘ Multiclone 130b 2600 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
screent Baghouse 0.00011 0.00022 D
Secondary limestone
screen and crusher® Baghouse 0.00016 0.00032 D
Conveyor transferc 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

8Reference 8, Expressed as kg particulate/Mg (1lb particulate/ton) of clinker
proeduced, except as noted, ESP = electrostatic precipitator.

bBased 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.

dIncludes 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.
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TABLE 8.6-4. SIZE SPECIFIC EMISSICON FACTORS FOR
CLINKER COOLERS®

EMISSION FACTOR RATING: E

Particle Cumulative mass I Cumulative emiasion factor
sized < stated sizeC < stated sized
{um) lincontrolled Gravel bed filter Uncontrolled Gravel bed filter

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

2.5 0.54 40 ¢.025 0.050 0.064 0.13
5.0 1.5 64 0.067 g.13 .10 0.20
10.0 B.6 76. 0.40 0.80 0.12 Q.24
15.0 21 : 84 0.99 2.0 0.13 0.26
20.0 34 a9 1.6 3.2 0.1l4 0,28
Total mass emission factor 4.6% 9.2¢ 0.16f  o0.32f

dReference 8.

bAerodynanic diameter

tRounded to two significant figures.

dynit veight of pollutant/unit weight of clinker
produced. Rounded to two significant figures.
€Prom Table 8.6~1.

fProm Table 8.6-2.

References for Section 8.6

l. T. E. Kreichelt, et al,, Atmospheric Emissions from the Manufacture of
Portland Cement, 999-AP-17, U. S. Environmental Protection Agency,
Cincinnati, OH, 1967.

2. Background Information For Proposed New Source Performance Standards:
Portland Cement Plants, APTD~0711, U. S. Environmental Protection Agency,
Research Triangle Park, NC, August 1971.

3. A Study of the Cement Industry in the State of Missouri, Resources Research,
Inc,, Reston, VA, December 1967.

4. Portland Cement Plants - Background Information for Proposed Revisions
to Standards, EPA-450/3-85-003a, U. S. Environmental Protection Agency,
Research Triangle Park, NC, May 1985.

5. Standards of Performance for New Stationary Sources, 36 FR 28476,

December 23, 1971.

6. Particulate Pollutant System Study, Volume I, APTD 0743, U. S. Environ-
mental Protection Agency, Research Triangle Park, NC, May 1971.

10/86 i Mineral Products Industry 8.6-9

5-10




7.

Regtriction of Emissions from Portland Cement Works, VDI Richtlinien,

Duesseldorf, West Germany, February 1967,

8. J., S. Kinsey, Lime and Cement Industry - Source Category Report, Vol. II,
EPA Contract No. 68-02-3891, Midwest Research Institute, Kansas City, MO,
August 14, 1986,

8.6-10 ' EMISSION FACTORS " ' 10/86

5-11




3

APPENDTX A -

EXCERPTS FROM REFERENCE DOCUMENTS USED IN THE DEVELOPMENT

QF PARTICULATE EMISSION FACTORS




Excerpts from

REFERENCE 10 (SECTION 4.0)

- Emissions from Wet Process Cement Kiln and Clinker Cooler at Maule

Industries, Hialeah, Florida, EIB Test No. 7I-MM-0I, U.5. Environ-
mental Protection Agency, Research Triangle Park, NC, March 1972.




TABLE 1

RESULTS FOR CLINKER COOLER STACK NO. 1

*70°F, 29.92". Hg
NA - Not Applicable

Rup Number 1 2
Date ‘ 2-25-71 2-25-7 - 2-25-7
Percent Excess Air NA NA NA
Percent Isokinetic . 106.2 110.0 103.7
 Stack Flow Rate - SCFM¥ dry 19,473 17,369 18,996 |
Stack Flow Rate - ACFM wet 23,898 21,360 23,216
Volume of Dry Gas Sampled - SCF¥ 74.90 69.25 N.41
Feed Rate - tons/hr 41.2 a1.2 41.2
Particulates A
Probe, Cx;léhe, & Filter Catch
mg . - 128 127 94
gr/SCF* dry 0.0263 0.0282 0.0203
' gr/CF @ Stack Conditions 0.0214 0.0229 0.0166
 bs/hr 4.38) 4,203 3.286
| 1bs/ton feed 0.106 0.102 0.0758 |
Total Catch
' mg 134 138 - 104
gr/SCF* dry 0.0276 0.0307 0.0224
gr/CF @ Stack Conditions 0.0228 0.0243 0.0183
1bs/hr 4.59 4.551 3.647
Tbs/ton feed 10,112 6.110 ,  0.0885
% Impinger Catch 4.5 8.0 - 9.6
3

Data used in Table 4-1,



RESULTS FOR KILN STACK NO, 1

TABLE 11

* 70°F, 29.92" Hg

. 15.3

Run Number 1 2 3
Date 2-26-71 2-26-71 2-26-71
Percent Eicess Air. - 181 181_ . 181}
Percent Isokinetic 86,1 94.5 96.2
Stack Flow Rate - SC#H*‘dry 55,031 54,413 62,018
Stack Flow Rate - ACFM wet 126,208 122,704 118,324
Volume of Dry Gas Sampled - SCF% 48.84 a7.49 46.17
feed Rate - tons/hr | 40.3 40.3 40.3
“Particulates
Probe, CyéIone, & Filter Catch
' mg w2 272 488
gr/SCE* dry 0.0542. 0.0882 0.163
gr/CF @ Stack'éonditions 0.0236 0.0391 0.0715
1bs/hr 25.53 41.08 72.51
_1bs/ton feed 0.634 1.019 1.799
Jotal Catch :
mg | 189 321 518
gr/SCF™ dry -  0.0596 0.104 0.173
gr/CF @ Stack Conditions 10,0260 0.0461 0.0759
1bs/hr . ' 28.07 48.54 76.99
Tbs/ton feed 0.696 1.204 1.910
4 Impingef Catch 9.0 5.8

Data used in Table 4-1.



Excerpts from

REFERENCE 17 (SECTION 4.0)

Emissions from Dry Process Raw Mill and Finish Mill Systems at Ideal
Cement Company, 1ijeras, New Mexico, EIB jest No. /71-MM-02Z2, U.S. En-
vironmental Protection Agency, Research Triangle Park, NC, April
1972.




Table 4

SUMMARY OF PARTICULATE DATA FOR HO, 2 FINISH MILL

Nata used in Table 4-1.

Run Number L (TRIAL) 2 3
Date 3-2-N 3-3-71 3-3-71
Percent Excess Air - - -
Percent Isokinetic . 105.0 102.9 - 103.6
Stack Flow Rate - SCFM* dry | 4886 5261 5089
Stack Flow Rate - ACFM wet - 6406 6843 6631
Volume of Dry Gas Sampled - SCF* 36.62 115.95 i12.88
Feed Rate - tons/hr - Not Heasured 34.6 34.6
Particulates
Probe, Cyclone, & Filter Catch
mg 39.7 24.7 35.0
gr/SCF* dry 0.0167 0.00461 0.00477
gr/CF @ Stack Conditionms c.0127 0.00354 0.00366
lbs/hr. - 0.69% 0.208 0.208
[ibs/ron feed e 0.00601 0, 00601
Total Catch
mg 74.6 51.0 51.2

gr/SCF* dry 0.0314 0.00677 . 0.0Ce%8
gr/CF @ Stack Conditionms 0.0239 0.00520 0.00536

 1bs/hr 1.31 0.305 0.304

1bs/ton feed - 0.00882 0.00879

% Impinger Catch 46.8 32.0 31.6

* 70°F, 29.92" Hg




SUMPARY OF PARTICULATE DATA FOR MO. 2 FIHISH MILL AIR SEPARATOR

Table 5

2

* 70°F, 29.92" Hg

Run Number [
Date 3-6-71 3-6-71
Percent Excess Air - -
Percent Isokinetic '1-11&.3 11,6
Stack Flow Rate - SCFM* dry 14,178 13,838
Stack Flow Rate - ACFM wet 19,267 - 18,842
Volume of Dry Gas Sampled - SCF* 77.50 73.95
Feed Rate - tons/hr 32.8 32.8
‘Particulates
Probe, Cyclone, & Filter Catch
mg 23.6 21.8
gr/sCr* dry 0.00468 £.00454
gr/CF @ Stack Conditions 0.00344 0.00333
1bs/hr. 0.569 - 0.538
1bs/ton feed 0.0173 0.0164
Total Catch
mg 44,1 41.6

gr/SCF* dry 0.00876 0.00866
gr/CF @ Stack Conditions 0.00644 0.00536

1bs/hr 1.063 1.024

1bs/ton feed 0.0324 0.0312 .

% Impinger Catch 46.5 47.6

Data used in Table 4-1.




SUMMARY OF PARTICULATE DATA FOR HO. 2 FINISH MILL FEED-0-REIGHT.

Table (.

* 70°F, 29.92" Hg

Run Number .. L Z
Date 3-8-71 3-8-71
Percent Excess Air NA KA
Percent Isokinetic 106.2 103.5
Stack Flow Rate ~ SCFM* dry 10,517 10,587
Stack Flow Rate - ACFM wet 12,791 _}2’936.
Volume of Dry Gas Sampled - SCF* 100.34 98.3%
Feed Rate - tons/hr 28.7 ?3.7
Particulates
Probe, Cyclone, & Filter Catch ‘ '
ng 20.1 18.8
gr/SCF* dry 0.00308 0.00294
gr/CF @ Stack Conditions 0.00253 0.00240
1bs/hr. ' 0.273 0.265
1bs/ton feed ~ 0.00953 ~0,00922
Total Catch
=g 33.7 3.1

gr/SCF* dry 0.00517 0.00487
gr/CF @ Stack Conditions 0.00425 0.00398
1bs/hr ' 0.463 0.434

1bs/ton feed 0.0161 0.0151

% Impinger Catch 20.4 39.5 -

Data used in Table 4-1.



Table 1
SUMMARY OF PARTICULATE DATA FOR HO. 2 RAW MILL

2

Run Number 1
Date 3-9-71 3-10-71
Percent Excess Air — —
Percent Isokinetic ‘ 109.6 108.2
Stack Flow Rate - SCFM* dry : 3177 3210
Stack Flow Rate - ACFM wet 4684 4708
Volume of Dry Gas Sampled — SCF* ' 84.47 79.33
Feed Rate - tons/hr 53.1 57.2
Particulates
Probe, Cyclone, & Filter Catch .
mg 172.5 197.1
gr/SCF* dry. 0.0314 . 0.0383
gr/CF € Stack Condiiions 0.0213 0.0261
1bs/hr. 0.855 1,049
| 1bs/ton feed g.0161 0.0183
Total Catch
mg 201.1 213.5
gr/SCP* dry 0.0367 0.C415
gr/CF @ Stack Conditions | . 0.0228 0.0283
 1bs/bx 0.998 1.140
1bs/ton feed 0.0188 0.0199
% Impinger Catch ' 14.2 7.9

* 70°F, 29.92" Hg

Data used in Table 4-1.




SUMMARY CF PARTICULATE DATA FOR MO. 2 RAM MILL AIR SEPARATOR

Table 2

* J0°F, 29.92" Hg

A-10

Run Number o1 2
Date ‘ 3-11-71 3-11-71
Percent Excess Air - -
Percent Isokinetic 98.6 100.3
Stack Flow Rate - SCFM* dry 9799 - 9615
Stack Flow Rate - ACFM wet 14,902 14,623
Volume of Dry Gas Sampled - SCF* 83.56 83.42
. Feed Rate - tons/hr 62.1 .62,]
Particulates
Probe, Cyclone, & Filter Catch
mg ' - ]5].0 108.2
gr/SCF* dry 0.0278 0.0199
gr/CF @ Stack Conditions 0.0183 ¢.0131
1bs/hr. 2.332 11.644
Eb_L/ton feed 0,0376 026
Total Catch
me 163.7 121.2
gr/SCE* dry 0.0302 0.0224
gr/CF @ Stack Conditiens 0.0198 0.0147
tos/h 2.528 1.836
Lbs/ton feed 0.0407 0.0296
% Impinger Catch 7.8 10.7

Data used in Table 4-1.




Table 3

SUMMARY OF PARTICULATE DATA FOR 1MO. 2 RAY MILL FEED-O-VEIGHT

Run Number a 2
Date 3-5-71 -3-5-71
Percent Excess Air g R
Percent Isokinetic 107.8 _]10'9
Stack Flow Rate - SCFM* dry - 9646 9588
Stack Flow Rate - ACFM wet 12,250 12,256
Volume of Dry Gas Sampléd - SCF* 89.47 91.51
Feed Rate - tons/hr 62.7 62.7
Particulates
Probe, Cyclone, & Filter Catch
: 99.7 . 69.5
mg
gr/SCF* dry 0.0172 -0.0117
gr/CF @ Stack Conditions 0.0135 0.00914
1bs/hr. 1.418 0.959 .
Bsiton feed _&226 —0521 23 ;
Total Catch
mg nz.a 81.6
gr/SCF* dry 0.0193 0.0137
gr/CF @ Stack Conditions 0.0152 0.0107
_1bs/hr 1.592 - 1.122
lbs/ton feed 0.0254 -0.0179
% Impinger Catch 1.1 14.8

x 70°F, 29.92" Hg

©A-11

Data used in Table 4-1.




Excerpts from

REFERENCE 11 (SECTION 4.0)

Emissions from Wet Process Cement Kiln and Clinker Cooler at Ideal
Tement Company, oeattle, Washington, ETB Test No. /1-MM-03, U.S.

Egvironmenta] Protection Agency, Research Triangle Park, NC, March
72.

A-12




TABLE 1
SUMMARY QF PARTICULATE DATA FOR CLINKER COOLER

Run number | ] 2 3
Date 31871 3-19-71 3-19-71
Percent Excess Afr NA NA NA
Percent Isokinetic 105.7 105.3 101.9
Stack Flow Rate-SCRM" dry 95,699 94,971 94,100
Stack Flow Rate-ACFM wet . 108,307 105,121 104,555
Volume of Dry Gas Sampled

SCF* 105.39 104,21 100.03
Feed Rate - tons/hr 103.4 102.8 104.9

Particulates

Probe, Cyclone, & Filter Catch

mg 351.0 386.0 453.3
gr/SCF* dry o 0.0513 0.0571 : 0.0698
gr/CF @Stack Conditions 0.0453 0.0516 0.0628
lbs/hr . 42.90 46.4 56.3
1bs/ton feed 0.406 0,452 0.536

Total Catch

mg 374.3 400.6 462.7
gr/SCF* dry 0.0547 0.0592 : 0.0712
gr/CF @Stack Conditions 0.0483 0.0534 ' 0.064}
Tbs/hr 44.8 | 48.2 57.4
1bs/ton feed , 0.433 0.468 0.547
2 Impinger Catch | 6.22 3.49 2.03

* 70°F, 29.92" Hg
NA--Not Applicable.

A-13

Data used in Table 4-1.



SUMMARY OF PARTICULATE DATA FOR KILN STACK

TABLE 2

* 70°F, 29.92" Hg

A-14

Run Number 1 2
Date 3-24-N 3-24-71
Percent Excess Air 67.8 . 67.8 -
Percent Isokinetic 93.5 89.9
Stack Flow Rate - SCFM" dry 107,179 103,085
Stack Flow Rate - ACFM wet 286,431 288,505
Volume of Dry Gas Sampled - SCF" 39.69 36.68
Feed Rate - tons/hr - 101.7 101.7
Particulates
Probe, Cyc]ohe, & Filter Catch
mg 241 253.5
gr/scF” dry 0.0935 0.1064

gr/CF @Stack Conditions 0.0350 0.0380
1bs/hr 85.9 94.0

L _lbs/ton feed 0,844 0,924
Total Catch
mg 262 281.8°
gr/SCE™ dry 0.1016 0.1183
gr/CF @Stack Conditions 0.0380 0.0422
1bs/hr 93.4 104.4
Tbs/ton feed 0.918 1.027
% Impinger Catch 8.01 10.04

Data used in Table 4-1.



cxcerpts Trom

REFERENCE 12 (SECTION 4.0)

Emissions from Wet Process Cement Kiln and Finish Mill Systems at

ldeal Cement Company, Castle Hayne, North Carclina, EIB Test No.
71-MM-04, U5 Environmental Protection Agency, Research Triangle
Park, NC, March 1972.

A-15




SueiarY 0F PARTICULATE DATA FOR B0, 1

e —— kL

T RILL AR SEPARATOR STACK A

* 70°F, 20.92" Hg

T A-16

Run Humber 1 2 3
Date 4-13-71 4-14-71 - - - 4-14-N
Percent Excess Air - — -
Percent Isokinetic 96.9 - 100.8 97.4
Stack Flow Rate - SCFM* dry 14,478 14,876 14,453
Stack Flow Rate - ACFM wet 17,554 17,636 16,677
Volume of Dry Gas Sampled - SCF* 56,931 60.857 54.777
Feed Rate - tons/hr 30.0 28.6 30.1
Particulates -
Probe, Cyclone, & Filter Catch
mg 11.8 22.9 21.4
gr/SCF* dry 0.00319 0.00579 0.00&02
ar/CF @ Stack Conditions 0.00263- 0.00488 0.00521
1bs/hr. 0.391 0.729 0.737
1bs/ton feed 0.0130 00255 - 0.0245
Total Catch
mg 24 .1 34.0 35.8
gr/SCF* dry 0.00652 0.00860 0.01010 |
gr/CF @ Stack Conditions 0.00537 0.00725 0.00871%
1bs/hr 0.796 1.086 1.243
lbs/ton feed 0.0265 0.0380 0.0413
% Impinger catch 51.0 32.6 40.2

Data used in Table 4-1,

L -




_SEPARATOR STACK B
Run Number 1 2 -3
Date 4-13-71 4-14-1N 4-13-7
Percent Excess Alr —_ —_— —
Parcant Isokinetic 90.7 94.6 95.4
Stuack Flow Rate - SCFi'* dry 1,700 11,664 11,727
Stack Flow Rate - ACFM vet 13,484 13,554 13,474
Yolume of Dry Gas Sampléd - scF¥ 74.277 77.276 75.106
Feed Pate - tons/hr 30.0 28.6 30.1
Particulates
Probe, Cyclone, & Filter Catch
mg 31.2 23.9 24.2
griSCE* dry 0.00647 0._00478 . 0.00496
gr/CF @ Stack Conditions 0.00561 0.00409 0.00431
lbs/hr. 0.643 0.467 0.493
1bs/ton feed 0.0214 0,0163 0.0164 |
Total Catch
. mg 58.8 39.3 38.9
gr/SCF* dry 0.0122 0.00783 0.007¢98
gr/CF @ Stack Conditions 0.0106 0.00673 0.60693
1bs/hr ' - 1.217 0.781 0.797
tbs/ton feed 0.0406 0.0273 0.0265
% Impinger Catch 46.9 39.2 37.8

® 70°F, 20.92° Hg

- A~17

Data used in Table 4-7.




le 3
A

SUNYARY OF PARTICULATE DATA-ENR MO 1.
TRICLSGRINER and DUST COLLECTOR
Run Humber 1 2 3
Date 4-15-71 4-15-71 4-15-71
-Percent £xcess Air —_ — -
Percent Isokinetic 103.5 100.1 100.8
Stack Flow Rate - SCFM* dry 5853 6057 5727
Stack Flow Rate -~ ACFM wet 6827 . 7073 6739
Volume of Dry Gas Sampled - SCF¥*  §5,059 65.470 61.995
Feed Rate - tons/hr. 31 '30.7 3.7
Particulates
Probe, Cyclone, & Filter Catch
mg 35.5 33.7 34.9

gr/SCF* dry 0.00840 0.00793 0.0Cg67

qr/CF 2 Stack Conditions 0.00719 0.00681 0.00735

1bs/hr. 0.421 0.408 0.424

1bs/ton feed 0.0135 0.0133 0.0134 |
Total Catch

mg 54.2 54.6 56.0

ar/SCF* dry 0.0128 0.0128 0.0139 -
ar/CF @ Stack Conditions 0.0110 0.0110 0.0118

1bs/kr 0.638 0.669 0.682

1bs/ton feed 10.0205 0.0218 0.0215

* Impingér Catch 34.5 38.3 37.7
® 70°F, 29.92" Hg

A-18

Data used in Tble 4-1.

|




Excerpts from

REFERENCE 13 (SECTION 4.0)

Emissions from Dry Process Cement Kiln at Drﬁﬂon Cement Company,
Northhampton, Pennsylvania, ETB Test No. 71-MM-05, U.S. Environ-
mental Protection Agency, Research Triangle Park, NC, March 1972.

A-19




% Impinger Catch

® 70°F, 29.52" Hg

A=-20

65.4

Data used in Table 4

-1.

TABLE 1
. SUMMARY OF PARTICULATE DATA FOR KILN STACK .
Run Number s N S 2 3
Date . - 4-29-71 - 4-29-N 4-30-11
" Percent Excess Air 322 322 . 466 _
Percent Isokinetic - .- - 95.3 . 95.4 95.4
Stack Flow Rate - SCFM* dry 51,187 | 50,643 . 0,013 .
Stack Flow Rate - ACFM'wet . 7-69,470 69,169 © . 69,269 -
Volume of Dry Gas Sampled - SCFY - '89.75 8802 - 819
Feed Rate - tons/hr | . 8403 - 85.75 42.93
Particulates . )
Probe, Cyclone, & Filter Catch
. mg - 55.6 3.2 34.6
. gr/SCF* dry © 0.00954 . 0.00592 0.00607
gr/CF @ Stack Conditions 0.00702 0.00433 0.00438-
1bs/hr. 4.146 2.532 2,601
1bs/ton feed 0.0942 _0.0553 0.0606 |
Jotal Catch
" mg 118.5 106.7 100.1
gr/SCF* dry - 0.0203 0.0185 0.0176
gr/CF @ Stack Conditions ~.0.0150 0.0135 0.0127
1bs/hr ' 8.907 8.002 7.502
Tbs/ton feed 0.202 0.175 0.175
53.1° 67.:9



Excerpts from

REFERENCE 14 (SECTION 4.0)

Emissions from Wet Process Clinker Cooler and Finish Mill Systems at
Tdeal Cement Company, Houston, lexas, EIB lest No. 71-MM-06, U.S.
Environmental Protection Agency, Research Triangle Park, NC, March

1972. :
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TABLE I
SUMMARY OF RESULTS FOR CLINKER COOLER

fun Number o ] 2 3
Sute 5-18-73 5-18-71 5-18-71
percent Excess Afr : : HA S KA
percent Isokinetic 102,17 98.5 8.8
Stack Flow Pate - SCFi™* dry -~ _ 104,057 100,432 102,165
Stack Flow Rate = ACFH wot ' 127,032 . 126,664 128,672
Vulume of Ory Gas Sampled ~ SCF 101.07 94.15 96.05
Feed Rate - tons/hr ~ ' 61.8 -62.7 63.7
Particulatas
Prote, Cyclone, & Filter Catch -
&g 1.8 . 20.5 14.2

gr/SCF* dry - ©.00180 0.00335 0.00228

gr/CF @ Stack Conditiens 0.00147 0.00266 0.00180

1bs/hr. ) 1.581 2.812 1.941

[ibs/ton feed 00253 0,0448 0,0305 |
Total Catch
g . 26.3 8.1 23.3.

or/SCF* dry 0.00401 0.00623 0.00373.
ar/CF @ Stachk Conditiens " 0.00328 0.00494 0.00296

1bs/hr S 3.538 5,323 3.269

ibs/ton fecd  0.0572 0.0849 0.0513

% Impinger Catch 55.1 46.2 - 39

* 70°F, 20.92" g
HA - Not Applicable

A-22

Data used in Table 4-1.



TABLE 2
SUMMARY OF RESULTS FOR FINISH MILL GRINDIHG SYSTEM

Run Numher S . 2 - 3
_ Date » | ©5-19-72 5-19-71 5-20-71
percent Excaess Air g . NA ‘ NA A 7
parcent Isokinotic 109.0 102.9 98.9
stack Flow Rate - SCFit* dry 26,360 . 26,252 26,244
zack Flow Rate - ACFM wat 35,185 35,679 35,780
Volume of Dry Gas Sampled - SCF 180.35 . 131,99 126.82
Feed Pate - tons/hr - 34.6 S 33.9 32
Particulates -
Proba, Cyclone, & Filter Catch _
mg - . 22.0 © - 26.9 17.1 .
gr/SCF* dry . 0.00241 0.00314 10.00208
gr/CF @ Stack Conditions 0.00181 - - £0.00231 0.00152
1bs/hr. . 0.527 0.683 0.446
Libsston food . 0.0152 0,020] - 0,01201
'I-"cltal Catch ‘ . '
mg ' 32.9 37.8 27.9
gr/SCF* dry : 0.00361 0.00441 0.00339
or/CF @ Stack Conditions 0.00270 0.00324 0.00248
1bs/hr | ' 0.791 - 0,971 0.761
. 1bs/ton feod o 0.0229 0.0237 0.0205
% Impinger Catch r,33.1 28.8 38.7

* J0°F, 29.92" Hg
NA - Not Applicable

' A-23

Data used in Table 4-1.




. Excerpts from

REFERENCE 15 (SECTION 4.0)

Emissions from Wet Process Cement Kiln at Giant Portland Cement,
Harleyviile, 5South Carolina, ETB Test No. 71-MM-07, U.S. Envi-
ronmental Protection Agency, Research Triangle Park, NC, 1972.
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TABLE I
Summary of Combined Particulate Emissions

A~25

Kiln fuel : Natural Gas  No. 6 Fuel 0il .
Volume of Gas Sampled - DSCF? 488.76 “464.54
Percent Moisture by Volune - 41.43 36.98
Average Steck Temperature - °F 429, 420,
Stack Voluretric Flow Rate - QSCFHb 48,132 - 56,282
taczx Yolumatric Fiow'Hate.f-ACFHc 137,500 ‘]45,754
Percent Isokinatic ' -96.8 "'90,2
Percent Excess Air _ 24,90 ~26.48
Percent Opacity 5-25 5-25
Feed Rate - ton/hr 40.33 40.00
Particuiates - rrote, cycicne,
and tilter catch
ug 1818.3 . 1375.9
gr/DSCF 0.0524 0.0395
'gr/ACF 0.0195 = 0.0152
1b/hr 21.6 20.5
1h/ton foed 0,536 0.513
Perticulates - tctal catth.
mg 3808.4 2866.5
ar/DSCF 0.117 0.0914
gr/ACF 0.0408 0.350
1t/ar 48.6 45.8
. 1b/ten feed 1.21 1.14
Percent impinger caich 52.3 52.0

Data used in Table 4-1.




Excerpts from

REFERENCE 16 (SECTION 4.0)

Emissions from Wet Process Cement Kiln at Oregon Portland Cement
Company, Lake Oswego, Oregon, ETB Test No. 7I-MM-15, U.5. Envi-
ronmental Protection Agency, Research Triangle Park, NC, March
1972.
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TABLE 1
SUMMARY OF PARTICULATE TESTING

% Impinger Catch

* 70°F, 29.92" Hg

A-27

Run Number 4 S £
Date 10-7,10-8-71 10-8-71 10-8-71
Percent Excess Ailr 33.0 34.3 34.3
Percent Isokinetie 106.7 101.2. 101.6
Stack Flow Rate - SCFM* dry 46,976 54,699 55,577
Stack Flow Rate - ACFM wet : ]20'135 133-7]8 135.983
Volume of Dry Gas Sampled - SCF#* 73.449 78.702 80.246
Feed Rate - tons/hr 52.1 57.0 £8.0
Particulates
Probe, Cyclone, & Filter Catch ]5?.6 192.9 165.4
mg .
gr/SCF* dry 0.0313 | 0.0377 0.0317
gr/CF @ Stack Conditions 0.0125 0.0154 0.0129
1bs /. 12.87 17.67 15.12
1hs/ton fepd 0.247 0.309 0.261
Total Catch '
mg 330.2 224.4 185.4
gr/SCF* dry 0.0692 0.0439 0.0356
gr/CF @ Stack Conditions 0.0270 0.0179 0.0145
1lbs/hr 27.86 20.57 16.90
1bs/ton feed 0.535 0.361 0.291
53.8 14.0 10.8

Data used in Table 4-1.




Excerpts from

REFERENCE 18 (SECTION 4.0)

Air Po11ut1on Emission Test, Arizona Portland Cement, Rillito, Arizona,
EPA Project Report 74‘STN'I' U.S. Environmental Protection Agency,
Research Triangle Park, NC, June 1974.

A-28




TABLE 2
SUMMARY OF TEST RESULTS
PRIMARY CRUSHER

% Dry standard cubic feet 2t 70°F, 29.92 in. Hg.

b Ory standard cubic feet per minute at 70°F, 29.92 {in. Hg.

€ Actual cubic fect per minute
d Calculated by averaging the concentration and area ratio resulis
¢ Impinger water erroneously discarded

A-29

Run_fumber 1 2 3 4
Date ‘ §-4-74 6-10-74 6-11-7¢ §-12-74
Volume of Gas Sampled - OSCF® 286.20 245.71 186.7¢  141.82
Percent Hoisture by Yolume 2.4 2.5 3.0 3.3
Average Stack Temperature - b 79.0 81.0 83.0 88.0
Stack Volumetric Flow Rate - DSCFH 23,469 22,351 22,140 22,502
. Stack Volumetric Fliow Rate - ACFY 27,198 26,430 26,653  27.142
Percent Isokinetic 114.3 109.1 104.7 104.3
Parcent Excess Afr - ;'f -—— _—
- Percent Opacity a 0 0 0
‘Feed-Rats - ton/hr 978.0 994.0 1628.0  1010.0
particulatss - nroke,
and filter catch
mg 66.086 75.13 51.13 66.91
gr/0SCF 0.00355  0.00471 0.00504 0.00727
gr/ACE 0.00307  0.00398 0.0041%  0.00602
1&/hr 0.77¢ 0.90- 0.9 1.40
[Esen feed 1.00079  9.00091  0.00033  0,00133]
Particujatas - total catch
mg 72.61 e 72.34 7728
gr/DSCF 0.00391 e 0.06597  0.00839
gr/ACF 0.00337 e 0.00495  0.00595
1b/hr 0.85° e 1.13 1.62
1b/tan feed 0.00087 e 0.00110 0.00180
Percant impinger catch 3.0 e 15.5 13.4

flata used in fable 4-1.




TABLE 3
SUMMARY QF TEST RESULTS
PRIMARY SCREEN

Run ilunkar 1 2 2 4
Date 6-4-74  §-10-74 6-11.74 6-12-74
Yolume of Gas Sampled - DSCF? 328.07  331.80  257.81  195.69
Percent Moisture by Volure ) 1.7 1.4 2.1 2.5
Average Stack Temperature - °F 82.0 90.0 30.0 94.0
tack Yolumatric Flow Rate - pscre® 13,636 13,368 13,246 13,196
Stack Volumetric Flow Rate - ACFKC 15,682 15,797 15,771 15,866
Percent Isokinetic 6.8 1151 1.8 13.8
Percent Excess Alr — — — ——
Percent Opacity 0 0 o] 0
Feed Rate - ton/hr 967.0 865.0 1023.0  1056.0

Particulatas - proté.
and fi1ter catch

mg 27.82  37.94  3.51  28.34
gr/SSCF 0.00131 0.00176 0.00188  0.00222
gr/ACE (0.00113  0.00149 0.00158  0.0078¢
15/ke _ 0179 0.22¢  0.23¢  o.27¢ -

1 1-/2=n foad - 0.90018 3 106023 0. N2 % oNngPe l

Particuiates - total catch

rg 10.38 e 19.28  40.7)
gr/0SCF ' 0.00142 e 0.00235  0.0031¢
gr/ACF 9.00124 e 0.00197  0.00261
18/hr 0.19% e 0.299  p.39¢
1b/ton feed 0.00020 e 0.00028  0.00037
Parcant impinger catch 8.4 a 19.8 29.3

® Gry standard cubfc feet at 70°F, 29.92 fn. Mg.

b Ory standard cubic feet per minute at 70°F, 29.92 in, Hg.

€ petual cubic feet per ninute

¢ Catculated by averaging the concentration and area ratio rasults

¢ Impinger water erronsously discarded

A-30

Data used in Table 4-1.



TABLE ¢

SUMMARY OF TEST RESULTS
PRIMARY TRANSFER CONVEYOR

2 pry standard cubic feet at 70°F, 29.92 in. Hg.
b Dry standard cubic feet per_minute at 7C°F, 29.92 {n. Ho.

C pctual cubic feet per minute

d

[apinger water erroneously discarded

A-31

Run_humter 1 2 3
Date 6-10-74  6-11-74  6-12-74
Volure of Gas Sampled - DSCF2 273.32 223.12 231.50
_Percent lloisture by Volume 2.4 2.4 2.3
Averzge Stack Temperature - °F 98.0 101.0 97.0
Stack Volumetric Flow Rate - DSCFiP 1,900. 1,902. 2,003
Stack Volumetric Flow Rate - ACFMC 2,303. 2,313, 2,422
Percent Isokinetic | 105.9 107.9 106.3
Percent Excess Air -——- -— -
Percent Opacity 0 0 0
Feed Rate - ton/hr 909.0 914.0 873.0
Particulates - nrobe,
and rilter catch

rg 16.83 23.54 31.14
gr/DSCF 0.00095 0.00162 0.00207
gr/ACE 0.00078 0.00134 0.00171
1n/hr 0.02 0.03° 0.04

lIbd;cn feed .00002 0.,00003
Particulates - total catch

mg d 27.59 38.93
gr/0SCF d 0.00190 0.00259
gr/ACF d 0.00156 0.00214
15/ke d 0.03 0.04
1b/ton fead d 0.00003 0.00005
Percent impinger catch d 14.7 20.0

Data used in Table 4-1.




TABLE 5
SUMHARY OF TEST RESULTS
SECOMDARY SCREEN AND CRUSHER

Run llumker 1 2 3
Date 6-6-74 6-7-74 6-3-74
Volume of Gas Sampled - pscF? 201.05 "173.87 216.14
Percent l'oisture by Volume 2.3 2.2 2.1
Average Stack Temperature - °F 81.0 77.0 80.0
Stack Volumetric Flow Rate - DSCFM® 9,277.  8,711.  9,856.
Stack Yolumetric Flow Rate - ACFNC 10,579.  9,971. 11,045,
Percent Isokinetic 102.2 99.8 105.6
Percent Excess Air ' .- .- -
Percent Opacity ) ' ’ 0 0 0

Feed Rate - ton/hr 170.0 162.0 152.0

Particulatss - prote,
and filter catch

mg : - 4.69 8.44 10.48 -~

gr/OSCF ©0.00036  0.00075 0.00074

gr/ACF 0.00031  0.00065  0.00065 =

15/hr 0.03 0.06 0.06 g

1/ ton feed .' _0.00017  ©0.00034 _ 0.00041]

Particulates - total catch §
2

mg 6.12 12.25 d °

gr/DSCF 0.00047  0.00109 d

gr/ACF 0.00041  0.00095 d

1b/hr : 0.04 0.08 d

1b/ton feed ‘ - 0.00022  0.00050 d

Percent impinger catch. 23.4 31.1 d

a Dry standard cubic feet at 70°F, 29.92 in. Hg.
b Dry standard cubic feet per minute at 70°F, 29.92 in. Hoe.

€ Actual cutic feet per minute
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Excerpts from

REFERENCE 20 (SECTION 4.0)

Nichols, G. B., and J. D. McCain, Particulate Collection Efficiency
Measurements on Three Electrostatic Precipitators, EPA-600/2-75-056
(NTIS PB 248 220), U.S. Environmental Protection Agency, Washington,
D.C., October 1975.
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Excerpts from

REFERENCE 21 (SECTION 4.0)

McCain, J. D., Evaluation of Rexnord Gravel Bed Filter, EPA-600/
2-76-164 (NTIS PB 255 095), U.S. Environmental Protection Agency,
Research Triangle Park, NC, June 1976.

A-44




"p-p pue g-p S8|qel uL ejep 4oy Su0L3e(NJLed UL pasn eleq

SLETINMNTE tzez tinus e (096°0) L6T L  (LZ9°0)SEP°T {SEC°T)T6T L (4D08/sutwid) WOOB/swe1D

' (s06°0)8L0°T (te6"qloti-t (oL 0209t {oos 0} ¥P1°Y (168°0)6€0°2Z
({148 141 34 141 (sg6oclc sie (T6092)9°T9.L (TEFSC) P a@BOT (ssoced 1 Lc6
(oLséc) 9 0TIY (coTTrIT s6tt (LyR9E)S PO  (OPTBI)S IOLT (TIexsie-Lone

(SY*9TYis"L (6a-cLrdos e (se*v2)ze s (er-1geioL ¢ (rz-rc)orcor
on't ¥s°1 [T M $9°% {4 4
STST 080T 11431 sTOT 0s€t
SL-LT-9 Si-Lt-p $L=92=1) $L-92-8 SL-SZ-0
s ’ _ £ t 1
ITUI

"¢ POUIBH ~ §IBAY, UOTSETWI SNWH

T s[qwy

{ZOV/euTeID) KOV/swed
(niDas) uIw/Noas
(N20V) uyw/Wov

(s/3) s/u ‘A3yo0T8p
SINJIBTON ‘Y

!

*ug

§ uny

A-45




'

“g-p S3[Qe]l UL eJep JOj SUDLIRINI[EI UL Pasn ejeg

*Ife ysnTZYOwq sepnyou],

0°86 $° L6 1°s6 6°96 00°56 . " Kousyotj3a

. o {RIJV) uTR/IOV Uy

SINpOM SAFIOV
(0LL9d L 161 {Sr9L)e°0TZ  (SEOTTIL PTC (oLT8) 0 TET (ocze) T cc asd aotd sbeasay

. BINPOH
¢ i ’ ¢ L ®ATIOV JO ‘of
Tvo olvi L (t 8L 0TI68 ¥
(610°0)E¥0°0  (¥Z20°0)$50°0  {S£0°0)080°0 ($10°0)LE0°0 (adag/euyean)u>as/sweag
(ST0°0)PEO°D  (6TO°CIEVO"0  (820°0)990°0 (€T0°0)0SO°0 (ZOV/supeID) KOV/sweD
(L9OLEIL GPOT  (TOPTIMIT PLIT  (LZ6SEIS LTOY (Lean) v 9zet (Ka2008) uTe/WOas
(SOPLYISZIET  (PTTTSIT 9LYT  (6LEPPIB 9STT  (T0ZLS)6°6T9T (NZOV) uTw/pov
(T4 § 91 9"t €8t exn3Injou ‘y
(1 co)or-¢L (st 9z)s6°L ez ze)eLy (€L*ez)9L’e (*/3)0/u .Wu«oonoa
STIST 00Tt 11224 stot outl
SL-L2-3 SL~LT-8 SL-92-0 SL-9t-8 "3vg
$ v € z

§ uny

ITIND

S POYIOW = BINGL UOTERIECY SSWH

¢ *1quy

A-46




“G-p pue p-p S3qel UL Pasn 3qe3 duLjul

A-47

WMCO0> BPTO-RET TRU0-00* B°T-C°0 B Z-8°1 §°tc ["Tw0 wi *ce7Q

ITWY] SDOUSPY JUO) 180T 206 (284 | 170 o5t 0 LrUen 1502
WY sousptjuo) ieddn wo¢ $0°1 mwe €T« LI tetet 0s9¢c
S/11-3/11 wbuasay 0%y 19 | L 1 ST 0T sL°st oyar

(0 4 S { A {0 01 L6l {4 ot 1402 s/t

TIT gt T6¢ 161 ULl L0 ozt STt s/t

690 €00 'y 1 { 3 1 M 111} (141 0€s0 s/11

FI3% G 1 ('] et -3 T 4 ) (2114 131 st60 s/11

51 L9°0 st s el t6it [-141 SOl /11

ir £5°0 L°c £t ¢t 161 114 142§ LTAN

. "uoT3oeIPp o8y €0°Y 1%°0 2141 £ et 199 . 0% orlt /1t

Suoia pejujod ayIrog, L I3 ¢ 4 & o 4 $°5 et et 1] 901t 17411
ITEYT SIUSPTJUOD el 406 [{ N+ o se°t [{30] (T804 ceee
T sduspywo) zeddn 04 oLs 08°1 $S°C $8°(T  &%'02 98¢
St/3=L1/8 obuisay "'s L'y 08t LL0T . Tt t 1114

01 {0 ] mw'e e €1 ozt oot /s

"'y 1104 e - Tz 1141 s101 T/

*asbuye $°CT Pt §n e 802 ozt (1731 at/s

aeddn BuspeOTISA0 PYOAR O3 ”"c [ 43 "L 414 (141 11141 n/s

ERIIISUACD PBUINY PETRTON, sy (1M ] 11 4 ¢ LELE 1] 0540 /e

33 4 st £°C des 14 o008t /s

‘seyotTIand [ % 4 1 404 | "t (C1IC ot ocLy /s

szisisac Aq peivuywop {3 00t (334 yINC or orel /s

g v ~ SogDI9D INATTde sttt 't "y teot 1173 or ozl /e

o9  LD*=E9" ¥ 1=L8" T1°'t=0'1 L'9=-T°C OL'P<c Q0°1=0 wn ‘*wyQ (se3nuN) g "ivg

voyIeIng

Jma/Bm ‘Teaziul e1s peIvOTpUI Ul Suipwol eswy
wvyeg 2030wdal USRISpIY WOAd TerAIe3ul axis A Suypevol sswy jetul
T1=-¥ elqel .




‘g-¢ a|qel ui pasn a|qel auiu]

"ITEIT SOUSPTIUOD 406 IMNOTggas
SITEYT SSUNPIUDD 404 Inddngee

‘uGTINTIP JoJ BUTIDOII0D I8P SERISAY,,

‘erTqey Wy Wy
.wmI 3o3owdw] yoea 303 usath sav Jusaysn(pe 1y 338)Je 03 ISPIC UT PRITdII[NE 8 ISNW SUOTIRIJUSIUCD BTINO PeInavem By)

yoTya Aq 203393 UGTIDELI0D ML PAIFIAIIED IQ UED ESTIUSTLL)JS UOTIDNTTOD [RUOTISNI} 810Jeq PUR SPYE 8 UWI SUOTITPUOI
Ssrivisdo snotiva ey Buowe suoeTIwdwod 830jeq SAOT) Swb ISTINOG puw IBTUT UY OJUDIE)JTP Sy 107 sjmsusdwod o3 peIisn(py
#q IME 83030%dW ISTING MY WOIJ EITOEEL SYY ‘ITW GIRANIRG S JO UOTITPPE DY) WOZ] SITNSST INYY VOTIN[IP Sy} JO ssnwdey,

TC*> IP'=TC*  OL°-9%0" L°Y1-8L° 9°'I-L°1 ('f-%°L T*9=L7C 9°8=1"% 9°pc  (°T»0

-.dn
T | 1t '3 08 ] {19 st L T8¢ 4 (754 2N 134 )
61 (194 0 e s e Le°c 1ot
"1 Lt 113} st "y e L4 S o
{3 ] Lo°g 01"y s st st 9T I 11 ™1 ozY 00PT 6t/
[ I3 ¢ [ ] O 4 (4 3 £5°1 1158 L1°7 %°1  $9°¢ "1t "W (14 00Kt &t/e
1134 1 IR 4 s e ‘$0°¢ "l 09°1  4L°s s A (et 141 000T 4Z/0
oLt £5°¢ s 18] e tr'e T°o1 9Lt Le°y ott 000t &z/¢
st LT 4 i9°9 "t we "'T 9°¢ 't ir°1 ([ 14] sTPT  0Z/8
Ty 00°¢C Ls°s szt 092 L 358 T T3¢ "z L ory STYT  sZ/n
"o 138 4 $C°8 sty - L1 4 1 Le°t 'L Ll €1 [ 149 SYOT WU/8
STt °0e LTS Lg oz’t 348 2 ) o) et {0 ¢ 1141 sKet  ez/e
09t 10°y (13 "'t 1 1 4¢ 4 "It "It {28 141 SIST (/8
FVAS | L 19 ] 0t 3"z et ort [ 34 't oLt SIST LT/8
"t e 0s°L £t or's  ecL 8°s1 1 oLty ostIT LT/e
2 3] "t L 184 ¢ TC¢ 0°2t L1 ey oz o001t Lt/8
is°1 1 0 ¢ "nee ot (2 3C S 1 At | 2841 ey ott SIST ,92/8
160 "oe 40°9 ”n°e ML 60°¢ 2°s1 "1 1141 SIST 92/0
e ({9 4 ”w's 20°¢ 220 B ¢ B 4 oLt et (] I 9Z/0
1IN 1 °r 61°2 151  r°t 0 et " 11T 9%/8
£1°0 "%t L0t 110 L 158 S T3¢ 4 $°91 {0} oty omt st/e
%0 e 1*°r s'T e st 9 't ort ot st/s

o > TE"~858" SC°1~I8° €°T-SL°T ¥ ¥-€°D P OTOOT=Z"9 C°PT-T°0T £°PI¢ 0°In=d doag 203983 UOTIWING Swll 83N

*®Jqg ‘*’wag uol g
=-3D8130)
woTInTIg

JHIG/0m PTRATSAUT SETE POIRDTRUL UI JButproT sewy
seyaeg 388 ISNBAY 104 TvAlejU]l estg At sBujpvol sswy IeTIND
t=¥ *1qvl

A~48




1> -1

[T1YL1 M “'s
seell'Y
esll’

net
i
”"e
i5'e
s
L1 ha ¢

olf®r ML'=i%*

Hien'

e
mwee
“':

1158 )
LS 3
m*e
"'t
n't
”"'e

STy

[ Sl i 1 0

oot
'S
"'t

90
nue
”ne
mt
"t
11

BOR-E°T Z'9=0°C 0°0-L°0 1°6-0'9 €°CI-8%%

"~y @1qe]l u} pasn 3|qe3 autjul

e=tt

"
et
"t

ot'e
nt
ts'o
3.8
0
s10°8

o
s
11 0

"o
°0
"o
§nte
90
e

€0
wnw*e
%50

150

"o
1IN
"o
”ne

o
"
1M

o
&'
"ne
"o
L0
0o

L

$

)

L 1

ﬁ.
$'t
.-

€1
60
8°0
t'e
et
0

‘e

(g L1
ut ‘sura
o't
o et
b 3t |
s
! .
|
0°Iad doixg
ud ' uig ‘wea
weyndy

JI0/8u TRAZOINT TRTE TAROTINL Ul JBuTPeOT eswn
BOTROE VORL INGESAON IO teAISINI R1S Lu sbuipeol sawy FNTAND
=¥ otqe;

ebuisar 9013 PRIITWO,
&xyes w0 330d paddezoe eimsoy,
*ISAW] SOUNDTIUDD L0 IBADTsse

*10APT SONIPTIVO0 VE8 1044040
*WOTARLTP 20) Bupioelivo Iey)e ebeieay,,

*(E~¥ oIqul X0} v owwy)

141
60
octt
ottt
1143
sret

({1 1114

"1 ont

st ore

(198 ¢ ot

1100 (14

{10 | 1141

10308 UOTIRING WP

VOFI0eII0)
uorIntig

A-49




”*-

weel1°0
ssbl’s
997y

1t

14 M 4

Ly >

s -9t"

to°o
ans
13

»
- 0X 4
"t
0
[ 2 4
o1
”e
| 2 4

LASA & S ML

26-%9°

06°0
8L
13 A 4

P
0 4
1
11
"t
1
§°t

"L

-t

T8

LT ¢
[ 4 2%
0°y

L 2 4
L3 4
61
[ 2 ¢
t ¥ 4
L 3K 1
et
0t

0°C=-9"1

wing Jo3owda] YUTIW WO [vAIeju]l 3318 Ag Hujpwoi ssen Istul

LA 4 M |
£ty

s
§0°L

€0t

0° L1
e
Lt

st
1 38 44
&
iy
£ 6L
A
L
Lt 44

T'L-t°y

»i-t'r

reé
L 4
L 281 4

L6l
£
[ 984 ¢
Ly
et
L°L

st
L9 14

» -t

. ye¥ ojqul

-¢-p 91Qe]l UL Pash a|qe3 s4ijul

°0T~9°L

L 211
1 g 43
¢ cs

"1
$ 6y
T
$°0S
€°S9
Lo Lt
6° 0t
9°9¢

LT-9°Z1

(S403084 UOLSSLWS 3}PLpUERD do(aAap 03 pasn jou ejeq)

ITME] SDUSPTIUCT S0 J8NDN 44,
ITHYT SJUSPTFUGD W06 39ddn,,

8°0T< L°T=0 *°®1Q

L9
T0EL
rest

0s11
(14 ]
L6$
ozrLt
124
(1]
111314
orot

°LT«

JHEN0/5E ‘TRAISIUL SRS PSIWITPUT UL bupeon sewy

120 2w

08T
ot
ot
OR1
o8t
ant
or

ot

voyIvINg

sheisay,
oort  6Z/0
0001 &I/
OTET  ot/®
seéo  at/e
09T L2/9
01 L2/8
ooLT  9T/8
oToT /8
suylL W

A-50




~t
"

All data used in calculations for data in Tables 4-3 and 4-4,

Date

Production
Tons/Day

APPENDIX B
PLANT PRODUCTION DATA

8/25 8/26 8/27 2/29
742 533 961 - 103
*gingle kiln

A-51

8/29

1064

11/4

1063

11/5
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Excerpts from

REFERENCE 24 (SECTION 4.0)

Hurst, W. W., Particulate Emissions Testing, Greencastle Plant,
Lone Star Industries, Houston, TX, July 18/7.
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GREENCASTLE STACK EMISSIONS SURVEY

TABLE 1

1977
Exhaust Gas
Run No. Date (1977}  Temp. Volume
°F ACFM
Normal Operation:
1 5-38 332 239,200
3 5-9 331 249,100
S 5 - 10 134 240,700
Ave, 243,000

Operation Following Precinitator Upgrading:

21
23
5

Ave.

6 - 20
6 - 21
6 - 22

310
316
307

232,900
239,900
236,700

238,500

PARTICULATE EMISSION RATE

Particulate Emission Rate

Grains/ 1bs/SCF _,  1bs/ Ton/
SCF Dry Dry x 10 hr. Day
.020 2.87 21.05  0.25
. 058 .29 56.24 0,68
.009 1.31 8.82 0.1}
28.70  0.33
.043 6.16 42,24  0.51
.032 4.85 50.98  0.37
. 042 6.00 41,90 0.50
38.57  0.46

These data mentioned in Section 4.1.5 and:ysed for calculations in Appendix E.
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TABLE II

GREENCASTLE pMISSION SURVEY

PRECIPTITATCR PERFORMANCE

Exhaust Gas Dust Load

Insufflation Pracip. Precip. Precip. Precip. Preecip.
. . Rate Input Cutput © Input Output .  Efiiciency
Run No. T/He ACTM - ACRY T/Br T/Hr z
ﬁormal Insufflation Rate:
%, 10 6 238,300 216,800 4.90 . 007 99,8
I PR

12, 12 6 234,300 222,200 5.01 .QN 99.7
13, 14 6 228,500 ° 219,900 5.17 L031 99.4
Ave. : .017 99.6
Elevated Insufflation Rate:
15, 16 12 231,800 214,900 5.10 007 - 89,8
17, 18 12 224,100 215,100 4.99 .021 99.6
19, 20 B 12 228,100 216,400 .72 .02% 99,3
Ave, ] 5,27 .018 59.6

These data mentioned in Section 4.1.5 and used for calculations in Appendix D.
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TABLE III

GREENCASTLE FEMISSION SURVEY

PROCESS RATES, COHSIMPTION AMD PRODUCTION

. ce (1977 Type of Fuel Rate Riln 2 Slurry Clinkar Dust
Run No. Date ( ) Fuel T/Hr Feed Hater Produced Disposed

T/Hr T/dr T/Hr

! 5.8 Coal 18.5 135 31.1 81 .146
9 Coal 18.0 135 33.3 79 .146

5 5 - 10 Coal 17.5 135 33.3 79 . 146
Ave. 18.0 135 32.6 79.7 146
7 5 -12 Coal 18.0 135 33.3 77 .146
9,10 5 -19 Coal 16.5 125 33.1 74 . 146
11, 12 5 - 20 Coal 16.0 125 33.1 75 146
15, 14 5 - 21 Coal 15.75 125 . 33.5 76 .146
15,.16 5 - 22 Coal 16.0 125 33.1 76 .146
17, 18 § - 23 Coal 16.0 125 33.4 75 . 146
19, 20 5 - 24 Coal 16.5 125 33.1 77 . 146
Ave. 16.4 126 33.2 75.7 .146
21 20 Coal 18.75 138 33.2 88 .125
23 21 Coal 18.75 138 33.2 87 .125
25 22 Coal 19.50 138 33.3 88 .125
Ave, 19.00 138 33.2 '87.7 125

Data used for calculations in Appendices D and E.
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Excerpts from

REFERENCE 25 (SECTION 4.0)

Hurst, W. W., Particulate Emissions Testing, Nazareth Plant,
Lone Star Industries, Houston, TX, January 1978.
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TABLE 2

NAZARETH STACK EMISSION SURVEY

PROCESS RATES, CONSUMPTION AND PRODUCTION

=11=

1977
Precip.X%
Coal * Kiln Clinker |Clinker Multiclone
. Kiln Fuel Rate Feed Produced Dust Dust
Run No. Date No. T/Hr T/Hr T/Hr T/Hr T/Hr
PA/6 10-6 L 3.1 27.6 — _—
5 3.1 273 -—— -
PA/? 10-? LI' 3.5 29.9 012 0.2
5 363 27.5 0.2 0.2
PA/15 1015 4 3ok 28,3 - -
5 3.2 26.8 - — ———
Ave, Kiln # 4 . 8.6
Ave, Kiln # 5 - 7.2
Pa/10 10-10 2 42 20,0 17.4 0.1 ———
3 4.6 22,9 19. 0,2 _—
PA/11 10-11 2 L1 29,3 1.0 0,1 2,0
3 4.0 30.5 7 0,2 1.0
PA/12 1012 2 4,0 30,1 17, 0.1 2,2
3 3.9 32.5 -18.9 0,2 1.1
Ave, Kiln # 2 1 9.8 17,
Ave, Kiln # 3 .2 2.0 18,6

These data mentioned in Section 4.1.6 and used for calculations in Appendix E.

*Coal MilllFeed Moisture (Ave,) for PA/6,7,15 was 5.0%
for PA/10,11,12 was 7,.0%

" " " "
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Excerpts from

REFERENCE 26A (SECTION 4.0)

Hunter, S. C., et al., Application of Combustion Modifications to
Industrial Combustion Equipment, EPA-600/7-79-015a (NIIS PB 294
214y, U.5. Environmental Protection Agency, Research Triangle Park,
NC, January 1979.
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‘Natural Gas Rate = Strip charts on the main gas line to the
facility msasurs the total natural gas demand. Asida from
several space heaters, this demand represents the natural gas
flow to the kiln, (These space heaters were not in service
during the test pericd.) The natural gas flow i3 manually
gset by the operator based primarily on his visual observation
of clinker brightness and c¢umality (e.g., size, adhacenca to
the kiln waill, etc.) in the burning zona. .8 such, the
operator is manually compensating for changes in feed rate,
feed moistura content, atc.

Tabla 4-21 preéents the trace spécie'sample train data and process
weights. The following sections discuss each tes:t. The total particulate -
wvaight for Tests 9=3 and 9-4 (upstream) of 7307 and 5548 ng/J, respectively,

_are scmewhat lower than the Method 5. result of 9000-9800 ng/J.

Precipitator Inlet Test Condi=iong=—

Test 93 was to ba terminated when two filters had been pluggec.
After 75 minutes elapsed time, the vacuum pump inlet pressure limit, 76 kPa

{22.5 in. HgVac) huad been reached. An examination of the 1 Um cyclone cup
revealed that it, and pot the filter, had plugged the system. The test was
terminated based on this condition. The largest nozzle size available

(19.1 am, 3/4 inéh) was not large enough to produce the nominal cyclone flow

rate due o the relatively low gas velocity.

Control room data for this test are shown in Figure 4-23 and indizate
4 2.9% increase in kiln discharge temperature over the test period (75 min.).
Combustion airAérgheat is accomplished by passing the air through the hoﬁ v
clinker discharged irom the kiln. Thus, combustion air temperaﬁure'enter;nq

Data used in Table 4-9.

the kiln will increase as the clinker temperature increases, and vice versa.
This is borue out by the observed 2.1% increase in combustion air

temperature.,

Test 9-4, A repeat of Test'9-3, wag also terminated at 75 minutes

*lapsed time by a plugged 1 um cyclone. The gas moistura content for this
"3t was significantly higher than the previous day's test (44.7% versus
3.3y, This effect caused a more mariied departure from isokinetic sampling
1119.3¢ versus 96.8%). |
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TABLE 4-21.

LOCATICN 9 - ROTARY CEMENT KILN

—

TRACE SPECIES AND ORGANICS SAMPLING CONDITIONS

Data used in Table 4-9.

Slurry Peed, 10% g (103 Ib)
Slurry Moilsturs, \swtqht
Clinker, 106 107 ib}

119.0 (261.9)
35.5
45,73 {100,7)

108.6 (239.4)
315.0
43.18 (92.6%

Precipitator Catch 109g (1C-Lh)

2.13L (4.680)

2.1)1 {4.688}

462.5 (1017.4)
6.5
17

T3 & O hm Wo. H [ 1 ? []
Test Musber 93 -4 95 =6
Dats (1976) 9/29 9/30 10/4 10/
Fort Location Z5F inlet = inlet 2P outlet ESP outlet
Velocity, w's{f/s) $.17 (16.95) 5.06 (16.63) }17.45 (37.3%) |17.41 (57.10)
Stack Plow, /s (10° scme | 20.1 (42.8) 19.0 (40.3} |21.2 (ea.1y  l21.7 pe6.00
Stack Tewp, K (°F) 415 (287) 415 (30%) all (280} 408 (374)
axyyen Contsot, § 4.5 -8 | 6.8 6.6
Molacure ,» § 34.3% .74 37.35% w21
Sample Tize, min, 7% 73 300 300
Cyclone Plow, aucim (awcfm) 0.102 (3.591) | 0.097 (3.415) |0.087(3.067} [0.087 (3.075}
Isckinetic Rata, % 96.8 1163 105.3 1r4.58
Oven Temp., X {*F) 478 (400} 478 (400) 478 (400) 478 (400)
o2 Terp., K () 301 (8%) 297 (1) 299 {11 294 159)
Macar Tanp., K {°F) UL (oo} 19 (115} 309 (97) ue (99
Mozzle Size, mm (in.) 19.05 (0.75) 19,05 {0.7%)  [9.52 (0.375) [$.53 (0.375)

_ %o, of Pllters Used 1 X 1 1
Sampla flow, dry, scem (scfm) 0.0342(1.393) | 0.0186 (1.3630(0.0351 (1.2384]0.0345(1.2145}
Volyme Collected, dry, scm {scf)|2.937 (103.44)} 2.897 (102.21} }10.529 ¢371.53§10.3%9 (163.5%)
Particulace catch, g 63.7780 $4.17 0.6122 0.7939
Concestration, g/due’ 1.1 18.88 0.0381 0.0766
Total Particulates, 8¢/ (lb/1eGS) | 7207 (17.0) 5548 (12.9)  {22.7 (0.0%53) |29.47 (0.069)
Cnit Conditiona:s
Test Time. ~'n . . 15 13 HC] All.2

t. Gas T BcA(10° scf) 7.241 (255.8) [ 7.754 (271.6) (27.60 (973.7) |{26.46 (1004.})

Dry Feed, L. ‘ 1b) TE.64 (168.8) 70.61 (155.4) [293.7 {646.0) [334.2 (735.2)

$47.3 {1138.0)
15.4

5,373 (20.63)

9.37% {20.6))

— —
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Data used in calculations for data in Table 4-9,




Excerpts from

REFERENCE 26B (SECTION 4.0)

Hunter, S. C., et al., Application of Combustion Modifications to
Industrial Combustion Equipment: Data Supplement A, EPA-600/7-79-015b
(NTIS PB 293888), U. S. Environmental Protection Agency, Research
Triangle Park, NC, February 1979.
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LOCATION NO. 3
CONTROL ROOM DATA SHEET

DATE 5—’.5"7(

A-68

TEST NO. 2-2 £ TIME )5/
Mater ,
.Parameter Units  Legend Meter No. Reading
1. Coke Rate tons/nr “Coal Mill  H3-X2-mS1 5.7
_ Feed Rate™
2. Cyclcne Tempering 2
Air Temp. P /0 F
3. Coal Mill Outlet -
Temp. ;/j;-;7 /‘.
4. Coal Mill Inlet 3 oo
Temp. Vad
S. Coal Mill Motor Amp 2y
6. Coal Mill Inlst )
. Pressure _ /a‘?
7. Coal Mill Outlet 5.¢
Pregsure
8. Coal Mill Fan
- Inlet Damper ' er?
9. Pan Amps 13e
10. Pan Damper Position H5-2-D01-POSR I3
11. Kiln Exit O, . H3-20,R l] = )4
12. Xlin Feeder Speed RPM Z O
13. Kiln Speed FPH 71
14. Max. Xiln Ehell '
A5, Coolsr Undergrats '
Alr Temp /71[_
16. Cooler Undergrats 7
Air Pregsure (
17. Material Temp E3-2-TSM #85rC
18. Gas Fuel Rate SCFH 2/
(79°F) .
19. Clinker Rats tons/hr "Clinker H2-2-BSI-INT 53
Belt Scale
Int®
20, Feed Rate tons/hr (From Operator) ~5 g
21 BA6HoUSE NLET TEMP, °F s50

Data used in calculations for data in Table 4-3.




=47 KEYED m:mt.\rxa,lmr' ’

PARTICUIATZ EMISSION CALLULATIONS
Tost Mo, _D-2 N“._E_G_‘Ih..- = tocation_Day Coumrr Lsl . Eogr _UAQ_
mit o, MV -2  rue1_Cogafiss, sampiing train and nethod _ Weruep S
Pitot Factor, ¥s__ -93 Barometric Pressure, » -, ZA39€ . B
Tot. iquid Collected, v, &5 m1  Total nrumm.u. 1t ™

lego "%'Bm'—'
Woloclty Nesd, &7_OB vy Stack Teep., T4 1008 _ox, seack hrea, Ao_ B4 ge?
: ' 3 . (L

Sanpli Volums, Vm 5%3 Stack Press., Psq -% ivg Excess O,, I'n'at R&S o

Ocrifice Press. Dife,, & .gz fwg W i 04 p.a.

Sample Time, §_\O  min moszzle Dia., Do or
By » FHUI”
Salect ¥y 0il {A) - Gll. {B] Coal (C)] Cther: &_o‘- ‘ﬁ“
o Poet/20' peu $2.2 7.4 8.2 .2 )
Press (X) if metsr is not temperitare compensated,
3. Simple Cas Volume Ve ., = 0.0334 WG, + W1¥.8) —5:40  ocr
3. Water Vapor Vg = 004UV, o 3l scr
3. Moisture Contant BWo = 3q. 3/(Xq. 1 + Xq. 2) ‘.54 .o,
b. €= 2.20°x 26°° wvvm 1.3 960 1n/necr
_ c. €= g @ x 16,08 x 30° 22.36__ grame/oecn
5. Abs. Btack Press. Fa o P, % 13.6 ¢ Pey .7 in. v ade.
6. Stack Gas Speed v--:l.unlﬁ?m A\ {4 eo/min
7. 8tack Gas Fiow a. . 8 I" m
scack Gas Tiow . O =N x 830, 28 ATS ¢oa, wacr/min
 BegedeNg. Taz Q.- D) \GAZ2R  pecr/min
6. Materisl Flowr Ne = 3. T xBq. & x 60 13 Tex it /e
$. 2, factor 2, £ » 2090/(20.9 = 30) —2%.3 y.0.
10. Emission a.lnnqoﬁshll:. ﬂﬁ-& Wl;utn
b.:-u.uanaq.ozuoo o 76d  ngfouls
UOTT x Ta(Ve_, ¢ W ) )
11. § Isokinetic gtd std’
Is al' ]
llhﬂh:b’ ,
o3¢ calculating by hands
1) Convart Tg snd Ty to "2 '
2 mitiply EQ 1 by $30/T,(*R) {2 metar 3ot tamperature compensated.
NP, =20z ar, , Data Zheet $003-4
: Revisad 2/13/78

A-69

Data used in calculations for Data in Table 4-8.




rest am w0, 5-3

INPACTOR MO. __L__crc:muo

POINT LOCATIGN - DOUMISTREMM  OF  MULTIELONE

SUBSTRATE COATING

Test No, J?

CASCADE IMPACTOR DATA SHEET

LOCATION

z onte S=7- 78 JIME 15:50

! OPERATOR

e FT )

AN E

L INKER /UW
oL COKE. GAS % _L_ALHWM

IMPACTOR ORIENTATICH

HoRIZ .

FLOW THRU IMPACTOR gm? - CcrM

FLUR STATIC PRESSURE __‘:_é__mzo.vnn.cm' £5  t/sec,

WOZZLE DIA. 2 ma IMPACTOR PRESSURE DROP I3_}-Z W, 0 o0 -rnm. -13=ff0
s po 2. &) cr START TINE 13:50
‘GAS METER START 2 cr DURATION 77
s voue 7. 20/f rioiare O, @7 cm
. WEr Buis :'f 'F :
ANGIDT TECEATURE z2 pressure 2.8, 77 m ng. HOMIDITY E X4 .

FLUE GAS MOLECULAR WT. ,m £50 %, pemsrry ' g/oc,VISCOSITY____ POISE

PP PRESS. 265 7 PMETER _TEMP U °F
Stage Rumber _ ‘| Stags
vr 1t 2 2 > > =
foils sore, s [53¢7 741 0063259834574 30677
tnused rold, 9 13 2¢77375¢1|3.23898,.45303.441¢
saple, v | 1200l0.05040.0109 |0.0044]0.0033
Correction o
for Blank, ¢
Pinal Sample, g |
PILTER NO. Sarple plank FULL CONTADIER, g
PILTER + saMmLE,q , 0922 mmm. g -
mtm' g ‘p3?7 CYCLONE ém: 9 0. 732?
SAMPLE, g 028 —
CORRECTION FOR
JBLANK, g

FINAL SAMPLE, @

A-70

Data used in Table 4-8.




TABLE 2 {(Continued)

. Btage 2
3

4
5
6

FPilter

*Any discrepancy due to rounding off should be buried
in the largest Y cummlative & smaller than

. . Symbol
% on a cup of the total sample collacted" ffctoNE..

Yq

Total

M M MMM
o AW N

a-71

D .

pe

Value

£, 98

25.92

5.£3
3.21
.28

[- Y5~

100.00%

L

Data used in Table 4-8




PARTICULATE, EMISSION Mam Test Mo._P-/

¢ No.__ 9=/ Date_ -4+ Location (Pwlf Lowrl ¢Emwvess Rogr. 4.
it e,/ L S A “toad £ -
ritot Factor, Is & : mtxie Pressure, P \ Zﬁ‘z in. Bg
Tot. Liquid Oollocted, V. 72  ml !'on:l.-?uﬂcuhn. FEE £ nga

Velocity Masd, &P__.0@ iwg Stack Temp., T&_JE€Q R Stack Aroa, As__6 £e?
Sarple Volume, Vm_Z 32 x3  stack Press., Pag_ £ ¢ twg Excess 0), W02 &
Orifice Press. Diff., §__ .6 iwg Gtack Gas Sp. Gravity, Go__/22 _ p.d.

Sanple Tims, 0 A3~ xin  Noztle Diamster, Dum S EFs™  dn:

1. sample Gas Volume Vm ., = o.oau'vncrm + BL.6) - 2955 scr
2. Mater Vapor wm = 0.0474 vu ) - E. /62 scr
3. Moisture Content Bwo = Bq. 2/(Eq. 1 + By. 2) . <4765 W.D.
‘. ooaaue;aﬁoa a € = 0.0154 o/vm | /2 @9/ _ qrains/pscr
- b € = 2.205 x 20°° a/vm, (253 127! wposcr
c. € = Zg. 4b x 16.018 x 10° SLELL  grams/DSOM
. 5. Abs. Stack Prass. Ps = B .x 13.6 + Pag 4.9/.24- i.n.vnbl.l
6. Stack Gas Bpeed Vs = 174 rs J/APTs 200 y 2200 [/99. 26 f/min
;:.suamnoun.g-v nq.sxnx;:"xw, 37/22  wscr/min
_.M b. osd = B3, 7a x (1. - Bg. 3) - 2oL MMJAUJ |
8. Material Flow Ms=Eq. O xIq. @ x 60 ) S326x ,g;'nmu.- '
9. %, factor %,£ = 2090/(20.9 = 20.W) /40,27 W.b.
}:; Zatssion a. B=12g. © x@x .9 1(.‘5'4 LEXHT _ 1yect
b.x-nq.cc:n:nq.sx;ooo mqﬁ.m‘?vjm
1. & Teckinetic . :_uonxhtvhﬂ+v;ﬂ: ‘ or 7o
BxVe xPs x Dn" . ‘
011 Gas Coal bi-w
Pe 5C Feet/10% Btu 92.2 67.4 sa.2- | 99/ 4%

s SC &unno‘ joulés 0.002475 0.0023(6 0.002636
Lote: Starbiey arfb Ffest P-r @ bigger - Brerke [Jor (o0 et 6002-4
prebe ckpipoy oy e/, OF &ras /e// low? Fbw

Olafer Sovm et
areib .

A-72

Data used in calculations for data in Table 4-8.
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Tast Ho. Z’g
Engr. é-'

PARTICULATE IHISSIFI CALCULATICHS

Test No._F°2__ Date F-/F 7¢  tocation
rel__ 4 & ‘1088 g,g z
Pitot racto:. e W L Baromstric Pressurs, r, . é!£2 in. B9

te uquid mu-cud. 1 ~ ml %Total Particulats, X 5 m » U
v.:Lod.tg Baad, AP . i dwg ltack e, Ts_Jfo R stack Arsa, As g,g: 22
s-.qh volume, Wm_7 92 t't.’ mdc Press., Pag = F. ¢ ivg Excess 03. 8 42
Orifice Pruss. Diff., X .-,gz iwg -Stack Gas Bp. Gravity, Gs__ /. 2F n.d.

tait Mo. /

. w. ﬁ-' e "é .LD Mozxls Diamater, o - lé z:t_ hc

1. Sasple Gas Volume Ve, = 0.0334 Va(p,,  + 8/13.6) Z4p7 _ scr
2. Water Vapor Y, . = 0.0474 V) . _£i978 scr
3. Moisture Contant -Bwo = Bq. 2/{8q. 1 + Bq. 2) & ®.D.
4. Concentration 8. C = 0.0154 Wo/Vm ., M 8&  grsins/Ds
b. C = 2.208 x 20°° Ma/Vm . LEZH 12077 1pfoScE
. C = 2q. 4 x 16.018 x 10° O7/99 __ qrams/oscd
5. be. Stack Prass. e = B, X 13.6 ¢ Psy oo fo _ in. v ass.
6. Stack Gas Speed Ve = 174 7s VBbTa 427 200 /272. 28 te/min
7 ::::k;c;;.:}.w . Qe - By, 6 xAs x ::" :;., 1270379 _Z wsCT/win
b. gsd = Bq. Ta x Q. -~ 2q. 3} EILE¢, § v /ain
‘8. Material Flow Ms = 29, 7 x Bq. & x 60 247142 1o/me,
9. W, factor . WL - 2090/ (20.9 = 30,%) ' _(zg_l_ﬁ._u.n..
10. ,'I:’niziga 2. ZT=Ej. b xTex Py 9 zo.%’q _ABB 7T ib et

b. B =3q. 4c x Pu.x 35, 9 x 1000 gq‘H- _FPEEE ng/ioule
2077 x TV, ¢ W, ) i
—_— &0 L 3

11. & Isokinatic

I= ]
8xVszPs xDun

[1%1 Gas Coal

s ————

re ¢ Peat/10° 3tu 92.2 - 98.2

- ' \
pu 5C weters/10" doules| 0.002475 | 0.002346 ] 0.002636

ik

qs"-lf :

Data Sheet 6002-4
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Data used in calculations for data in Table 4-8.




Test No. 7"/

CASCADE JMPACTOR DATA SHEET

BASA LI E ) R
vesT ®ON Mo. __ 7~/ “LooaTION i e Bl 78
IMPACTOR NO. / CYCLONE }0. ' / OPERATOR KA Y
SAMPLE POINT LOCATION /P57 REAM &f LLE2.0/ 74798
SUBSTRATE COATING - v N G, st woas_E Y% xivmr
IMPACTOR ORIENTATION _ VERT/C. FLOW THRD IMPACTOR ./ cm @
. . e -
PLUE STATIC PRESSURE __— 6. 4 immovEwocrry_ 22, 3 fC/ece, A Ao i ©
HOZZLE DIA. 4 mm IMPACTOR PRESSURE DRoP /Y 4,0 o rom /3. 58 E
Gas METER END /340,55 cr stare e /3 5¢ 5
GAS METER ETART /33?.&5’& ouraTIoN. = 5 zsigze E
GAS VOLDME - PLOW RATE .,/ cm :
- &
MNGBIENT TEMPERATURE __ 9.5 °r  pressre 29 /¢ m ng. muMmorTY 4 L . 3
FLUE GAS MOLECULAR WT. , e, 3/C *F, DENSITY g/ec ,VISCOSITY POISE
FLUE GAS TEA  3/0 F
’ Stage Number . Stage
1 ] 3 2 3 Blank
Foll + sample, g |4 2979 |3. 72940149 B.670%}1,/542
Unused Poil, ¢ PRANEY Y,/ 765
sample, 9| 2035 py7/),007] |.000%|.0057 l
Correction .
for Blank,
Final sample, g ’2035' L4z .elql o2 L0087
. 37
0/’6 2-80 166 /'/Z /5-; /.5
% 2 romte  35.5 g2 7 .
5.3 . § £ 3.3 . 73 Z)
FILTER NO. Sample Blank FULL CONTAINER, g _ ¢ /
FILTER + SAMPLE,q| /.2 /949 EMPTY CONTAINER, § A L1
FILTER TARE, g |/.22¢01 / CYCLONE CATCH, ..g 25570 “7.7
SAMPLE, g -0 curs ,RTE7
CORRECTION FOR 573 7%
JOLANK, g
FINAL SAMPLE, g *"@““ L e S 2.5 7.3'77.

) 60-20
N{d. Z 2 A V¥ ,%r-u.. 3/{

A~74




_.__,,_

TABLE 2 (Continued)

Symbol © Value
‘% on a cup of the total sample conécted C’.o(/ ' o q.7
| Stzge 2 Y, o5~ 39.5
. 3 73 _léﬁi_ sz
, 7 4 Y, £ 6 3. 35
57 3 5 Ys 24 1.
T 6 T 3.0 152
Filter Yq & o
Total 100.00*
*Any discrepancy due to rounding off should be buried . 100
tn the lsroest ¥ cumuistive & gmalley than D - s A lM g <
3 v. ’ 5r0.537
2.8 T, | 29.5 |14.85
/'6 I'q 23 /2. 2 £ 5;
113 L, €6 | 372
59 s 2o 157
,37 Eg —2 | e

Data used in Table 4-8.
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Test Mo. 'i" 2’

CASCADE IMPACTOR DATA SHEET

l

TEST RUN NO. q4-2 “LOCATION 7 _ DATE 5,’/3"7f
DMPACTOR MO, | CYCLONE MO, / orerator £ . PIONESSA -
exsore pOINT LOCATION UPSTREAN 0F PRI CIFITAT PR
SUBSTRATE COATING _. Mo £ rueL AT GAS  esT m_ﬁfp_ms_
DIPACTOR orpemaricn _ VER T/ AL FLOW THRD INPACTOR 25 cme
pLuE sTATIC PRESSURE _—8. 3 mn,o.v::n.cm 23.2¢€ ﬁ/M
WOZZLEZ DIA. 4 mn  DEACTOR PRESSURE DRoP /Y H,J B TDER /57
cas werer B0 3500 cr starr e __ /5 ©
cas seTer sTarr /399.£%cr DURATION . q N
GAS VOLUME - 5 = FLOW RATE J25  com
p————r R 2 e B L A a. muaorry___ 54 s
FLUE GAS MOLECULAR WT. , TB®, 307 ‘e, DENSITY g/cc ,VISCOSITY____POISE
Stage Nurbey Stage
1 2 3 3 ] Blank

rou1 + sample, § |/ )295]7.£9441,08¢ 7\4./835)4./4 35

vnused Foils ¢ 14,0777 |3 £4705(1.0 7851341 244.13/0 &
T '=====ﬁ 1
sample, 5 oyyg | okt |, 0082|0043\ .a025" : =
Correction . -
for Blank, ¢ . C
: -
rinal sample, g |,04/¢ |ot41 | .o082)0043 | 0025 e
o727 oM 0150 JOF ' :
. @
FILTER NO. Sample  Blank FULL CONTAINER, § ’ V? f{ %
- =]
rIiLTeR + snwez,g), 039Y EMPTY CONTADIER, ¢ 328
SR P cxeuos nvcn, 5 __PETE L |
SAMPLE, g 0007 ' Vﬁ}/ V/ ?
=T o | e
ronaL savete, g }000° 7 qofy

:,0I3Jf;/
‘y@‘”: O;féé_"“=”372 60-20
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TABLE 2 (Continued)

Symbol value
S on a cup of the total sample collected ay(é"“ $7:3
Stage 2 Y, . _ﬁr_o’___ 27.9
3 Y, 2/-.‘7 /.6
4 Y, | /o2 5. 1
5 Ys _;-;?_- -1
6 Yg 3.4 /. &
Filter Y, e ffa
‘ Total ~ 100.00%
sAny discrepancy due to rounding off should be buried .. | '(_ﬁav
in the largest Y cumulative % smaller than Dpc jfz, £
z 43.4 _|42-7
2 Tzt |
I, 2/.5 {11.3
I, 10.3 5.y
I -4 2.3
I, /e 2 -

A=77

Data used in Table 4-8.




Excerpts from

REFERENCE 27 (SECTION 4.0)

Taback, H. J., et al., Fine Particle Emiésions from Stationary and
Miscellaneous Sources in the South Coast Air Basin, KVE 5806-/83

(NTIS PB 293 923), CaTifornia State Ajr Resources Board, Sacramento,
CA, February 1979,

A-78




T

B. " Particulate test sat-up—

Two tasts were done on the same cement kiln operating at approximate-
1y the same conditions, and at the same position on the stack downstream of
the baghouse at sbout 100 ft above ground leavel ex the straight sacticn
lesading to the atmosphere. Natural gas was used as the fual source for the
first test, Tast 9, and coal was used for the second test, Tast 18. Ths
welocity profiles in tha stack for the two tests are listed in Tabls 4-41.
Velocity points greater than 72 inches were not able to be measured for
Test 9 and velocity points greater than 121 inches were not able to be
measured even with the pitot tube extension for Test 18, Note that for Test
18, coal firing, tha msan wvelocity in the stack is scmevhat higher than the -
ges fired Test 9, This is as axpectsd, considaring the additional air
needed to stoichicmetrically combust the coal to produce the same Btu value
as natural gas for operating ths prucess. For both tests the SASS sarpling
train was used with a 5/8" nozzle at Velocity Point #4.

c. Particulate Test Regsults—

The results of the two tests discussed in this section are listed in
Taple 4-1. Major elmnm composition, sulfate, nitrata and carcbon
&nalysis were detsrmined for nll fractions of particulate catches which
contained weights in excess of 100 mg. The details for thesea procedures
ara discussed in Section 3.2.2, Tablez. 4-42 and 4-43 list the results
from this andlysis.

D. Discussion of Rasults--

1. ‘Particle sizp distribucion—Fiqure 4-31 is a plot of particle size
{um} va. accumulated weight percent, the latter plottsd on & probability
scals as sxplained in Secticm 3.2.3 B. Two Surves ars presented, cne.
uclﬁding the impinger catch, and ths other ignoring it. The size distridu-
tiocn curve for both tests ignoring the mpihgu cactch are idantical. However,
when thae impinger catch is included the curve shifts to the right; more sO
for the coal firing than gas. The breakdown of the particla size distridbu-
tion including the impinger taken from Pigure 4=31 is #8 follows:

Percent of Particles

>10um 10=3um 3~1lum <lum
Tast 9, gas fired . 8 32 40 20
Test 18, coal firead 8 24 34 34

A-79

Data used in Table 4-10.




The mean particle size, including the impinger, for Test 18 is 15um and 23um*
for Test ?; imnoring the impinger catch it is 27um for both tests. These re-

sults are similar to other size distribution data available in the literature

(Ref. 4-13 and 4-14).

2. Chemiéai Composition=-- Tables 4=4 Y
the chemical analysis of the particulate fraction for each of the tests
discussed in this section. Calcium is the most predominant species, as one
would expect. Carbon is second most abundant. Its origin is most likely
from the uncombusted fuel. The concentration of carbon is slightly more
for coal firing than natural gas firing. Sulfate is third most abundant and
tends to concentrate in the impingers. As expected, sulfate concentration
is higher for coal firing than gas firing, due to higher sulfur content of

the fuel. Nitrates also tend to end up in the impinger. Iron and potassium

2 and 4-42 list the resulte from

are in the range of 1% of the total particulates. All cother elements listed

were detected in trace amounts.

3. Emissions and enission factors—Emissions and emission factors can
be listed with several different units. The following lists some of these
emissions and factors based on these two tests alone.

Test 9 (gas) Test 18 (coal)
gr/DSCF 0.0056 0.0093
T/YT 22 48
1b/hr 5.9 ' 12.5
1b/t~n produced : 0.21 — 0.43 }
1b/bbl produced 0.041 _ 0.084 )

4.2.7 cCalcination of Gypsum

Gypsum is a mineral that occurs in large deposits throughout the
world, It is hyarated calcium sulfate, with the formula Caso4-2nzd. When
heated mlightly, the following reaction occurs:

Cas0,"2H,0 + CasQ,*1/2 H,0 + 1-1/2 H,0(g}; AH = +19,700 éal.

A-80 KVB 5806-783

Data used in Table 4-10.



REFERENCE 30 (SECTION 4.0)

Stack Emissions Survey of Lone Star Industries, Inc., Portland
Cement PTant, Maryneal, Texas, FiTe No. ER'795-09 ‘E‘bT‘@y
Audits, Tnc., Dallas, ‘TX“September 1979,
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. SUMMARY OF RESULTS

Kiln Baghouse Number 1

Run Number 1 2 3
Date 27 Sep 79 27 Sep 79 27 Sep 79
Time 1255-1355 1455-1555 1650-1750
Preheater Flow Rate - ACFM 70300 69200 69200
Preheater Flow Rate - DSCFM* 25600 25700 23900
Baghouse Flow Rate - ACFM | 128000 87100 95300
Baghouse Flow Rate -DSCFM* 80300 53100 51500
% Water Vapor - %Vol. 7.55 6.80 5.73
$ CO; - %Vol. @ Preheater 23.8 19.0 17.6
¥ CO; - %Vol. @ Baghouse 7.6 9.2 8.1
Baghouse Particulate 0.00281 0.00225 0.00280
Concentration - gr/dscf

| Baghonse persiculace
Kiln Feed Rate - Ton/hr 36.5 39.0 40.4

Data mentioned in Section 4.1.9 and used for

EA 795-09
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SUMMARY OF RESULTS

Kiln Baghouse Number 2

Run Number 2 3
- Date 28 Sep 79 28 Sep 79
Time 1550-1650 1735-1835
Preheater Flow Rate - ACFM 71300 71000
Preheater Flow Rate - DSCFM* |  ods00 26300
Baghouse Flow Rate - ACFM 80300 138000
Baghouse FIow Rate -DSCFM* | 48600 - 84900
% Water Vapor - %Vol. 6.65 6.56
% CO2 - %Vol. @ Preheater 19.6 25.2
% cop - WWol. @ Baghouse 10.7 7.8
Baghouse Particulate 0.00642 0.00453
Concentration - gr/dscf
, I
Saghosse Particulate e
I Kiln Feed Bate - Ton/hr 34.8 36.1

Data mentioned in Section 4.1.9 and used for calculations in Appendix E.
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" SUMMARY OF RESULTS

Run Number 3 4 5

- Date 26 Sep 79 26 Sep 79 26 Sep 79
Time 1041-1141 1255-1355 1510-1610
Preheater Flow Rate - ACFM 76200 72700 74500
Preheater Flow Rate - DSCFM* 28900 27200 27000
Baghouse Flow Rate - ACFM 82100 81600 91600
Baghouse FIow Rate -DSCFM* _48700 47700 §2100
% Water Vapor - %Vol. 5.70 6.08 7.56
% CO; - %Vol. ‘e Preheater 19.2 18.8 21.0
% CO; - %Vol. & Baghouse 11.4 10.7 10.9
Baghouse Particulate 0.00840 0.00824 0.00782
Concentration - gr/dscf

rh_;aghouse Particulate 3.50

Emission - 1lbs/hr

—

Kiln Feed Rate - Ton/hr

40.1

Data mentioned in Section 4.1.9 and used for calculations in Appendix E.

EA 795-09
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REFERENCE 31 (SECTION 4.0)

Hurst, W. W., Gas Process Survey, Roanoke No. 5 Kiln System,
Lone Star Cement, Inc., Cloverdale, VA, October 139/5.
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W. J. Cavanaugh -2-

November 1, 1979

Results showed average conditions for each Kilmn System as

Opacity

follows:
Location Temp. Volume ( Emission )
Kiln Stack Of ACFM Lbs/Hr
. eg Yo I
1l 401 65,700 28.4
2 Postponed
3 420 60,700 23.6
4 413 70,900 28.9
5% 332 288,600 1Y 70w 38.4
5 %% 326 192,000 (. '{o 20.3
5 kxk 296 $ 86,650 rd'ogo 12.2
Tagt S

* No Gas Bypass
** Gas Bypass to one Raw Mill
**¥ Gas Bypass to two Raw Mills

Lear Siae.

34

25
31
14
14
11

Respectfully éubmitted,

Wt b~

. W. Rurst, P. E.

WWH/tab

Data mentioned in Section 4.1.10 and used for calculations in Appendix E.
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Excerpts from

REFERENCE 32 (SECTION 4.0)

Mease, M. J., Test Report Stack Analysis for Particulate Emission,
Clinker Coolers/Gravel Bed FiTter, Mease Engineering Associates,
Port Matilda, PA, March 1980.
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Liaxiory Pardiculate Lmisosionug
Pryor, Oklahomn Gravel. Bod TFiltor.
S Yogo Throe :

EMISSIONS SUMMARY

Run #1 ' Run #2 Run

Xiln Feed Rate, Tons/Hour 148.8 148.8 148.8
Clinker Feed Rate, Tons/Hour 83.8 83.8 83.8
Allowable Emission Rate,Lb./Hr.

(EPA Regulations) _ 1.9 14.9 14.9
Allowable Emission Rate,Lb./Hr. 117.7 117.7 11737
. {State of Oklahoma Regulation) :
Actual Emission Rate, Lb./Hr. .

(Front Half of Train) 14,8 13.6 12.91
Actual Emission Rate, Lb./Hr. ‘

(Entire Sampling Train) 15.2 14.8 13.9
Particulate Concentration, |

Grains/SCF .

(Front Half of Train) 0012 0.011 0.011
Particulate Concentration, -

Grains/SCF '

(Entire Sampling Train) . 0,012 0.012 0.012
Particulate Concentration,

Grains/ACF .

(Front Half of Train) 0.008 0.008 0.007
Particulate Concentration, )

Grains/ACPF '

(Entire Sampling Train) 0,009 0.008 0,008

Data mentioned in Section 4.1.11 and used for calculations in Appendix F.
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OKLAHOMA I'ROCESS DATA

REXNORD GRAVEL BED

FOR

Process Wt. Table
Clinker Production 83.8 Tons/Hr

: TOTAL KILN
KILN #1 RILN #2  KILN #3 FEED RATE
Raw Feed Tons/Hr 40.2 " 40.9 51.9 133.0
" Coal Feed Tons/Hr 4.5 5.1 6.2 15.8
TOTAL FEED RATE 44,7 46,0 58.1 148.8
Clinker Prod. Toms 25.3 25.8 32.7 83.8
Cooler Feed Rate Okla.
Allowable Emissions
Clinker Coole;
EPA 0.1 Lb/Ton kiln
Feed with Coal 14.9 1lbs/hr
Oklahomz Allowable - .
38.%- 38.6 40.7 117.7 1bs/hr

Production rates are during time of testing 11 a.m. to 6 p.m. 3/25, 1980.

Representatives present during time of test were - GCA representing EPA,

Dr. Joyce Sheedy, Oklahoma Air Control, Chris Raymer, Kaiser Engineers.

Data mentioned in Section 4.1.11 and used for calculations in Appendix F.
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REFERENCE 33 (SECTION 4.0)

Source Emissjons Survey of Oklahoma Cement Company, Kiln No. 3
Stack, Pryor, OkTahoma, Mullins Environmental Testing Company,
Addison, TX, March 1980.
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cl

I

SUMMARY OF RESULTS
Kiln Number 3 Stack
Run Number 2 3 4
Stack Flow Rate - ACFM 127,830 128,487 125,015
Stack Flow Rate - DSCFM* 70,239 70,405 70,003
% Water Vapor - % Vol. 6.7 7.0 6.0
% COp - % Vol. 11.0 12.4 12.4
% 0 - % Vol. 13.7 13.0 13.2
% Excess Air @ Sampling Point 219 192 203
Particulates
Probe, Cyclone § Filter Catch

grains/dscf* 0.011s 0.0109 0.0102

grains/cf @ Stack Conditions 0.0063 0.0059 0.0057

ibs/hr 6.9 6.6 6.1

Total Catch

grains/dscf* 0.0580 0.0574 0.0639

grains/cf @& Stack Conditions 0.0318 0.0313 0.0357

1bs/hr 34.9 34.6 38.3
Kiln Feed Rate as Provided by -
Oklahoma Cement Company - tons/hr 58.5 58.5 58.5%
Allowable Emission Rate
State of Qklahoma - 1bs/hr 46.1 46.1 46.1
Emission Rate - lbs/ton of kiln feed 0.118 0.113 G.104
Allowable Emission Rate - EPA
40 CFR 60 ~ lbs/ton of kiln feed 0.30 0.30 0.30
Sulfur Dioxide Emissions - 1bs/hr 26.9 5.3 5.3
* 29.92 “Hg, 68°F

Data mentioned in Section 4.1.12 and used for calculations in Appendix E.
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PRODUCTION DATA FACTORS

During Joy Baghouse Emission Test

Production Rates - For eight hours operation 11:00 a.m. - 7:00 p.m.
(3-28-30)
#3 Kiln

Raw Feeder Counts -

4i5.1 + 8 = 5Z.5 tons raw per hour
52.5 tons/hr x 0.63 = | 33.1 clinker tons/hr

Coal Feeder Counts -

47.89 = 47.89

3 = 6.0 Tons coal/hr used

Total kiln feed rate 58.5 tons/hr

Data used for calculations in Appendix E.
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Excerpts from

REFERENCE 36 (SECTION 4.0)

Arlington, W. D., Compliance Stack Test, Lone Star Fiorida, Inc.,
Report 276-S, Cooler No. 3, South Florida Environmental Services,
Inc., Belle Giade, FL, July 1980.
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DATE OF TEST

EMISSION RATE -(LBS./HR.)

ALLOWABLE EMISSION RATE (LBS./HR:)
EMISSION RATE (LBS./TON OF FEED)
ALLOWABLE EMISSION RATE (LBS./TON)

PERCENT ISOKINETIC

RUN 1 RUN 2 RUN 3  AVERAGE

7-9-80. 7-9-80 7-9-80

11.68 20.81 18.46 16.98

17.03. 17.03 17.03 17.03
0686 .1222 .1084 .0997

.1000 . .1000 .  .1000 . .1000

92,37 93.70 92.65  92.91

A-95
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Excerpts from

REFERENCE 39 (SECTION 4.0)

Mullins, B. J., Source Emissions Survey of lLone Star Industiries,
Inc., New Orleans, Louisiana, Mullins Environmental Testing
Company, Addison, TX, November 1981.
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SUMMARY OF EMISSION TESTS

New DOrleans

November 9ch - 13, 1981

Kiln Ne. 1 Xiln No. 2
Stack Flow ACTM 252076 229817
Stack Flow DSCFM 125468 112262
T Water Vaper 1IVol - 23.2 22.8
Particulates Front Half
Grains/Cf @Stack Conditions 0.0085 0.0088"
| Enissions 1bs/hr. 18.33 17.4
Kiln Feed Rate 94.0 {la.) 83.0 (EPA)
Allowable Emission Rate lbs/hr. 50.7 (La.)
‘1lowable Emission Rate lbs/hr 24,9 (EPA
Sulfur Dioxide Emissions lbs/hr.
Allowed by Louisiana State 325 - 340 325 - 340
Sulfur Dioxide Emissions by Test lbs/hr. 254.5 95.4
1bs/hr ppm 1hs/hr ppm
. mmonium 1bs/hr - ppm 1.51¢4.78)% § 2.67(7.7)%[0.77¢3.94)* |1.3(7.3)*
“hlorides lbs/hr - ppm 23.9 33.7 15.5 25.0
Potassium Ibs/hr - ppm 2.02 2.67 2.00 2.3
jodiun 1bs/hr - ppm 2,27 5.0. 2.06 5.0
Sulfate 1bs/hr - ppm 16.3 11.3 7.3 5.3
Data mentioned in Section 4.1.14 and used for calculafions in Appendix E.

Pounds of NM3 picked up in the first impinger had already began te form
compounds with 505 and Cl. T
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Kiln Number 2 during emission testing was 83.0 tons per hour. Cecal is

not considered part of the process weight under EPA Regulations.

Identity of Emissions

“Emissions from the process are fine particulates and combustion gases.
Coal is used as a socurce of fuel which éontains some sulfur; conseguently,
the cﬁmbustion gases are a mixture of water vapor, oxygen, carbon dioxide,
and sulfur dioxide. The particulates are composed of calcined or semi-

calcined aragonite and clay.

Plant Operation

Plant operations were normal except for a time when the induced draft
fan cut out on Kiln Number 1. Emission testing was discontinued until

the Kiln was back to normal operations.

PRODUCTION DATA DURING TESTING

& ’ Allowable

Raw Feed Coal Feed Total Feed Emissions

(tons/hr) {tons/hr) (tons/hr) (1bs/hr)

Louvisiana

Kiln Regulation
Number 1 83.0 11.0 94.0 50.66

Kiln EPA Regulation

Number 2 83.0 11.0 83.0 24.9

Kiln Number 1 Under State Regulations
Kiln Number 2 Installed after 1971, therefore,
must abide hy EPA Regulations.

Data used'for calculations in Appendix ‘E.
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REFERENCE 40 (SECTION 4.0)

Hurst, W. W., Stack Eﬁission Survey and Precipitator Efficiency Test-
ing at Bonner Springs Plant, Lone Star Industries, Inc., Houston, TX,
November 1987,
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TAELE T-1
BOWNER SPRINGS STACK EMISSION SURVEY

PARTICULATE EMISSION RATE 1981
EXHAUST GAS PARTICULATE EMISSION RATE

Run Test Temp. Volume Grains/ ibg. fSCE‘_6
No. Location Date "F. - _ACFM . SCF Dry Dry X 10 Lbs./Hr. Ton/Day
1 No. 4 Stk. 9-8 -_— —_— -— _— -— —_
2 " " 177 75,900 0.1642 23.5 53.0 0.64
5 o 9—9 772 64,100 0.0741 10.56 19.7 0.24
6 " " 769 72,900 0.0690 9.9 21.2 0.25
9 " 9-10 176 %6, 700 0.0623 8.% 18.0 0.22
10 " " 768 67,200 0.0764 10.9 21.0 0.25
15 " §-11 766 63,500 .0955 13.6 25.9 0.31
16 " ' 768 55,500 0.0222 3.2 4,7 0;06
AVERAGE ' 771 66,500 0. 080-5 11.5 @ 0.31
71 No. 2 Stk. 9-21 695 99,300 0.0308 4.4 16.3 0.20
2 " 9-21 692 105.&.00 0.0748 10.7 40.6 Q.48
27 " 9-22 668 96,100 0.0206 2.9 11.6 g.14
28 " 9-22 666 100,900 0.0301 4.3 18.4 0.22
33 " 3-23 635 90,300 0.0177 - 2.5 10.0 0.12
34 " 9-23 635 85,100 0.0199 2.8 o 108.7 W13
39 " 9-24 677 108,900  0.0340 T4l 20.4 0.25
40 " 9=24 676 110,600 0.0329 4.7 20,1 0.24
45 " 9-25 680 103,700 0.0607 8.4 34.4 0.41
46 " 9-25 679 111,400 0.0351 5.0 21.0 0.25
51 " 10-5 720 114,700 0.0240 3.4 13.1 0.16
52 " 10-5 724 118,400 ) 0.1080 15.4 62.6 0.75
57 " 10-6 734 119,000 0.0788 11.3 44,8 0.54
58 " 10-6 734 127,200 0.0488 7.0 29.0 0.35
63 " 10-7 702 102,600 1.0470 147.0 531* 5.8
64 " 10-7 703 97,400 0.6930 99.0 352% 4.2
AVERAGE - 6B8 105,700 0.1472 20.8 77.25 0.93
«Average not including Runs 63 & 64 0.042

Data mentioned in Section 4.1.15 and used for calculations in Appendix E.

-
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TABLE T-1 {(Continued)
BONNER SPRINGS STACK EMISSION SURVEY

Data used for calculations in Appendix D.

A-101 -

PARTICULATE EMISSION RATE 1981
EXHAUST CAS PARTICULATE EMISSION RATE

Run Test Temp. Volume Grains/ Lbs. ISCI"_6

No. Location Dace *F. ACTM SCF Dry Prv X 10 Lbs. /Hr. Ton/Day
67 No. & Stk. 10-8 734 70,500 .1032 14.7 32.2 .386
68 No. 4 Pptr.10-8 722 106,100 5.469 781 2613 3.4
73 No. & Stk. 10-9 742 75,500 0.0413 5.9 12.5 15
74 No. 4 Pprr.10-9 795 80,200 7.960 1137 2.391 28.7
77  HNo. & Stk. 10-22 758 4,900 L0177 2.5 5.5 .06
78 Ne. & Pptr.l0-22 780 71,600 6.804 972 1864 22.4
83 No. & Stk. 10-23 751 74,700 .0183 2.6 5.8 .06
84 No. 4 Pper.10-23 761 74,400 6.446 920 1940 23.3
AVERAGE = Stack 746 73,900 0.0431 6.4 14.0 0.17
AVERAGE - Pper. 765 83,000 6.67 953 2202 26.4
g7 No. 1l 11-2 638 47,200 0.0092 1.31 3.0 .04
g8 & 4 11-2 638 52,300 0.0167 2.39 6.0 .07
89 Cooler 11-3 635 48,400 0.0024 0.34 - 0.8 .01
g0  Stack 11-3 637 52,100 0.0039 0.55 1.4 .02
91 " 11-4 §71 51,100 0.0027 0.39 0.9 .01
32 » 11-4 672 57,600 0.0034 0.48 1.3 .02
AVERAGE 649 51,500 0.0063 0.91 2.2 %]

135




Date
1981

9-3
9-9
9-10
9-11

9-21

9-22

9-24

9-25 ~

10-5

10-6

10-7

TABLE T-4

BONNER SPRINGS STACK EMISSION SURVEY

RATE PRODUCTIQN AND CONSUMPTION 1981

Fuel Used Raw Mix Used Clinker
System Under Coal Moisture Ton/Hr. Slurry CaC03 Produce:
Tegt Lbs/Min. 4 Dry Moise - X 4 Ton/Hr.
No. 4 Kile Stk. 156 8.0 31.0 34.7 79.2 16.8
" 146 6.1 31.0 5.0 79.2 16.9
" 150 8.0 31.4 4.5 79.3 17.0
" 150 7.1 32.0 35,1 79.2 17.4

Mo. 2 Xila Stk.
Kiln 1-24 Hr. 83 7.4 17.86 34,1 80.3 9.92
Kiln 2-24 Hr. 88 7.4 17.17 3.1 80.3 8.54
Kiln 3-0 Hr. -— —_ - - - -
Kiln 1-0 Hr. -— - . — -— -— —
Kiln 2-24 Hr. 84 5.8 16.72 4.5 80.4 9.29
Kiln 3-0 Hr. — -— - — -
Kiln 1-OHr. —_— - — -— - _—
Kiln 2-24 Hr. 8s 6.5 16.88 34.0 80.3 9,38
Kiln 3-12 Hr. 90 6.5 15.61 34.0 80.3 8.67
Kiln I-0 Hr. -_— -— -— - _— -—
Kiln 2-24 Hr. 84 8.0 17.17 34.1 80.3 8,54
Kilan 3-24 Hz. 50 3.0 15.88 34.1 80.2 $.38
Kiln 1-0 Hr. -— — -— — — ——
¥ile 2-24 Hr. 84 7.8 17.61 34.0 80.3 9.67
Kiln 3-24 Hr. 77 1.8 16.96 34.0 80.3 9.42
Kilan 1-24 Hr. 87 7.2 18,23 33.8 79.9 10.13
Kiln 2-24 Hr. 88 7.2 17.69 33.8 79.9 9.83
Kiln 3-20.5 Hr. 80 7.2 17.53 33.8 79.9 9.75
Kiln 1-20 Hr. 89 7.5 18.18 34.3 79.8 10.10
Kiln 2-24 Hr. 87 7.5 17.26 34.3 7.8 9.59
Kiln 3=23,75 Hr. B4 7.5 17.21 4.3 79.8 9.56
Kiln 1-18 Hr. as 7.0 16.31 34.1 719.7 9.06
Kiln 2-23 Hr. 82 7.0 17.14 3.1 79.7 9.52
Kiln 3-24 Hr. 84 7.0 16.43 3.1 79.7 9.13

calcultations in Appendix E.

Data used for
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TABLE T-4 (Continued)

BONNER SPRINGS STACK EMISSION SURVEY

RATE PRODUCTION AND CORSUMPTION ' 1981
' Fuel Used Raw Mix Used Clinker
Date System Under Coal Moisture Ton/Hr. Slurry CaCO3 Produce
1981 Test Lbs/Min. % Dry Moist - X % Ton/Hr.
10-8 No. 4 Stack & 151 B.3 31.3 33.9 79.7 17.0
Pptr. Input .
'10-9 " 150 7.8 ‘ 30.7 33.7 78.6 16.7
10-22 " 154 8.0 30.6 35.3 79.9 16.6
| 10-23 .o 155 7.8 30.1 35.0 79.9 16.7
11-2 No. 1 & & *150 8.5 ’ 31.1 33.7 79.9 17.3
Clinker Cooler
Stack
o 11-3 " 130 7.2 29.0 34.1 79.8 16.1
. 11-4 " 149 7.7 30.8 34.4 79.6 17.0

Data used for calculations in Appendix D.
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Excerpts from

REFERENCE 42 (SECTION 4.0)

Hansen, M. D., and J. S. Kinsey, Characterization of Inhalable
Particulate Matter Emissjons from a Dry Process Cement Plant,
Volumes I and II, EPA<600/X-85-332a and 332b, U. S. Environmental
Protection Agency, Research Triangle Park, NC, February 1983.

A-104




“LL-¥ @1qel uL pasn 9(qed s4ijul

*ITYS PAeI8 URY] £23] 03213 ayreTnemd

..uouunduo_l.uuuorn—e J30302 aapyaajja Yo = (wl) azys 09

ueyy ssa] L om)

9

‘smwadypte ydea v = o «
0°T > (3 141 82791 'z 8'0y8 | 95Ty oL°9 L6l CETLY st 1 13 6% 9°st 9°6L9°1 y-9-1
£6°% > et 6L° 61 €6°1 S 989 19" 8¢ o'y 9°6%T  60°5Y €t 1ot 00 LY {T st 0°8%6"1 y-C-1
6°1 > £79¢L L1 A (4N} T°98L [0°1% €9 1°0SE 0§79y Yyl 0°6S 9Ty €1°91 £yl y-2-1
61't > g 0%y 9L 1t 612 %286 1°9c %9 £ L9 9E°sYy so-zt %18 5Ly 95°L1 T°i80'1 -1-1
L1 I 618t 59" 61 €0°? v 19 2TTYS 0z'9 6°19 6" LS se-tt 879t L1°6S 48°S1 g i6L £-%-1
68°1 > 0-602'1 {6°8T 69°1 Lty 357 6€ 0z'9 AL S S | 2Tt 66l 89°6% 65°S1 L7660°C £-€-1
gt > L'i59 et L8°1 9°190°1  09°%E "9 T'yly  EL6°IY Lz 6°SEL {9°sy T9°§1 "6°669'T €-T-1
66'1 > 9} T4 0z's 66°1 L2EA T B0 BT 4 4 w09 0°EBE  61°TE il Y L6 $6°Le Y-St $'659'¢ €-0-1
(i LTee €58 3 B 4 z'168 BETIE Si'9 B'y9T 19°(t yeo il Lt 15°6€ 19761 (38119 4 T-7-1
s1°'t » % 689 ys gl si°e ST 6% L9°0¢ 9 S Liz  60°8C 6t oSt ooy 18°st yrLze'e z-c-1
8Lt > 0° %62 69°'9 81 9°6(9 19°9¢ 9 o loz 6L'ov 6211 €Ly BL°TY 99°61 0°LE6" 1 z-T-1
W0z > 9 e t6'g Fd) 4 9'610'L  0S°SE ‘29 S°60L  9S°EY sttt (AN 4] 6975y €8 st 9°980°2 z-1-1
> 0°vEs 99°91 £0°2 0816 10°SE 18°s €99t It'oy £Lrol 918 S6° 1Y UM %" 506'7 I-%-1
T > Uset TL' 9t T 0°986 30" €L i6°s 946t 99°0% o't [ 4] 9z iy gc" st S E00'E 1-e-1
i1 o> STi6e BE°S i 0°0E0'L w9 co'9 L 5762 66701 ol ¥8°0¢ L6yl AL LT S t-2-1
£e't > 9 18S 6762 %1 4 9°92$ o' LS 86°% L'a09 it 09 %0 L 87 0% 1723 62°S1 9 1L 1-1-1
{uwl) (3u) ueyy (erl) (3u) ueyy (wrl) (3w) uwyy (wd) (3w neqy (uwrl) () 13qumu

@¥zyy 03g BgYy 1 mng az1y 03g ssey Y -wn) azis 0%g gssuy § "wnpy  ezys 09g ssey 1 -wmy azfe 05g ssvp uni
g a awopaiy 7 29eg 1 ¥a%e1g auofak)y wil ©) IzZY1S
. U—Um.—hlk

VIVQ ONI'TIHYS LSAL dZ1S F'101J4dVd HOLOVJHI LA'INI mm:o=o<m T1d0-0T NTIA § "ON  °Z-€ d19Vi

A-105




“¢l-v @1qel ut

pasn a|qe}

3u17u3

‘AZIS po1els veyl s33] Wan1ad saprenund = ueyy 883] Y -wny

2

T92313W0AV W JIJFWEIP JJOINDI 2AFII3FIP Lus = (wd) azyg 0%y a

reweld 1w 1yFrom jou = Bw v

9%°0 > a0'o 00°0 95°0 0070 00°0 90 [4: 1 9L [ AN 'L SS9 09°¢ L9 -%-0

95°0 > LA £yL 9570 0°e {57t oo 69"y 11 M & 8Z°1 (A} 88705 9°7 06°S z-t-0

S50 » 00’0 00°0 SS°0 0070 00°0 90 5! 4 39711 9271 6°S S0°9¢ 957 9€°9 T-1-0

{(5°0 > 00’0 00°'0 is'o 00°'0 000 gL°0 't it 1 [ | 84’9 {8'8¢ $9°¢ et Z-1-0

8570 > 2L 1776 8s'0 670 g, 60 6y'y VIR [ e il og' Y 0Lz 9L 1-%-0

i5°0 > €00 0z'o i5°0 00°0 LT 8L'o oo e o€ 1 £5°0 8E 61 "9°Z yt'e 1-C-0

95°0 > ve°l 82°6 929%°0 00°0 B8l'6 o 96°0 €1yl 8Tl 83°¢C 69°%¢ 19°2 80°% -2-0

S50 > Bz 0 €T°1 €50 oo Lz 9’0 81z 8ol et 1s°S 9Z°s¢t 65°'Z %S t-1-0

(wil) (3w) ueyy () (3wm)- uryy (wd) (3w) ueyy (ed) (8w) ueyy (mt) (3w) TON B
az)s ssey E§3| azys gsey 883 2218 ssely $391 atis sgey 883 azie ssey azis

_sg X _wn) 0% %L ran) 0%q %_wn) 25g X_-wn) 95g aratyaey

I Y £ a%eig - T 9 2%e3g ||. < »%e1g y a¥e1g B

crey LU S 1 R K| 0S¢ 10°9 957 ¢ INANA 688 000 €228 'y g0'0 €T°78 £9°s1 859 Z-%-0
w4 99 ol o'z 179t S0°9 0971 107189 S6°8 00°0 10°18 eyl Ltz'o 13- 1g°st {6°S .e-t-0
TR A S0y 49t [4 MY 96°S o't LYy 88 00°0 £y ye eyt oo’ £y 98 LAY | gL'e -2-0
12765 9l°y oY Y69 () £y 1y 10°6 G1°0 YL %8 95" %1 000 YL°%e U 91 19°% Z-1-0
S6° 49 £y 16°¢ oy (WA 622 LS'Lg 1Z2°6 {tL°o -ee 6Lyl oL’ 6%° L8 9€°91 we'y E~9-0
981y Y'Y 7870 vy 19 LY 1 6% L6 000 Zi'6Yy 0s° 1 200 ST 6y 66°51 8yt 1-£-0
8z €S oLy 187z S99 709 9L°1 £l°st £6'8 90°0 ty st ey 000 Yy st L9°51 8y 1-2-0
%09 90°Y 6T°¢T By 0L 86°S et 9l 8’8 00’0 [ X7 S wn %00 a7 9L 29°s1 ge’s L-1-0
(unl) (3uw) uelq (unl) (8w) uely ‘ (verl) (Bwm) uEy (o) (8mw) Jueq ._A_u_._v nAwn& TON un
Sk | az1s ssey 592| azis ssey EERT] azys ESEl s5a] azys ssey 28] azrs ssep 2218
% cemy “%q % jan) o%q % ong 05g L_un) 0%y . B bk S ELRBL
e, €3G CTTTpASeng T TTTTTITR@ENg T 0 #3E15 _ suopRpml 61

VLVQ ONTIdHVS LSIL WI0LLYVd HOLOVJHI 1ALILN0 USNOHOVYE NOWHOD NTIN 6 -ON

Th-t A4V

A-106




"¢¢-t 379vYL NI Q32n0CddId 319vL J4IINT

"ancy 13d spunod ‘ujyy ¢ ‘oj Wo3] suciEEIND |e103 03 PaIIANICO ANl uoyRg|wy

“33npoad jo uoy a3d spunod = Boy/q)

TUIR3Y C POYIFY V42 U YA PIUIRIGO WINP 3143 UCESE|BI Beow |e30)

“103029da931d wi ¢ y3)m 203dwdmy gEo) uIsiapuy ve YijA PIVERIGqO FISP 1837 IT|Y F[I[YIwg

on wol 1] D1 0%z L1 oon'e alvaany w103
vyl 80§ oy 31 0%z €5 ool'g alwaany
£y Lot Ly 0€T 3 0oLt y-9-1
€0l 16 €S (114 €€ 0o’ »-c-1
(14 (%3] 'L ) oz €C LT v-T-1
zI cot (2 oy 5€ ooc'w g-1-1
141} col &7 ne oz €€ oot'y - almaanry
SEL ICE o9 i1/ (1% o0l €-9-3
601 zot a9 ot €€ ooy L €-C-1
44| 4]} " 0z £E 000'6 £-2-1
19 St oz . oy %€ . (7] £-1-1
sol 11 ic [} [ 14 L] 008'9 AWei1any
06 1] 9 0ET SE ool'g z-%-1
13 6 oS (114 4 9t o00's 2-€-1
1£1 (%2] (1] . 113 (8% ooC ot t-2-1
66 6 (14 oz 114 009" ¢ T-1-1
oil €ot 0s [ 092 vE 008’9 Weaaay
96 26 iy ore st ool'g 1-%-1
g0l 001 ty (1194 9E 000'6 -€-1
i 06 ot 0lE (43 oL’ ol 1-t-1
L1 1€1 61 114 ve 009°L 1-1-1

(voi/qy) {uod/qq) (uo3 /1) ‘Juos "GgERM |€30) O {vo1/q)) {Iq/uny) (29/q1) Jagquny uni

i g G§ =i g o1 L™ [ 34 TIUNGI Ujed) Az§E 20180} vojenjma aywz nh TIY I «n_- aapraeg

1G] E10})2R] uojes)Ey - agspysud Jo opyey uien jeyop U0y JInpoIg a e {wjo]

HOLOVdHI ONV SSVH TVLOL MO qasvd

v

ad

NOILNYUTHLS 1A dZI1S
O0LIV4 NOISSIHZ LWINL HSOOHHVH NILY § *OH

- A'MMVL

A-107




‘€2-% 3718VL NI 032n00dd3d 318VL FYILNT

*3anpoad jo uoy 13d spunod = woy/q]

[ 4
-anoy 1ad spunod *asnoyBwq §132-£ pur Enoyieq [[32-01 JO FIF] GOJEM|EDI EEWE |¥IO] 2
"u§eay L[] POYIAM YA Ut YA pAU]EIqO SEP FIE] UOEE|EI EeEW [¥}OL q
- 203sandavard wi §) GIfA A0jaedm) [ NAWR UISIIPUY uUS QI|A PIVIRIQO EIRP I8I] IXFE S[I|1Ieg .
S
L o 69°0 0E°0 65°0 mwo L ot als13ay jejoL 1_..
06°0 980 o %o €01 € "€ a%waaay <
y0°1 t6°0 1£°0 [ L} 1 19 T-%-0
o't 1o°1 i9°0 L2} 1% Iy T-t-0
90 oo t£'o 16°0 (14 ot T-T-0
oL 0 69°0 (¥ ) 14 ] 13 i {4 I-1-0
¥$'0 s o €20 09°0 %i'o . e L 1 alwiany
t9°o 09°0 ot o 140 112 1 4 . I-%-0
9’0 st'o £Lo : ti'o 9t 9 [-€-0
95’0 o it o o 113 114 1--0
15°0 09’0 tt'o 6i°0 18 T 1-1-0
(uorfq1) (voa/qr) (wo3r/qr) TIuoD cEsTw [8703 03 (uor/q} (1y4/u03} (y/q1) o S Uil
[ )] 0'Sl wl 001 ¢ ()] L' A "G Ujel} 2258 ..—Ouwlu HojeTiNa 21n1 ﬁa.wu QO NE s IX)E afajyamg
lo] mi63dw] dojusiwy agstramd jo ojqwy sarm wyop vofIInposy 1 yaem 101

NDLLNETHLSIU HZIS HOLOVAHL ONV
SSYH 'IVIOL NO G3SVH SY0IOVJ NOISSTWA 13711N0 ASNOHOVE ‘T13D-00 NTIM § "ON °¢-C A8Vl




Excerpts from

REFERENCE 43 (SECTION 4.0)

Lonnes, P., Results of the February 17 and 18, 1983, NSPS Particu-
tate Emission CompTiance Test on the No. 8 Kiln at the Lehigh
Portland Cement PTant in Mason Tity, Towa, Interpoll, Inc., Blaine,
NN, Warch 1983.
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Data mentioned in Section 4.1.!7 and used for calculations in Appendix F

Table 1. Summary of the Results of the February 17, 1983 Particulate Emission
Compliance Test on the No. 8 Kiln Cooler Stack

Run 1 Run 2 Run 3
Volumetric- -flow
Actual (ACFM) 80,000 81,500 82,400
Standard (DSCFM) 60,400 59,800 60,400
Kiln feed rate (tons/hr) 136.4 139.2 138.1
Gas Temperature (Deg-F) 193 214 214
Moisture Content (% v/v) 2.70 2.44 2.58
Gas Composition (% v/v, dry) '

"~ Carbon dioxide 0.03 0.03 0.03
Oxygen 20,90 20.90 20.90
Nitrogen 79,07 79.07 79.07

Isokinetic variation (%) 97.6 101.3 102.3

Particulate mass flow (lb/hr) 2.7 1.0 1.0
Particulate concentration .
Actual (gr/ACF) 0.004 0.001 0.001
Standard {(gr/DSCF) 0.005 0.002 0.002
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10WA DEPARTHENT OF ENVIRONMENTAL QUALITY "

Alit PULLUTION CONTROL, EQUILHLENT OTERATTNC DATA#

Plant l&bend Q‘”Cﬂ-’r &b location %Sou &"Y,-Zg

Source Type %3#6&05&' Rated Production 3o 774 (Fexp)

Date /7/:&553 Time (000~ H2D Actual Production /364 1

Alr Flow Data Run No. /

Mechanical Collector:

Tube Diameter in. Ne. of Tubes . Desipgn 4p. in. :izo @ Gas ‘Eemp‘.l' F.
Observed 8p___  _ in sz. Design cfm/tube @ Observed ap : @ - i °f,

Fan Rated H.P. . Operating Volts +« Operating Amp

Electrostatic Precipitator:

Primary Primary Secondary : -S'gcunda?y Spark
Field Voltage Current Voltage ' . ':'.Curi'en_t. ' . .Rate -
Ro. -: {volts)  (amps) M ¢ A')] . '.,(tu“) “ (ber‘mi:n'.)
Scrubber: ) .
Type - T . 4p (across scrubber) © in. HZO'
Fan Rated H.P. . Operating Voles . Operating Amps

Liquid Circulacion Rate gal/min. % Make-up . Blowdown gnm.
Scrubbing Water Change Interval ) .

Settling Tank Ciaaning Interval

Bagheuse: &fCSE-J'ET

Pressure-Positive X . No Compartments ‘[‘

Type Cleaning Lenif. de fuse . Clean Cycle /8 nin.
Avg. Baghouse Ap =135 4n 1120. Ap Range —‘fr ‘f‘f in. 'H20.
fan: Rated II..P._J__-O_Q_. Operating Volts_ SO0 . Operating Amps /75 .
Cyclene:

Type . ap in. HZD' Diamcter

Fan Rated H.P. . Operating Volts . Cperating Amps .

Ferson Responsible for Data: /K@,-’_QVOUC_

Signature:

Titic/Poaition: /du-' SLEY LEETZ

L]
Averages of operating data taken durlng actun! teme run unless requested othervline,
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Data used for calculations in Appendix F.




B R Y e T ek i S
“JOWA DETARFHENT OF ENVIRONRENTAL QUATITY
AITL POLLUTION CONTROL.EQUINMENT OPERATING DATAS

L&l Cottar & Jocotion_ ‘&&‘-’ d'fif,.zﬁ

Type_ Cooware [FRENoOSE " Rated Production_ {Bo IPA (#e=D)
/

%63 Time n20-/356 - Actual _?roc!ul:_l:inn . ]
' T Run No. 2
¢ Pose-rer
2-Positive —Hepotve X . No Compartments f .
saning Conf. A KJLSE . Clesn Cycle /4 min.
nhouse &p -4l in H20. Ap Range — i/ gy in. HZO'
i
ated 1.P._JoO_ . Operating Volts_DOA . Operating Amps_/B 3 .
Ap in. HZD' Diameter .
—ud I.P, . Operating vults . Opcrating Amps .

Person Responsible for Daca: A/'w- I/DUC_ : a
Signature: /W

Title/Position: /dw SLobERTS

‘s of operating data taken during sctunl toat run unleas requested othurwline,
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Data used for calculations in Appendix F




--..Fan‘lned H.P. . Operating Volrs . Operacing Amps

TUMA DUFARTMENT OF ENVIRONMENTAL QUALITY

“AJR PULLUTION CUNTROL EQUIIMENT OPERATING DATA#

Plant_ (& Ceveor & Location ‘é&?’“’ d}“‘l’,i#

Source Type Cootzrz. [BRGAoUSE  Rated Production {30 IPH (Fxp)

Date /7&5& B3Time 1425= 1556 Actual ProductianL /2€.1 l
Air Flov Data : Run No.___3

Mechanieal Collector:

" Tube Diometer in. No. of Tubes . Design Ap. _ in. H,0 Q@ Cas Temp. .

Observed Ap in llzﬂ. Design cfm/tube @ Observed Ap [} %F.

‘Electrostatic Precipitator:

Primary Primary Secondary Secondary Spark

Field " Voltasge Current Voltage Larreat - | Rate

We. -7 (volts) {amps) (kV) (ma) . “{per min.J.
T . .A p—

Scrubber:

Type - . Ap (across scrubber) in. 820-

Fan Rated H.P. . Operating Volts . Operating Amps .

Liquid Circulation Rate gal/min. I Make-up . Blowdown gnm.

Scrubbing Water Change Interval

Sertling Tank Cl.énning Inteorval

Baghouse: PULSE"JET

Pressure-Positive -heg:rfrﬁ' x . No Compattments ‘lz

Type Cleaning Lowt. 4un ﬂu.ss . Clean Cycle /a min.

Avg. Boghouse &p =053 in H,0. 4p Range —‘f/?“f tn. 1,0.

Fan: Rated ll.P._{D_C_J_. Operating Volts_ 500 . Operating ,\mpu_/__‘l:_s__.

Type . Ap in. HZD' Dizmecer

Fam Ratcd H.P. . Operating Volts . Cperating Amps —
Person Responsible for Data: qul/OUC .

Signoture: :
Title/Position: /dw St berr2

L]
Aversges of operating dats taken during actunl test rum unleas requested otherwlsc.
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Data used for calculations in Apoendix F. .




Excerpts from

REFERENCE 44 (SECTION 4.0)

Steiner, J., Mojave Plant (Kiln, Clinker, and Crusher Baghouses)

Annual Compliance Test, Report P5-B3-93/Project 5081-83, Pape
and Steiner Environmental Services, Bakersfield, CA, May 1983.
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,.______~_.

" Excerpts from

REFERENCE 46 (SECTION 4.0)

Hansen, M. D., et al., Characterization of Inhalable Particulate Matter
Emissions from a Wet Process Cement Plant, Volumes I, II, and III, EPA

600/X-85-343a, 343b, and 343c, U. S. Environmental Protection Agency,
Research Triangle Park, NC, July 1983.
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Excerpts from

REFERENCE 48 (SECTION 4.0)

Source Emissions Survey of Lehigh Portland Cement Company,

waco, Texas, MuTTins Environmental Testing Company, Addison, -

X, ﬁugusf 1983.
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SUMMARY OF RESULTS

Clinker Cooler Stack

Run Number 1 2 3
Stack Flow Rate - ACEM 55,941 56,955 55,515
Stack Flow Rate - DSCFM* 41,604 43,249 40,424
% Water Vapor - % Vol. 2.5 2.3 2.9
A CO, - % Vol. 0.0 0.0 0.0
3 0, - % Vol. 20.8 20.8 . 20.8
% Excess Air @ Sampling Point = |  weence | cmceee | aceeaa
Particulates .
Probe, Cyclone § Filter Catch
grains/dscf* 0.0216 0.0178 0.0109
grains/cf @ Stack Conditions 0.0160 0.0135 0.0079
1bs/hr 7.7 6.6 3.8
Total Catch
grains/dscf* 0.0225 0.0186 0.0130
grains/cf @ Stack Conditions 0.0167 0.0141 0.0094
Ibs/hr 8.0 6.9 4.5
Allowable Particulate Emission
Rate - TACB Permit - ' 1bs/hr 26,7 26.7 26.7
Opacity - $ 5.0 | eeeces ] eeea--

* 29.92 '"Hg, 68°F (760 mm Hg, 20°C)

Data mentioned in Section 4.1.20 and used for calculations in Appendix_F.

83-69
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Data used for calculafions in Appendix F.

|ILEH{IG11|

LEHIGH PORTLAND CEMENT COMPANY 0. 80x 419

HIGHWAY 34 WEST
WACO, TEXAS 78710

817 7721110

August 8, 1983

Mr. Bill Mullins
Mullins Testing
METCO

Addison, Texas

Dear Sir:
Below, please find test results on stack testing that was’
performed on August 2 and 3, 1983.

Kiln & Raw Material Parameters During Kiln Stack Tests on 8-2-83

Test # 1 2 —3_

Feed Screw Revs. 1361 1364 1445

Coal Usage ~ 10.78 tons 10.78 tons 10.6 Tons
Clinker Production 53.5 tons 56 tons 59.4 Tons
Dryer Feed Rate 84 TPH 86 TPH 77 TPH

1 ID Fan Inlet Temp. 415 430 430

42 ID Fan Inlet Temp. 450 : 455 450

% 0, #1 Kiln 2.1% 1.8% 2.1%

$ 0, #2 Kiln 2.5% 2,1% 2.4%

Timé 8:39-10:18 11:00-12:41  13:22 -15:00

While conducting the three kiln stack sampling tests both
kilns and the three dryers were operating under normal plant practices
There were no kiln upsets or delays.

Kiln Parameters Durihg Clinker Cooler (Gravel Bed) Stack Tests 8/3/83

Test # 1 2 3
Feed Screw Revs. 880 793 897
Coal Usage 7.34 7.25 7.26
Clinker Production 3% > Ions 36 et §é—§ Tons) -
Dryer Feed Rate l__; Tons_ __-Tons p—— =
#1 ID Fan Inlet Temp.
#2 ID Fan Inlet Temp. 498 502 500
. 502 505 495

$ 0, #1 Kiln

2 L} 2% 2.4% 3.2%
¥ 0, #2 Kiln 2.8
Tim 3% 2.5% .88

9:05-10:13 11:09-Not rec. 13:15 - 14:26

During the first two clinker cooler (gravel bed) stack sampling
tests there were no unusual kiln upsets or delays. Both kilns were
operating under normal conditions. While conducting the third test,
after 4 points had been taken, the back wash fans on the gravel bed
dust collector shorted out and kicked off. The sampling probe was
pulled from the stack at 13:23 and an upset condition was called.
After evaluating the problem the decision was made to conduct the
remainder of test 3 without the back wash fans. At 13:28 the probe
was placed back in the stack and all operating parameters re-set.
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REFERENCE 50 (SECTION 4.0)

Steiner, J., Mojave Plant (Kiln,. Clinker, and Crusher Bahcuses)
Annual Compliance Test, Report PS-84-249/Project 5233-84, Pape

and Steiner Environmental Services, Bakersfield, CA, May 13984.
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TABLE A-1. SUMMARY OF SOURCE EMISSION TEST DATA
: 1
uNIT TESTED: Kiln LOCATION: Baghouse Qutlet
Test number ] 2 3 Average
Date 5/15/84 5/15/84 5/15/84
Test condition 231 TPH 236 TPH 245 TPH
Barometric pressure {in. He) 26.20 26.20 26.20
Stack pressure_(in. Hg) 26.1 26.11 26.11
Stack area {Ft¢) g7.28 { B87.28 87.28
£lapsed sampling time {min) 72 72 72
volume gas sampied {dscf) 47.1355 47.0808 | 48.2880
F factor '
GAS DATA )
Average gas velocity (fps) 63.3 £3.4 £5.1 63.9
Average gas temperature (°F) 255.0 258.2 258.0 258.4
Gas flowrate (dscfm) 198625 199435 206805 200821
Gas analysis {dry percent basic)
Carbon dioxide 18.80 18.38 18.50
Oxygen 10.45 10.50 11.10
Carbon monoxide 0.00 0.00 0.00
Water 6.49 6.35 5,53 !
i
EMISSION CORCERNTRATION : :
Filterable particulate {gr/dscf) 0.0929 0.0052 ! 0.0G0 ! 0.0024
Total perticulate (gr/dscf) 0.0044 0.0065 g.0043 1 0.00%)
Total sulfate (gr/dscf) 0.001 g.001 6.0011 ! 0. 001
503 (ppm) 0.20 0.20 v 0.20 i 0.20
o o) LRI E G e
NO, (ppm) - . % - | .
EMISSION RATE ,
Filterable particulate (1b/hr) 4,88 10.53 ;| 7.00 ;
Total particulate {1b/hr) 7.88 11.06 i 7.81 8.7
Total sulfate (1b/hr) 1.88 1.89 ; 1.9%0 1.89
S03 {1b/hr) 0.50 0.44 . 0.58 0.51
505 [1b/hr) 183.76 154.17  154.80 150.91
503.48 501.70 517.27

NOy (ib/hr}

Lb/MMBLu-EMISSTON FACTOR

Filterable particulate
Total particulate
Total sulfate

502

NO,

Lb/BbT-EMISSION FACTOR

Total particulate
Total sulfate

02

NO,

546.62

A=127

Data used for calculations in Apnendix E.
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TABLE A-3: SUMMARY OF SQURCE EMISSION TEST DATA

Clinker Cooler

gaghouse Qutlet

UNIT TESTED: LOCATION:
Test number 1 2 3 Average
Date 5/17/84 5/17/84 5/18/84
Test condition 250 TPH 250 TPH 250 TPH
Barometric pressure (in. Hg) 26.26 26.26 26.38
Stack pressure_(in. Hg) 26.25 26.25 26.36
stack area (Ft2) 106.14 106.14 106.14
Elapsed sampling time (min) 72 72 72
Volume gas sampled {dscf) 63.99032 62.179% 61.9962
F factor
GAS DATA
Average gas velocity (fps) 32.7 .8 3.2 3.9
. Average gas temperature (OF) 237.6 234 .4 234.5 235.5
Gas flowrare (dscfm) 137895 134299 131953 134702
Gas analysis {(dry percent basis)
Carbon dioxide 0.0 0.0 0.0
Oxygen 20.9 20.9 20.9
Carbon monoxide 0.0 0.0 0.0
Water 0.38 0.66 0.88 i
EMISSION CORCENTRATION E ?
Filterable particulate {gr/dscf) 0.0018 0.0014 i 0.0014 i 0.0015
Total particulate {gr/dscf) 0.0018 E 0.0014 { 0.0009 | 0.0017
Total sulfate (gr/dscf) i : !
$03 (ppm) | i : !
502 {pem) ! ; ; ;
NG, (ppm) i i i
EXI1SSION RATE i g i
H ]
Filterable particuiate (1b/hr) | 2.8 1 1.8) | 1.60 1180
5 2.18 1.61 ! 2.10 )

Total particulate {1b/hr)
Total sulfate {1b/hr)

S04 (1b/hr)

507 {1b/hr)

NO, {1b/hr)

Lb/MMBtu-EMISSION FACTOR

Filterable particulate
Total particulate
Total sulfate

504

NO,

Lb/8b1-EMISSION FACTOR

Total particulate
Total sulfate

s0p

NO,

A-129
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Excerpts from

REFERENCE 51 (SECTION 4.0)

Lehigh Portland Cement Company, Leeds, Alabama, Particulate
LompTiance Test, CH,M HiTT, Montgomery, AL, October 1984.
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PARTICULATE. EMISSION -DATA .CALCULATION SHEET
WONTGOMERY OFFICE g ) ’
BOT SOUTH McOONOUGH STREET . -Plant L serirar
MONTGOMERY, ALABAMA 38104 .
208/834-2870 . Date 2625& Run ¢ =
) Sanplir_\'_ﬁ ‘Location /ne ,_va-
: COE'-SCHE it ~EE

).
E .
3

: E

HIL

1. Calculate Stack pas velocity-- - — i
. ¢ = B PO Wy S
vy = B5.49 Cp (VEp)avy rr | 4-2.5_; @, -2
s, -29.8 Bl.é |n.-&2l’h-h
vy = BS.49 (2.36)( 758 W ae Fs e midnt It
Vg = -1Hq 152~ £ps PYP TP b & ST
np tilim ot = IS5 e
2. Calculate voiume of water vapor in gas sample-- A gy ""ﬁ'ﬁv LS Zﬁ.ﬁ“r
( 1s H20 gTans H0 mm- AN T
- vustd - (0 0474) :ondensa:e - sil;cu ge .
Vysea = (8-0474)( 125 ‘L}' (0. 0474) ([LJ‘S) -6 ¢ cu.st.
3. Calculate gas sample velume at standard conditions-- .
! &H
Vogea = (17:683 (V) (pb « I35
' 1,56S
Vaseg = (7- 64) @ i) (2q 557) - ¢ Y25 » 44,35 cu. st
’526 !
4, Calculate percent moisture in gas stream--
r Vh‘!_td - {g -
Bus ™ "mstd + ‘wstd LA G0l pt307 e 13|

5. Caltulate stack gas volumetric flow rate, dry basis, sud. conditions--

szs Pe
Qgepg * 3600(1-B, IV A, T wiNE : Csu3 0
Qgqpa = 3600 (1-.1Z )(4"'7"(52;59(5231 7 ) (z2.€%/29,92)a cu.ft.

———r

6. Calculate grain loading--
srains/sdcf = (15.43)(grams)/Vmstd = (15.43) (oo / (4220 D023

——————————

7. Calculate mass emission rate--

1bs/hr = (grains/stdcf)(Qsypa){1.43 X 10° ) |
1bs/hr = (_El:i‘&_ﬂL)(D__f_i)(l 43 x 1074y . J:?__H-—.._.G-_T

Data meqtioned in Section 4,1.22 and used for calcuiations_in Appendix E.

A-131




PARTICULATE .EMISSION DATA-CALCULATION.SHEET.
uoNTGouEnv OFFICE o

A A sor SCUTH MeOONCUGH STREET Plant (-E:HC’H'

B P :
UiV | sssiierassnasess 9/18/e4  nun 1_3

Date

'}S;mpling Location égﬂqzz
Lossere Miee oFe

1. Calculate Stack ityes " R e ZE
alculate ack gas vela: Y r . ﬂ 726.‘ v.-
Vg = 85.49 €, (ED)aveToR; - B K- -0'5
Tz 2298 ) - 28 L s
Vs = 85.49 (0.£5)(01%) 22 (. gq) , a-ﬂ“‘?«n—-v .,_; aLd . |
Vg = 'kLclx IQ‘L/ fps e - “ aLs
“f‘““-'ﬂ' - IS0 o
2. Calculate volume of water vaper in gas sample-- ‘I a ngon 2y= 2140 0 e
mls H20 grams H30 umu,“u_u_.DOVEﬁ crma
o Vista " (0. 0474) condensate - silica ge

Vistd cu.om)(_t_@_'_‘ < (0.0474) (133) « .30 cu.se.

3. Calculate gas sample volume at standard conditions--

aH
Vogea = (17.66) (V) Py + I506 )

fH
Vpsea = (17, 62) (441 (qu* ) ) = ( Y5066ty = 4451 cu. fr.
-’2/

4. Calculaterpercent moisture 1n gas stream--
Twstd L3

v Vestd 445-; w35 T 0/t . 124

Bws " mstd +

]
3

S. Calculate stack gas volumetric flow rate, dry basis, std. conditions--
* 5’3 Pq
Qgepa = 3600(1-B WV A, T, RLFEEE ‘ 53,7 13

Qqepg = 3600 (1- -'74-)(/-'4 23 (S1267) (5287 728) (5.8% 29.92)- eu. £t.

6. Calculate grain loading--
grains/sdcf = (15.43)(grams)/Vmstd o (15.43) @270/ (445S0=-_0.O° 73

7. Calculate mass emission rate--

ibs/hr = (graxns/stdcf)(Qst d3(1.43 x 107
1bs/hr = (>.S525.T1 )(@nTR)1.43 x 10° "J - 1259

-Data used for calculations in Appendix E,
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PARTICULATE CMISSION DATA CALCULATION SUEET

MONTGOMERY OFFICE
Plane LEHLH

CHoM | s
S 2 205/834-2870 Date 4/[9/54 pun 0
[ | HlLL Sampling Location (22‘_‘(&

Coescwe M orre

Tamgiady waia
1. Calculate Stack gas ve-lo:ity 6 -J20w ¥,- sA5 .
Vg = 85.49 Cy (VBp)avg\F My ‘ Q5 dl ey -QIZ
= 2, <Z8-5%ens me 2.3 b0
Vs » 85,49 (2£93(203) 578430, v, < 443Z. ]
. — N z23i%9L 29 N o= T
¥s = 4%!36% fps B el DO ma
no oiim e 1b. D g
2. Calculate velume of water vapor in gas sample-- “.-."'_.5%'1"' rye 233 %0 o5
- (mls Hz0 grams Hj0 twaat parctentens = J 52D grem
Vocsa = (0.0474) \condensate + silica ge :
Vysea = (0-0070)( 12O 165} (a.0079) ((4.5) » LI _cu.te.
3. Calculate gas sample volume at standard conditions-- -
4H -
Vagea = (17-64) (V) (?b « 1578
" Sz
Vhsed = (17'64](44'395 (24‘,?4-‘ 13.8 IS )(0.0551') - ALBD‘i cu.ft.
sas
4. Calculate percent moisture in $ stream--
v wstd - é‘fl -
Bus * "mstd + ‘wstd 4304° &% 0.139 = | & .
§. Calculate stack gas volumetric flow rate, dTy basis, std. conditions--
528 P
Qstpd - ;GOU(I-BWS)VSAS IS 23,92 . ér?/éllg ,3
Qppa = 3600 (1- 1A Ui 2R (57.86)(528/ 130 ) (20.8%/29. 92)=___ cu.fr.
6. Calculate grain loading-- .
o .
grains/sdcf = (15.43) (grams)/Vmstd = (15.43) Qo5z2)/ (4200 r.o1e7
1. Calculatec mass emission rate--

1bs/hr = (grains/stdcf) (Qsepd) (1.43 x 10°%)
Ibs/he = ( Gr261913 ) (@AST Y143 x 10743 o | }(574

Data mentioned in Section 4.1.22 and used for caliculations in Apnendix E.
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. PARTICULATE EMISSION DATA CALCULATION SHEET
MONTGOMERY OFFICE

A A | vo7 souTH Meconousk sTREET Plane _( €t IGr

simarTo AL o nia AEIA

ALADANS RS04

VI | Bisasen pate 9 /i1%/54 run t 5
| § | '
aa HIL

Sampling Location !!2Pr!N'I- '

(D <cH€ mici ofe

1. Calculate Stack gas velocity-- . Sriviucy s
£ s 4 , L A zoéagsf.- 5_5-' - '
Vg = 85.49 Cp (Vep)avg TM ! Gy~ “:b m».,-ﬂ_l
. _,zo | R J‘i.u ) R ZQ.E? [7, .
v, = 85.49 (055 (07 AL =31 E R, v, A2HE 0]
Vg = H7.246 fps . e tmatmesal = .'I:»GO e
n,num—nu-__q?"
2. Calculate volume of water vapor in gas sample-- “‘--'{-'é--'{“""b'l-ﬂ‘—'—""
- (mls Hz0 . grams Hz0 Yol parcieslsm =
V'"d = (0.0474) \condensate + silica 3e

Vysea = 0-0870)( 120 214} (0.007) (j&k) - L53 cu.te.

3. Calculate gas sample volume at standard cenditions--
AH
Voiea = (17.643(V)) (pb + I3 )
o

g [ 47 .
Vogra = (17.84) (2,518 (2'-?.14-. 155 ) = ( )(D.ff“-‘v( . A215 cu.fr.
g5 4 —
4, Calculate percent meisture in gas stream--
i 223
Bus ® “mstd + Ywstd 42057 0.O5 0.9 . M— .

5. Calculate stack gas volumetric flow rate, dry basis, std. conditions--

528 P
Qgrpa = 3600(1-B IV AL “T .~ i & 119, 463
Qgepa = 3600 (1- 4 (5759 (57865 (5287 720 y(24. 8529, 92)e cu. ft.

6. Calculate grain loading--
grains/sdef = (15.43)(grams)/Vmstd « (15.43) QUET/ (£Z.18) o.a79

. Calculate mass emission Tate--
-4
1bs/hr = (grains/stdef) (Qerpa) (1.43 x 10 ) - /
1bs/hr = (5 U 2578 )(a.oner Y1.43 x 10°4) 15, ("’l

Data mentioned 1n Section 4.1.27 and used for calculations in ﬁfapendﬁ E.
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e e e ~~PARTICULATE EMISSION DATA CALCULATION SHEET
MONTGOMERY OFFICE '

lr M BOT SOUTH MeDONGUGH STREET Plant _ CEHIGH

H2 MONTGOMERY, ALABAMA 36104

TI 205/834-26870 . Date c”zl & Run # \
-aaHILL . Sampling Lecation CLINKER Cooicr

‘. Calculate Stack gas velocity-- -
s . B ses
Vg = B5.489 Cp (J.:p)avg N ' Gy By W) gy = 0215
, e », -—‘Hiv-n lg-.."?iZm-:.
Vg = 85.49 (= )(m -L:'I‘l 27%1) g-t‘eﬁd oty Vg .___‘a,__“_
./ Vg = %‘ frs ) . 20 ¢ e . 15 “
29,23 A ap unm i e 120+
Z. Calculate volume of waterT vapoT in gas sample--| ey = L5140 mp0s 122005 2a o
mis Hz0 grams H20 Y s ... I
Vu'std - (O 047&] candensate + silica ge
7 Vygea v O 0“43( IS _1__) .0073) (27 « 128 culee
3. Calculate gas sample volume at standard conditions-- - .
&H
Voepa = (17-64)(Vp) (Pb +« 15,6 )

: 2,514 . S
/ Vo, o= (17.64)(71253 (?,qﬁéu TS5 )~ ( VAT o 200 cults.
nstd “-c’a ~/ =

4., Calculate peTcent moisture in gas stream-~
1T LEA d g 2; Ld
7 Bus ® Ynstd + Yustd uoﬂ%— 1,29 ~ AT - 4.7 N

5. Calculate stack gas volumetric flow rate, dry basis, std. conditions--

528 P Y6075 |
Qqepg = 3600TL-B WA, T TTIIT ik
/QStpd = 3500 (1-_047) (2225 (paar7) (528/ 237 ) (22027 ardr6.92)= cu.it.):
3 g =

6. Calculate grain loading-- )
grains/sdef = (15.¢3)(grams)/Vnstd « (15.83) (CidMy/ (ZLI07-_Z. 12

3

7. Calculate mass emission rate--

1bs/hr = (grams/std:f)(Q” a}(1.43 x 107 )

Ibs/hr = (BALZIEA (g )1.43 x 10°4) - _HTT
(’UG——)G] ———
‘1 & _ [’73..83 By

Data mentioned in Section 4.1.22 and used in calculations in Asmendix F
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PARTICULATE EMISSION DATA CALCULATION SHEET

WMONTGOMERY OFFICE L
C H?M g o ey 7
208 /234.2870 pate 9(= |RY Run ¢ 1_\‘1) .
H"_L Sampling Location C'-nké"
CA,L[gf
1. Calculate Stack gas velc:ity-- - "&-}—"'5—-‘" 1 -
. ) A
v, = 85.49 C, (V2 \,PT Gy 80 My - 20
s 3 p (fEp)avgy P, = ‘zr-(-|--q~1___.“,g OU.',.._,.

...ﬁ?"“ -trter v, REDE N

Vs = 85.49 (LR

* (2ausY 23.013) Y=
Vg = 36 . \8k% fps : bt . ais
-,n u.u.l.-,n -13.5 -
2. Calculate volume of water vapor in gas sample--~| “%=e .—"'1"’-'” 1 1a o

mls H20 . grams Hp0 ooal parvioutem o 0. 1072 yrom
_Vusea = €O 0474) condensate » silica ge em—

Vysea = (0- 0474)(_.{_,.‘&5:.)' (0 0‘74) (2'3 £y - e i Weuge,

———

3. Calculate  gas sample volume at standard conditions-- . -
aH
Vogea = (17.68)(V,) [P + 158 )
—_—
™ CTRY )
Vostd = (17.64; (3. 47 (u_:,,, P TITE) , (0 YO = A4y sr,
556
4, Calculate percent moisture in gas stream~-
Vustd - oo d ,
Bus ™ Ymstd + Ywstd  qag— l11 00357 . -6

5. Calculate stack gas volumetric flow rate, dry basis, std. conditions--
) §28 P
Qstpd = 3600(1-B_ . )V A I 75.592 5 14 Q’“

WS’ $°'S
Qgepa = 3600 (1--0°6 ) (% I%)(iym'?)(szs/ %I 3 it as. 92)-___cu £r.!

—m—

6. Calculate grain loading--
grains/sdcf = (15.43)(grams)/Vmstd « (15.43) (-13E)/( F9N~- 0- 0579

7. Calculate mass emission rate--

1bs/hr = (grains/stdcf) (Qsepd) (1.45 x 1074
Ibs/hr » (0577 )C }1.43 x 10° 4) -

5141,97|

Data mentioned in Section 4.1.22 and used for calculations in Appendix F.
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I"ARTICULATB EMISSION Dl\‘l‘)\ C)\LCULATICN SEILED

MDN‘TGOMERY OFFiCE ~

BOT SOUTH MeOONGUGH STREET  Plant (_gﬁféﬁ'

T (CHoM | g D 50— =

-1 }_1 .
=2 ”_L ' . ] Sampling Locatien Canvrer Court
1. Calculate Stack gas vele:ity-- . o ‘?32-., r 4
Vs = 8549 Cp (BRavalToRy e.-.-b:ﬁaﬂ’m im +0:5%
! ¢ S £ u“!ﬁu 15-'7-9- 1At
| Vs = 85.49 (47 (2SH T3, A28 A ‘ ._.gg 'l...n...l.s.,_"sw.:._,._
. vs - Euqo f?s L od -t = aisl
L. 0 23 -,oum—pu-__&__’
2. Calculate volune of water vaper in gas sacple-- "'....'L_.l- s P, ,.Z‘J‘Tl ‘= o7
- (nl: H20 . grams Ha0 rord puruvasm = 2: 1310 grem
Vusea = (0.0474) \condensate « silica B

PRt RIFRON,

.-
f,
r vustd - (0. 0‘“)( S ’.i)‘ 10.0473) ((B7 )~ 128 cuifes
, 3. Calculate gas sanple volume at staindard conditions--
o ) - &H :
Vosrd = (17-661(v) Py o 1'5"6)
{ =
_ 1024 . . A
| Vngea = (17.68) (25720 (21 2236 . "I"'B'\ - ( (0O = 311D cu.fz.
i Sse ;
4. Calculate percent mouture 1ln gas streap--
wstd - . -
Bus = Vmstd + ‘wstd 3400 (1 21H D.0362 . 3.6 .
5. Calculate stack gas volumetric flow Tate, dry basis, std. condirtions--
. 528 Pe
Q“pd = 5600(1-B, IV .A, T i9.52 P YSY-TEr
— Qqeog = 3600 (- 236 ) r‘-"‘:)- Oy (£8.419 (5287 $22) (5929, 92)e__ eu.ge
3%.023 $ %87 L3
6. Calculate grain loading--
srains/sdcf = (15.43) (grams)/Vastd = (15.43) @210/ (Z2i0)e O.oSﬁ
7. Calculate mass emission rate--

1bs/hr = (grains/stdcf)(stEd) (1.43 x 10_ ) .. “
Ibs/hr » ( 2.0A2)(1.43 x 10°4) . T

R T

Data mentioned in Section 4.1.22 and used for Ealcu]ations in Appendix F.
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Excerpts from

REFERENCE 52 (SECTION 4.0)

Baker, R. L., Compliance Test Results, Particulate and Sulfur Oxide
Emissions, Cementon KiTn, KVB, Inc., Engineering and Research Divi-
sion, Irvine, CA, December 1984.
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SEECTION 2.0

SUMMARY OF TEST RESULTS

The results of the particuiai.-.e exission compliance test confuctsd on
the kiln exhaust stack of Lehigh's Ce'menton facility in Cementon, New York,
are presented in Table 2-1, This data represents the emission level of the
yiln exhaust stack while firing pulverized coal.to produce approximately

1500 tons per day of Portland cenmcnt. The applicable emissions limitation for
' this facility is 0.05 grains per dry standard cubic foot.

TAELE 2-1.. PARTICULATE EMISSIONS RESULTS

Particulate Pnissions

Date - Test No, Time Period (hr) Gr/DSCF*  1b/hre**
11/8/84 1C Comp 1 1525 - 1657 ©.009 8.5
11/9/84 1C Comp 2 1316 - 1428 0.010 B.6
11/9/84 LC Comp 3 1610 - 1722 0.013 12.0
AVZRAGE 0.011 9.7

tstandfard conditions 6B°F amd 29.92 in Hy at stack ocxygen level

“igased on stack velocity msthod cf analyszis

The emissions levels in Table 2-1 were computed through KVB's Emission
Data Reduction Computer Program (See Appendix A amd R) which is in accordance
with the appropriate EPA methods. The rav test data taken during each test
eppears in Appendix B.

. A representative of the RYS -DEC' Region IV was present at the test site
~during the initial compliance testing day and was fully cognirant of the
_ testing procedures used, The results indicate that the particulate emission
levels for the Cementon kiln are well below the 0,05 GR/DSCF limit. The
~ compliance test filters are being preserved and are avallable for inspection
by the NYS DEC upon request.

2-1 KXVE71-71500-2007 D304

_ Data mentioned in Section‘4.l.23 and used for calculations in Apoendix E.
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Data used for calculations in Apoendix E.

B, INC. 16004 SKYPARK BLVD, IRVINE, C.A

sxxrree¥s PARTICULATE EMIESIONS DATA RED

COMPANY = LEHIGH PDRTLAND CEMENT
LOCATION = CEMENTON NY

UNIT(SY -~ KILN EXHAUST STalK
TEST DATE - 11-E£-B4

TEET NO. =~ COMPLIANCE o

TEST SITE - &7ACK

syaamxreasnapsenn FUEL ANALYSIS

#C0ALs ' PCT BY WT
CARBON £9.3%
HYDROGEN 4,73
SULFUR : 2.44
OXYGEN 5.81
NITROGEN 1.26
ASH 16,15

HIGM MEATING VALUE(ETU/LE)D
EFA ‘F FACTOR' (DECF/METL)

ExnEEasusanurexn  QRSAT AMNALYEIS

CARE! DIOXIDE
DXYGEN

CaREON MOINUXIDE
NITROGENM

WATER

sruspsenssapsnnn TEST CONDITIONS

KILN FEED(GFM)

TOTAL HEAT INPUT(KETU/HR)

FUEL FLOW(LE/HR)

BaROMETRIC PRESSURECIN. HG)

ETATK GAS ETATIC PRESS(IN HZO)
NOZZ2LE DIAMETER(IND

FITOT TUBE COEFFICIENT

DUCT AREA AT SAMPLING PLANE(SQ. FT
PROPE LENGTH (FT)

PROEE MATERIAL

ssrsypavasasrs FLUE BAS PARAMETER

MOLECULAR WEIGHT DRY{COMEINED)

MOLECULAR WEIGHT WETC(COMEINED)

MOLECULAR WEIGHT DRY(DRSAT)

MOLECULAR WEIGHT WETCORSAT?

FERCENT MOISTURE(MEASURED)

ACFM AT SAMFLING PLANE BAEED DN:
FUEL FLOW AND COMEUSTION CHEMIST
€TACK VELDCITY

A-147

. 92714  (714) 250-4200

UCTION PROGRAM SExsssgex

AFEERREEREFLARERER

MOLES/LEB-FUEL
S.7B3(-02D)
4,730¢(-02)
8.313¢(~-0
1.814¢-022
4.500¢-04)

12606.00
$702.0

EXFETREERAARERERER

PLT BY VOLIME
14.10
e.00 -
0.02
47.42
2B.24

ERERERERRRERRNERER

423341.6

33400.0

29.85

-0.55

0.37¢

: 0.840

b} 122.7
14.0

INCONEL

S SEEREREFRSRNARR

31.40
2?7.76
32.04
28.07
2B8.24

RY 1§2765.2
237043.%

KVBT1-71500-2007 D304




Data used for calculations in Appendix E.

KVB, INC. 1800& SKYPARK BLUD. IRVINE, C.A. 92714

axrusnenus  PARTICULATE EMISSIONE DATA REDUCTION P
COoMPANY - LEW:GH CEM COMP2
LOCATION = CEMENTON NY
UNIT(S) - KILN EXHAUST STACK
TJEST DATE - 11-9-B4
TEST NO. - COMPLIANCE 3
TEET CITE « €TACK
srranprerxunsarns FUEL ANALYCEIS #rsxnxrs
«ClAaLs PCT BY WT MO
CARBON 70.6¢8
HYDELGEN 4.2
SULFUR 2.40
OxXYGE! 5.53
HITROGEN 1.30
ASH 15,24

HIGH HEATING VALUE(ETU/LE)
EFAa ‘F FACTOR’ (DSCF/ZMETL)

EFeasaivnadaszay QREAT ANALYEIS wsrxrxan
PCT

CAREON DICXIDE

OXYGEN

CarEQN MINOXIDE

NITROGEN

WARTER

snEsEsXRxFuerang TEST CONDITIONS #rearxs

KILN FEED(GPHD)

TOTAL HEAT INPUT(KETLHR)

FUEL FLOWC(LB/HR)

BARDMETRIC PRESSURE(IN, HB)

STACK BAt STATIC PRESSCIN H2D)

NOZ2LE DIAMETERCINY

PIT0T TUBS COEFFICIENT

DUCT AREA AT SAMPLING PLANE(SG, FT)

PROBE LENETH (FT)

PROEE MATERIAL

#EEFE

#xvrvansenrnsx FLUE GAE PARAMETERS

MOLECULAR WEIGHT DRY(COMBINED)

MILECULAR WEIGHT WET(COMEINED)

MOLECULAR WEIEMT DRY(DRSAT)

MOLECULAR WEIGHT WETC(OREAT)

PERCENT MDISTURE (MEASUREDY

ACFM AT SAMPLING PLANE BAaSED ON:
FUEL FLOW AND COMBUSTION CHEMISTRY
STACK VELOCITY

A-148

(714) 250-4200

ROGRAM #snepsuxs

FEAXEEFRRR

/LB-FUEL
BFO(-02)
8.P20(-02)
7.500¢(-04)
1.728(-03)
4.643(-04)

ES
5.

12812.00
$727.0

REREERERER

BY VOLUME -
14.10
7.50
0.03
44,27
30.10

RERNRESUEER

420223.4
32800.0
29.7¢9
-0.80
0.376
0.840
122.7

14.0
INCONEL

EPERERERAR

31.98
27.4%
I2.1
27.87
30.10

18€154.5
2630E7.8

KVB71-71500-2007 D304




Data used for calculations in Appendix E.
KJB, INC. 18004 SKYPARK BLUD, JRVINE, C.A,

92714

(714> 250-4200

sxxzesanr PARTICULATE EMIESIONS DaATA REDUCTION PROGRAM #sxerassss

COMPANY = LEHIGH PORTLAND CEMENT
LOCATION - CEMENTON NY

WIT(S = KILN EXHAUST STACK
TEST DRTE = 11-9-84

TEST NO. =~ COMPLIANCE 2

TEST SITE = STACK

sxuxeagasennnnans FUEL ANALYSIS sesisxasssxrszsasy

=00ALe PCT BY T
CAREON 70.é8
HYDROGEN 4.63
SULFUR 2.40
OXYGEN 5.53
NITROGGEN 1.30
ASH 15.26

HIGH HEATING VALUECETUsLE)
EFA “F FACTOR- (DSLF/METWLD

MOL

ES/LB-FUEL
5.890¢=02)
4.E30(-02)
7.500¢-08)
1.728(-03)
4.643{-04)

12€12.00
727.0

EESENRNFRASRFENE DRSAT ANALYSIS SEsssazesserasaens

C&REQN DICXIDE
OXYGEN

CaRpD: MOWNOXIDE
NITROGEN

WATER

PCT

BY VDLME
14.30
7.80

0.07
48.03
25.80

FRNEnAwenEnnttn TEST CONDITIONS #Eadsusssansbatnn

KILWN FEEDC(GPM)

TOTAL HEAT INPUT(KBTU/KR)

FUEL FLOW{LE/HR)

BARDYMETRIC PRESSURE(IN, HB)

STALK BAS STATIC PRESS(IN H20)
NOZZLE DIAMETERCINY

PI170T TUBE COEFFILIENT

DUCT AREA AT SAMPLING PLANE(SD. FT)
FROBE LENGTH (FT)

PROBE MATERIAL

seszsravnnsves FLUE GAS PARAMETERS

MOLECULAR WEIGHT DRY(COMBINED)

MOLECULAR WEIGHT WET(COMEINED)

MILECULAR WEIGHT DRY(ORSAT)

MOLECULAR WEIGHT WETC(ORSAT)

PERCENT MO!STURE(MEASURED)

ACFM AT SAMPLING PLANE BASED ON:
FUEL FLOW aND COMBUSTION CHEMISTRY
S§TaCK VELOCITY

A-149

420233.!

32800.0
29.79%
=-0.70
0.374
L.84D
122,7

14.0

INCONEL

EREFREXFREETRES

31.00
27.12
31.70
27.42
29.80

175733.0
223443.0

KVB71-71500-2007 D304




Excerpts from

REFERENCE 53 (SECTION 4.0)

Steiner, J., Mojave Plant (Kiln, Crusher, and Clinker Baghouses)
Annual Compliance Test, Keport P5-85-469/Project 5451-85, Pape
and Steiner Environmental Services, Bakersfield, CA, May 1985.
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. Pape & Steiner Emvironmental Services

i

|

TEST 5,7, 3

LOCATION . __ A0/%

Emssmn RATE DATA -- 5B°f

Standard Temperature S = 68%F; 29.92 1nches Hg

XEQ FF
‘XEQ RAT - ,
ENTER: R-17 Vi o4
R-26 Q
R-22 0,%

LAB DATA

Front Half Wash_ (g)
Mass Filter - (g}
Back Half Catch  ({g)
Front Half

Sulfate (mg HZSOQ)

Back Half
Sulfate {mg H2504)

H,0, Catch (mg Hé504)
RESULTS -

F-Factor

Filt. Particulate gr/dscf
Filt. Particulate 1b/hr
Total Particulate gr/dscf

Total Particulate 1b/he
Total Sulfate gr/dscf
Total Sulfate 1b/hr
503 ppm

503 : 1b/hr
502 ppm

502 1b/hr
SO2 . @3z 02
502 1b/MMBtu
s : 1b/MMBtu

Filt. Particulate 1b/MMBtu

N Test 1 - Test 2 ) Test.3 ";"‘Average
Lo ERY0 S LYY &S5 . 3/22

T AELEBT LR fr537.62 L8875

S.95 o) 9.75

& 00707 2. OOYY7 O-QZME .
_L-207 _QLootnl  _ L.o0077
D 02E) _©.00/3Y _ 0.003B

oo o”/y - - --0'?“ WH:"'A-. Qﬂm ’

AY aé7 /56
BreY G RY . P95 7%

1 ] .

6 0.0026  _0.00/5 0.002¥ _B.ONRZ
1_+20 2,53 3.9

B or36 OO0 00036 O3/
10__£5.88 3227 S, E4 5,00
11_o0.cvvs  _0.0003 oS _O.000¥
13_o0.8¢ o.¥Y5 o.F6 0.72
142 o.r ) o-2
15 o0.¢B &. 26 020 C.¥8
16 /6.97 B8 /8.2Y /2. 85
17_322,97 34.92 2457 23.9%

18 22,75 9. 97 .45 2906

Data used for calculations in,Appendix E.
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Pape & Stciner Environmental Services

ll

f———————

vy
[l
W
e}

XEQ FF

XEQ RAT

ENTER: R-17 V

ENTER m,
R-26 Qs
R-22 0,%

LAB DATA

Front Half Wash (g}
Mass Filter (9}
Back Half Catch {g)

Front Half
Sulfate {mg H2504)

Back Half
Sulfate {mg H2504)

HZOZ Catch (mg H2504)
RESULTS

F-Factor

Filt, Particulate gr/dscf
Filt, Particulate 1b/hr
Tota) Particulate gr/dscf
Total Particulate 1b/hr
Total Sulfate gr/dscf

Total Sulfate b/hr
503 ppm

503 1b/hr
SDz ppm

SDz 1b/hr
SO2 @3 02
50, 1b/MMBtu
) 1b/MMBtu

Filt. Particulate Tb/MMBtu

dawmd Ta
gard i<

TEST 4L 2,3

LOCATION  Chnker

EMISSION RATE DATA -- 68°F

mperature, St = 68°F; 29.92 inches Hg

Test 1 Test 2 Test 3 Average
C5.0/82 EC.FRY _&64.638/
/RF53S.5R /300080 _[(23620.76

20.9 209 ¢ 0.9

055N _0.009HE _p.ooFIS___
D2 OONS  _ D.N0FAR O 057
WoWoaess B INS as6 o NN »I0.000.0,

1
-y 2.2 2.2 | 2.6
B, p02Y o.cony 0.002Y . 002Y

10 R2eé 2.2 22/ 2:.£6

1
13
14
15
16
17
18

Data used for calculations in Appendix F.
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Excerpts from

| REFERENCE 54 (SECTION 4.0)

Arlington, W. D., Lone Star Florida Holding, Inc., Stack Tests for
Particulate, SO,, NOX, and Visible Emissions, Report 8I0=5, Kiin

No. 3, South Florida Environmental Services, Inc., West Palm

Beach, FL, August 1985. -

A=-155




iv. SUMMARY OF RESULTS

REPCRT 810-5

PARTICULATE
Emission Rate Allowable Emission Rate
Run lbs./hr. lbs./hr.
1 17.25 39.90
2 1%.97 39.90
3 22.47 39.90
Average . |19.9o| : 39.90
SULFUR_DIOKIDE
Emission Rate . Allowable Emisison Rate
RPun lbs./hr. T lbs. /hr.
1 380.86 398.82
2 367.01 398.82
3 393.62 398.82
Average 380.50 " 398.82 ,
===============================================================:
OXIDES OF NITROGEN
Emission Rate Allowable Emission Rate
Run l1bs./hr. lbs./hr.
1 548.53 586.95
2 592.98 586.95
3 601.61 5B6.95
Average "~ 581.04 586.95
============='—'============='—'========='—'========‘==================
OPACITY
Emission Rate . Allowable Emissions
0% < 20%

Data mentioned in Section 4.1.25 and used for calculations in 'Appendix E.

A~156




) aug‘l gJU’LZ %%‘-; ,
M-Y f%/&ﬁw 4:«//;«57 3& /?55' '_
FISRE |Je.5R4 (125
T E- 70:02 & 1207 FPM | 245
TYPE = Eusc N lour | boar |loac
Fust- ccs0  Ld7e (772~ ) 152 |/5./5 (/5.0
501.-#:.&:. Cou reel T o Lulft . /. 82 /.77 /.76
Kriy: samo  LAZE CTEA /322 /33 | /33
Jaztme Lol oYL ot ALY ,5@54502 8.14L | 815 ¢./8
OXYsews copzerr oL LZus CASES /.9 /.49 /9 .
CLIN KET Do Ducc 7104 W (Tﬂ//)] S6.7. _54 7 f@

Data used for calculatioms in Appendix E

A~-157




APPENDIX B

UNCONTROLLED TOTAL PARTICULATE EMISSION FACTOR CALCULATIONS




MIDWEST RESEARCH INSTITUTE
FC?JECT DEVELOPMENT SKETCH

TITLE Em'ﬂ?_.-'o:n FZCJD(

4{00{4 - Po BN

/ [ oflec
<oC wr'o-—:-i-calef:"

Npoires  (Iderd. ZI1. 24, Z(p/‘r/%) a;-«:fé 4—014 I
PROJECT NO.MZ'L?.‘;_/_ Bagi-L9 nnyvn.AgZ Qt;:g C”!B/ B2 have L’/ o/ P
cmnrn 2| _ 7:;1- e A ,czrgggtrl 12 a F;ﬁlitf( <::l\)tj ’
I X e e L LA ik ", § L [ \-1 - - — r

Mass

Run #

Date

Tine

A\, Meisture
velocity, m/s (£/8)
ACM/min (ACFH)
SOCH/min (SDCFN)

Grams/ACH (Grains/ACF)

Grams/S$DCM (Grains/SDCF) 3/192(1.39

Kg/hr, (Lbs/hr.) 79.46(1395,6})

E’PA-é:oo/ Z2-16- 4 - Ounconrotled

Table 2

Emission Tasts - Method 35

2 3 4 5
8-26-7% B=26=7% $=27=7% 8-17=-7%
1015 1415 1050 1518
1.65 2.60 1.54 1.80
9.70{J1.49) 7.42124,3%) 4.501(27.89) 7.97(26.15%)
1364.5(4B140) 1043.5(36847) 119%.2(42203) 1120.6(19570}
1088,4(38431) .151.6l25391) 875.3{30%06) 739.9(2e121)
1.144(0.509) 1.602(0.700) 2.130{0.931) 1.070{0.908)
1.435{0.527) 2.197{0.960) 2.911(1.272) J.146(1.237%
93.68(206.54) 100,.37{221.27) 152.84{336.96) 139.88(307.94)

Feown P 31, Appmc‘u B, of ?e,x-‘“ EPA—WZ-%—IM-

APPENDIX B

PLANT PRODUCTION DATA

Dats 8/25% /26 8/27 /28 /29 11/4 11/%

Production

Tons/Day 742 333> 961 1031 1064 1063 995
*Single kiln

T%f -T;'P Gw. &-.)/ T‘o-e HC C’q-'w @ gom - cleleie ?onl

[Jnce
-Hm? éa ./

one of e

kilns  coend

éo«:w Somei-wré Q]uf-nj'

"C".-l'mlql-e ’f;lf.f f"/f:':.% Em-:.s.oﬂ l::c“‘nf Q, oL, ?uw‘.

B-2




©

(e Ko #2 ¢ 8fz6[7¢
9365 kg \ Lo 24 L2 s o 4064S Ly

v S33 dows Coved day ' H3
F;f 12:»1 # 3 8/2(::/7&‘- |
0037 Ly . | day 24 s 1102 des - 4980 aa/m-
e 533 4o C?mn-r‘ e Hﬁ _

F‘E)‘( ?uw 44 8/27/7\’

I$2.84 & [ oy . 24 bvs _ [A024es _ 420G kg |H
L—%- - Qi1 dows Comard dey Mj 3 i

’:;‘f ?J.-..—. "'u' ..( . 8./27 /7&’

Ay . bv 02 4DH ;: ?;. ;>4L4' k F{;
13968 .k-i— g Qlﬁli,i — . 2k Jf, . “DHj s 5 3/._‘

BF = 4ids 49801 4206 + 324 | 442 L /Mg
&t

Fom p. & of Report CPA-C00/2-76-164 — Courdrolled

Table )

Mass Emission Tests - Mathod S

Outlee
Run § 2 3 4 s
Dats 8-26=-7% §=16-7% $-217=7% 3=-27-73%
Time 1018 1445 1100 1518
Velocity, n/a(f/s) u.ic’tzl.u) . 6.79(22.29) 7.98(26.10) 7.26(23.81)
S, Moisture 1.3 1.8 l.64 1.1
ACH/min {ACPN) 1631.7A57619) 1619.9(57201) 1256.8(44379) 1476.2(532124) 31342.5(4740%)

SDCM/min (SCDFK) 1239/3(43759) 1326.4(46837) 1017.5(35927) 1174.2(41461) 1049.71(37067)
Grlll/ACHIG:an;/AC?) 0.004(0,04%1) 0.03610.01)} U.Oﬁi(ﬂ.bll) 0.043(0.019) 0.0344{0.0Q1%)
Grams/SDCM (Grains/SDCY) 0 21(0;05
Kg/hr, (Lbs/hr.)

06.037(0.016) 0.080(0.035} 0.055(0.024) 0.043(0.019%)
2.91(6.42) 4.09(10.78} 1.87(8.53) 2.74(6,04)

B-3
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For Ko #2.0 Bf26[7¢
241 kg, | day | 24 s  L0ZHs  _ O 14 ’ffs/’ﬁ

ke, ST 4ous Cowed Ja‘./ H3
For R #3 8zt < |
4.8 L day o Zhbes  Li02he o 074 kefH
-E%_ &531[04—&(’&"«4 X da‘.{ . Ma j/ j
D Po. 84 8/22/7¢€
3.97 k L ey 24 bes 4024 L0107 ke /]
_i- g q@f ‘\[vns N X d“l{ . Hﬁ j 3
For Ro &< 8/27/75
274 kg L dey, 2b&bs  [02hes _ 007 ke /M
7. Bl e Coment oy Hi - 377

SE = O + 0.243 + O.107 + 0.07 ~ 0O.142 ke |H
¢ & ek 31
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APPENDIX E.

COMPUTER PRINTOUTS OF SPLINE ANALYSES

FOR PARTICLE SIZE DISTRIBUTIONS.




RESULTS OF SPLINE ANALYSES FOR REFERENCE 21 (SECTION 4.0)

McCain, J. D., Evaluation of Rexnord Gravel Bed Filter, EPA-600/
2-76-164 (NTIS PB 25570957, U.3. Environmental Protection Agency,
Research Triangle Park, NC, June 1976.
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SFLINZ FROGRAM - 02/22/82 V1

TEST ID: REXNORD GRVL BELD' FLTR TEST 8,27 1320 CLINKER COOLER UNCONT

PROCESS WEIGHT RATE = ¢ TONS FROD. /HR
TOTAL PARTICULATE EMISSION RATE = 0 LE/HR
PARTICLE DENSITY = 1 G/CC

INPUT DATA:

MEASURED PARTICLE SIZE DNISTRIEUTION
RAR LOAL ING

CUT (um) < CUT Cun. X < CUT
+ 63 13.5 382538
87 2.42 +451112
1.4 4.84 + 388259
3.1 20.7 1.17482
4.7 28.6 1.983523
200 3459 100

QUTPUT DATA: TF EMISSION FACTOR = 8,84 LB/T (  4.42 KG/MT)

EMISSION FACTOR

CUT CumA) CUM. Z < CUT (LE/T) (KG/MT)
. 525 .381043 + 0336842 10168421
1 . 483183 . 0427134 0213567
1.25 .547183 . 0483709 0241855
2,5 936927 . 0828244 ‘0414122
S 2.26136 199904 0999522
10 10.0105 88493 V442445
15 22,069 1.9509 97545
20 33.9584 3.00192 1,50094

ENI} OF TEST SERIES
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TEST ID:
INFUT

MEASURET

CUT (um)

+63
+87
1.4
3.1
4.7

200

OUTPUT DATA:

CUT (uma)

$ 625
1
1.25
2.5
3
10
13

20

DATAR

SPLIN2

REXNORD GRVL

PROGRAM - 02/22/82 V1

BED FLTR TEST 8/28 0950 CLINKER COOLER UNCONT.

FPROCESS WEIGHT RATE = 0 TONS PROI. /HR
TOTAL PARTICULATE EMISSION RATE = 0 LE/HR

PART

FARTICLE ST7F
RAV LOALIING

< CUT

4,65
. 48
1.11
5,2
9.2
2737

TP -EMISSION FACTOR =

CuM. X <

+ 168274
+194842
+ 213681
+ 330523
+ 902135
6.87334
19.14685
32,3749

END OF TEST SERIES

ICLE DENSITY = 1 G/CC

DISTRIBLUTION

CuM, x < CUT

+ 168622
+ 186029
+ 224628

+414848
+ 748466
100

8.84 LB/T ( 4.42 KG/HT)

EMISSION FACTOR

cuT (LE/T) {KG/MT)
0148754 7.4377E-03
017224 8.41202E-03
.0188894 9.44449E~03
. 0292182 0144091
0797488 0398744
6075604 +303802
1.69449 847246
2.86194 1.43097

E-4



SPLIN2 PROGRAM - 02/22/82 V1

TEST ID: REXNORD GRVL BED' FLTR TEST 8/28 1105 CLINKER COOLER UNCONT.

INPUT DATA: FROCESS WEIGHT RATE = 0 TONS FRODI. /HR
TOTAL PARTICULATE EMISSION RATE = 0 LE/HR
PARTICLE DENSITY = 1 &/CC

MEASURELD' PARTICLE SIZE DISTRIBUTION
RAW LOADING

CuT <(um) < CUuT CuM. % < CUT
+63 ' 3.84 .08%97528
.87 ' 52 +101918
1.4 2.566 +1464093
3.1 7.92 + 344894
4,7 11.1 +5063467

200 4252 , 100
OUTPUT DATA: TP EMISSION FACTOR = 8.84 LB/T (4,42 KG/MT)

. ' EMISSION FACTOR
EUT (umA) CuM. % < CUT (LR/T) (KG/MT)

625 - . 08946615 7 .92608E-03  3.94304E-03
1 +116167 +0102692 S.13459E-03
1,25 +146178 + 0129221 6,46107E-03
2,5 T 4273728 « 0241976 10120988
5 + 738515 + 0652847 10325424
10 6.27328 . 554558 277279
15 18,5191 1.463709 .818544

20 . 32,0187 2.83045 1,41522

END OF TEST SERIES

E-5




SPLIN2 PROGRAM - 02/22/82 Vi

TEST IDl! REXNORD GRVL BED FLTR TEST B8/28 1440 CLINKER COOLER UNCONT.

PROCESS WEIGHT RATE = ¢ TONS PROD. /HR
TOTAL PARTICULATE EMISSION RATE = O LE/HK
PARTICLE DENSITY = 1 G/CC

INFUT DATA:

MEASURED PARTICLE SIZE DISTRIBUTION
RAW LOALIING

OUTPUT DATAS

TF EMISSION FACTOR =

CUT Cum) < CUT CUM. % < CUT
.43 13.5 i 63287
.87 2,64 4756631
1.4 3.26 909457
3.1 644 1.21136
4.7 9.3 1.64734
200 2098 100

B.84 LB/T ( 4.4

EMISSION FACTOR

CUT (umA)  CUM. % < (LB/T) (KG/HT)
. 625 629739 . 0556489 0278345
1 801271 0708324 0354162
1,25 .872015 0770861 038543
2.5 1.,08396 . 0958217 0479108
5 1.86134 164543 0822714
10 8,43077 745281 37264
i3 20,0571 1.77305 886523
20 32,1942 2.84597 1.42298

END OF TEST SERIES

E-6

2 KG/MT)



SPLIN2 PROGRAM - 02/22/82 Vi

TEST Ilt REXNORD GRVL BED FLTR TEST 8/29 1015 CLINKER COOLER UNCONT.

PROCESS WEIGHT RATE = O TONS FROD. /HR
TOTAL PARTICULATE EMISSION RATE = O LE/HKR
PARTICLE DENSITY = 1 G/CC

INPUT DATA:

MEASURED PARTICLE SIZE DISTRIRUTION
RAW LOADING

CUT (um) < CuT cuM. % < CUT
63 4,89 251287
.87 2,04 : 325489
1.4 2,31 . 409938
3.1 7 . 44 . 681284
4.7 12,2 1.12423
200 2711 100

QUTPUT DATA: TP EMISSION FACTOR = g.84 LB/T ( 4.42 KG/MT)

EMISSION FACTOR

CUT (umA) CuM. Z < CUT (LB/T) (KG/MT)
+ 625 + 24942 » 0220488 +0110244
1 + 348808 + 0308347 0154173
1,25 ¢ 387148 e 0342239 017112
2.9 + 363013 0497703 0248852
. ] 1.3178 ¢ 116493 + 05824467
@ 10 779999 + 689519 + 34476
; 135 19.8807 1.75745 +878725
| 20 32,5291 2.87557 1,43778

END OF TEST SERIES




SPLIN2 PROGRAM - 02/22/82 V1

TEST IB! REXNORD GRVL EED

TA FROCESS WE

MEASURED PARTICLE
RAW LOADIING

CUT (um) < CuT
63 1,43
+87 42
1.4 2442
J.1 2.34
4,7 14.4
200 2131

QUTPUT DATA:

CUT (umA) cuM. % < CUT
0660233
«108576

+ 162436

+ 431709
1.53142
8.99977
21,502

33.9387

B bs lne UTPD b = o
- - o\

L R

th

S D

END OF TEST SERIES

SIZE DISTRIE

TP EMISSION FACTOR =

IGHT RATE = ©

UTION

UM, % < CUT

0662341
0855874
197776
+ 630382
1.29735
100

8.84

LB/T «

TONS FPROLD., /HR
TOTAL PARTICULATE EMISSION RATE = O LE/HR
PARTICLE DENSITY = 1 G/CC

4,42

EMISSION FACTOR

(LE/T)

U +83644E~03
?.59815E-03
« 0143593

+ 039931

+ 135378
7953579
1.90078
3.00018

(KG/MT)

2,91823E-03
4.79907E-03
7017967E-03
+ 01994655
00676888
139779
1950389
1,50009

FLTR TEST 8/29 1400 CLINKER COOLER UNCONT,.

KG/MT)




SPLIN2 PROGRAM - 02/22/82 W1
TEST ID? REXNORD GRVL BED FLTR TEST 114 1100 CLINKER COOLER UNCONT.

INPUT LDIATA:

MEASURED PARTICLE SIZE DISTRIBRUTION
RAW LOADNING

CUT (um) < CuT cuM. x < CUT
- X 1.54 +0614437
87 .12 ) 0662315
1.4 2.4 1561988
3.1 .9 ‘ . 341024
4.7 18.8 1.29112
109 2474 100

OUTPUT DATA:

CUT (umA) CuM. X < CUT

+ 0613894
. 0844318
+ 130475
+ 373483
1.38744
0 12,828

15 31.2133
20 47,3594

o~
r
)]

- -
ey
wh

NP ket et os

END OF TEST SERIES

E-9




SPLIN2 PROGRAM - 02/22/82 V1

TEST ID REXNORD GRVL BED FLTR TEST 11/4 1430 CLINKER COOLER UNCONT.

INFUT DaTal

CUT Cum) CUT CuM. % < CUT
63 1.47 0745323
.87 © .53 101404
1.4 3.7 289003
3.1 10.7 ) .831517
4.7 14,9 1.58498
200 1941 100

DUTPUT DATA?

CUT (umA) CuM. 2 < CUT

+ 625 0742731
1 » 13809

1:23 + 229001
2.5 + 620457
4] 1.84401
10 9?.52588
15 21.8592

20 34,034

END BF TEST SERIES
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SPLIN2 FROGRAM - 02/22/82 V1
TEST Ib: REXNORD GRVL BED FLTR TEST 114 1435 CLINKER COOLER UNCONT.

INFUT DATA!?

MEASURED FARTICLE SIZE DISTRIBUTfDN
RAW LOADING

CUT (um) < CUT CUM. % < CUT
.63 1,52 0836705
.87 | 67 ©.120552
1.4 2.53 ., 259819
3.1 8.53 729365
4.7 12,4 1.41194
200 1791 100

QUTPUT DATAR

CUT {umA) CuM. % < CUT

. 0830518
+ 15098
« 217659
+ 5401463
1.56519%
?.10763
21.4794
33,8098

o
P
(4]

P = bt () oy
UM
o

oo

END OF TEST SERIES




SFPLIN2 FROGRAM -~ 02/22/82 vi1 -

TEST In: REXNORD GRVL BED FLTR TEST 11,5 0935 CLINKER COOLER UNCONT,

INPUT DATA:

MEASURELD FPARTICLE SIZE DISTRIBUTION
RAW LOADING

CUT (um) < CUT CUM. X < CUT
.63 1.37 . 0548387
.87 W23 066381
1.4 1,12 .112848
3.1 14.5 714425
4.7 9.11 1,09233
200 2384 100

QGUTPUT DATA?

CUT (umir ) CuM. % < CuTt

Cr
(%)
n

05674

0743154
+ 0957273
479315
1.27271
7 .41557
19,3026
31,9932

- ->
K e
it

FI 1 = (P .

Qo

END' OF TEST SERIES
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SPLLIN2 FROGRaAM - 02/22/82 V1

TEST IlD: REXNORIDI OGRVL BED FLTR TEST 11/5 0930 CLINKER COOLER UNCONT.

INPUT DATA:

MEASURELD' PARTICLE SIZE DISTRIBUTION
RAW LOADING

CUT (um) < CcUT
063 : 69
+87 +03
1.4 1.32
J.1 7.91
4,7 : 14,56
200 _ 2453

QUTPUT DATA:

CUT {(umaA) CuMd. % <«
625 . 027840
1 . 038279
1.25 « 083617
2.5 + 243899
5 _ 1.18597
10 8.54824
15 21.5815
20 34,3767

ENID OF TEST SERIES

cuT

7
4

2
P

cuM. X < CUT

0278545
0290657
» 0823527
+ 3BGT24
974911
100

EMISSION FACTOR

(LEAT)

2.0268E-03
2.78B674E-03
4,83133E-03
.0181198
. 08463383
829593
1.57114
2.50263

E-13

(KG/MT?

1.0134E-03
1.39337E-03
2.315658E-03
7.03991E-03
04314692
314797
+78557

1,.25131




SPLIN2 PROGRAM - 02/22/82 V1
TEST ID: REXNORD GRVL BED FLTR TEST 11/5 1415 CLINKER COOLER UNCONT,

INFUT DATA:

MEASURED PARTICLE SIZE DISTRIBUTION
RAW LOADING

CUT (um) £ CUT CUM. X < CuT
.63 11.2 24079
.87 4,37 +334742
1.4 3.31 405904
3.1 7,97 577252
4.7 17.5 . 953487

200 44607 100

OUTPUT DATA:

CUT (umA) CuM. X < CUT

o~
% ]
a

+ 238353
35747
» 388734
v524195
1,12431
7.30849
19.4183
- 32,297

P b bt U P e e e
- -
[N
o

S NMo

END OF TEST SERIES
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SPLIN2 FROGRAM —~ 02/22/82-V1
TEST In! REXNORD GRVL BED FLTR TEST 11/5 1415 CLINKER COOLER UNCONT.

INFUT DATA:

MEASUREL FARTICLE SIZE DISTRIBUTION
) RAW LOADING

CUT Cum) £ CUT CuM. % < CUT
.63 14,4 , 335123
.87 3.42 . 415953
1.4 4.02 509787
3.1 10.4 757212
4.7 19,7 1.21705
200 4232 100

OUTPUT DATA:

CUT (umA) CUM. X < CUT

+ 625 + 334103
+ 442371
S +485414
+ 641642
1.41512
0 796363
15 19.9808

20 J2.325

*
*

e

L P

END OF TEST SERIES

E-15




TEST ID3

INFPUT DATA:

REXNORT

SPLIN2 PROGRAM - 02/22/82 W1

GRVL EED

PROCESS WEIGHT RATE =
TOTAL PARTICULATE EMISSION RATE = 0

PARTICLE DENSITY = 1 G/CC

MEASURED PARTICLE SIZE DISTRIBUTION

CUT (um)

.58
.82
1,35
2.9
b4
6.2
10.1
14.3
200

OUTPUT DATA:

CUutT (umA)

é

rJ
Ln

&

e

*
*

[ I 6 I

10
15

20

RAW LOALING

< CUT

1.49
75
2.13
4.41
4,83
2.9
24,97
2.77
2.89

TP EMISSION FACTOR =

CUM, "% <

66775
12.803
16.8045
31.4062
60,0893
77.207
89.46819
76.1154

ENDI' OF TEST SERIES

CuM.

Z < CUT

S5.97195
?.81944
18,3567
36,0321
5953.3908
67.014

77,3146

88,4148

100

0 TONS PROD.

+284 LB/T (

EMISSION FACTOR

(LE/T)

10187641
01 03636461
10477249
+ 08919354
0170654
+ 219268
+ 254697
+ 272968

E-16

(KG/MT)

FLTR TEST 8/25 1440 CLINKER COOLER CONTR.

/HR
LB/HR

142 KG/MT)

?.48205E-03

+0181831
0238624
0445948
0853248
1109434
+ 127348
1136484




SPLINZ PROGRAM ~ 02722782 V1

TEST II' REXNORD GRVL EREDR FLTR TEST 8/25 1440 CLINKER COOLER CONTR.

INFUT DATA:
PARTICLE DENSITY = 1 G/CC

HEASURED FARTICLE SIZE DISTRIBUTION
RAW LOADNING

PROCESS WEIGHT RATE = 0 TONS PROD. /HR
TOTAL PARTICULATE EMISSION RATE

= 0 LE/HR

CUT (um) ¢ cuT CUM. X < CUT
.58 1.32 8.95522
.82 .15 9.97286
1.35 1.56 20.5563
2,9 3.07 41.394

4.4 T 1.74 53.3243
5.2 .9 59.4301
10.1 .45 62,4831
14.3 2.74 81.0719
200 2.79 100

CUTPUT DATA!

TP EMISSION FACTOR = 2

LB/T ( .142 KG/MT)

EMISSION FACTOR

CUT (umA) CuM. Z < CUv (LB/T) (KG/MT)
« 6205 9.10535 . 0238592 01292946
1 13.2698 0376862 .0188431
1.25 18.4785 + 052479 0282393
2.9 37.1069 » 105384 0326918
9 55.935 « 158912 0724561
10 63,5317 + 180487 0902434
15 83.2171 0236336 .1181468
20 94,8029 + 26924 13462

ENDIN OF TEST SERIES
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SFLIN2 PROGRAM —-02/22/82 V1

TEST In¢

INFUT DATA:
PARTICLE DENSITY = 1 G/CC

MEASURED FARTICLE SIZE DISTRIRUTION
kAW LOADING

.98 21 +86100¢7
.82 74 4,71505
1.35 3.34 18,4912
4.4 S5.%97 60,2294
6.2 3.55 74.7848
10.1 2.19 83,7439
14,3 1.57 20,2009
200 . 2.39 : 100

QUTPUT DATA: TF EMISSION FACTOR = .284 LB/T

EMISSION FACTOR

REXNORD GRVL BEDI' FLTR TEST 8/26 1119 CLINKER COOLER CONTR.

PROCESS WEIGHT RATE = 0 TONS FROLD. /HK
TOTAL PARTICULATE EMISSION RATE

= 0 LE/HR

€ 142 KG/MT)

CUT (umA) CUM. % < CUT (LE/T) (KG/MT)
. 625 1.30917 3.71804E-03  1.85902E-03
1 9.01402 00255998 001 27999
1.25 15,7058 20446044 0223023
2,5 31,1306 +088411 0442055
5 66,2842 «188247 0941234
10 83,6507 « 237548 .118784
15 90,9626 « 258334 129167
20 94,9789 26974 +13487

ENIl OF TEST SERIES
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SPLINZ PROGRAM -~ 02/22/82 V1

TEST ID: REXNORD GRVL BED FLTR TEST 8/26 1124 CLINKER COOLER CONTR.

INPUT DATA: PROCESS WEIGHT RATE = 0 TONS PROD. /HR

TOTAL PARTICULATE EMISSION RATE = 0 LE/HK
PARTICLE DENSITY = t G/CC

MEASURED FARTICLE SIZE DISTRIBUTION
RAW LOADING

CUT Cum) < cuT CuM. X < CuT
.58 .33 1.14345
.82 .71 3.6035
1.35 2.33 11.6771
2.9 S. 46 30.596
4.4 | 6445 , 52,9453
4.2 4.47 48.4338
10.1 3.06 . 79.0347
14.3 2.24 84,7983
200 . 3.8 ' 100

QUTPUT DATA: TP EMISSION FACTOR = 4284 LB/T (  .142 KG/MT)

EMISSION FACTOR

CUT (umA) cuM. %L < CUT (LE/T) (KG/MT)
e 625 1.498%9 4,23689E-03 2,12844E-03
1 46.,08288 e 0172754 8.63769E-03
1.25 10.0044 +0284124 +0142083
2.5 25.5287 +0725014 0362507
S 59.2083 + 168152 +0840758
10 78.9944 224061 +11203
15 7.7345 v 249166 »124583
20 22,7485 e 263406 131703

ENDI OF TEST SERIES
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SFLIN2 PROGRAM ~ 02/22/82 V1

TEST ID:
INFUT DATAG PROCESS WEIGHT RATE = O TON
PARTICLE DENSITY = 1 G/CC

MEASUREDR PARTICLE SIZE DISTRIBRUTION
RAW LOADING

CUT (um) < CUT CuM. % < CUT
.58 10,2 22,0207
.82 .97 : 24,1149
1.35 2,38 29,253
2,9 6.09 42,4007
4.4 7 .64 58,8947
6.2 4,75 4941494
10.1 2.84 75,3238
14,3 2,34 80.3757
200 9.09 100

OUTPUT DATA: TP EMISSION FACTOR = .,284 LEB/T

EMISSION FACTOK

L]
I

RO

3
TOTAL PARTICULATE EMISSION RATE

REXNORL GRVL BEDI' FLTR TEST 8/2& 13515 CLINKER COOLER CONTR.

£

0 LE/HR

¢ 4142 KG/MT)

CUT Cumd) CUM. % < CUT (LE/T) (KG/MT)
0425 22,3893 . 04635856 0317928
1 25,8958 + 0735442 0357721
1.25 28,3023 +0803785 .0401893
2.5 38.4325 .109716 ,0548582
5 63,1635 .179384 0896922
10 75.2504 \ 213711 106856
15 81,0395 .230152 115076
20 84.8653 +241017 120509

END OF TEST SERIES
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SFLIN? PROGRAM - 02/22/82 \1

TESf ID: REXNORD GRVL BED FLTR TEST 8/24 1515 CLINKER COOLER CONTR.

PROCESS WEIGHT RATE = 0 TONS PFROI. /HR
TOTAL FARTICULATE EMISSION RATE = O LE/HR

; INPUT DATA:
¥ . PARTICLE DENSITY = 1 G/CC

MEASURED PARTICLE SIZE DISTRIRUTION
"RAW LOALIING

- CUT (um) < CUuT CUM. % < CuT
| .
.58 1.1 _ 2.98832
.82 . 1.52 7.11753
1.35 3.11 15,5664
‘ 2.9 6.14 2.2447
| 4.4 .21 49,1171
? b.2 3.9 59.712
14,3 2.54 75.9033
200 8.87 . 100

OUTPUT DATA: TP EMISSION FACTOR = ,284 LB/T ( .142 KG/MT)

EMISSION FACTOR

CUT (umA) CuM. % « CUT (LR/T) (KG/MT)

06235 3.48358 + 01044677 5.23383E-03
1 10.0951 + 02846702 «+0143351
1.25 14,0287 . 0398415 .0199208
2.5 28,0358 + 0796217 0398109

S 53.3807 + 151601 0758006

10 68,8504 + 195535 0977676

15 76,8012 +218115 109038

20 81.9322 « 232688 +116344

ENDI OF TEST SERIES

E-21




SFLIN2 PROGRAM - 02/22/82 V1

TEST ID¢
INPUT DATAZ

FROCESS WEIGHT RATE = 0 TONS PROD.

TOTAL FARTICULATE EMISSION RATE = 0

PARTICLE DENSITY = 1 G/CC
MEASURED PARTICLE SIZE DRISTRIBRUTION

RAW LOALING

CUT (um? _ < CUT CuM. X < CUT
58 93 2.12349
+82 1,54 S5.5483
1.35 3.48 13,4082
2.9 7414 29.9794
4.4 7.8 47,8162
6.2 4,37 97« 8093
10.1 3.14 54,9897
14,3 3,31 72.5589
200 12 . 100

CUTPUT DATA: TF EMISSION FACTOR =

284 LB/T (

EMISSION FACTOR

CUT {umA) CuM. Z < CUT (LE/T)
+ 525 2.569324 7 . 6488E-03
1 8.37421 . 0237884
1.25 12,1146 « 0344006
2.5 25.7293 0730711
o 91.9623 0147573
10 64.9145 « 184357
15 73.5565 +208901
20 79.3079 0225234
END' OF TEST SERIES
E-22

(KG/MT)

+0118942
0172028
0365356
0737865
0921784

210445

112617

REXNORD GRVL BED' FLTR TEST 8/27 1100 CLINKER COOLER CONTR.

/HR
LE/HK

+142 KG/MT)

3, 8244E-03



TR —— T T T R — —

TEST ID2

INFUT DATA:

MEASURED
CUT ¢um)

+ 58
+82
1.3%
2.
4,4
o2

10.1
14,3
200

OUTPUT DATA:

CUT C(umA)

REXNCRI!

SPLINZ PROGRAM - 02/22/82 V1

GRVL BED

FLTR TEST 8/27 1150 CLINKER COOLER CONTR.

FPROCESS WEIGHT RATE = O TONS FROL. /HR
TOTAL PARTICULATE EMISSION RATE = 0 LE/HK

PARTICLE

< CUT

1,43
1.41
4,14

7.3

6.31

S.21
3.93
5.3

7.+98

DENSITY = 1 G/EC

FARTICLE SIZE DISTRIBUTION
RAW LOADING

CuM. % < CUT

3.30942
5.97255
16,1537
33.3108
48,1137
60.1713
69,2664
81.3321
100

TF EMISSION FACTOR = .284 LB/T (  .142 KG/MT)

CuM. X <

3.85397
?.72082
14,3243
29.4809
52.8883
69.2193
83.0278
21,0638

ENI!' OF TEST SERIES

EMISSION FACTOR

CLE/T) (RKG/MT) .
¢ 0109453 5.47264E-03
+ 0276071 +0138036
+04046809 «0203405
« 0837257 0418629
+ 150203 0751013
+196583 0982914
235799 1179
« 258621 129311

E-23




SPLIN2 FROGRAM - 02/22/82 Vi

TEST ID: REXNORD GRVL EREDI' FLTR TEST 8/27 1515 CLINKER COOLER CONTR.

INFUT DATA: PROCESS WEIGHT RATE = 0 TONS PROID. /HR
TOTAL PARTICULATE EMISSION RATE = O LH/HR

FARTICLE DENSITY = 1 G/CC

MEASURED FPARTICLE SIZE DISTRIERUTION

RAW LOADING

CUT (um) CuM. X < CUT

. < cuT
.58 1.54 4,07407
.82 1.77 8.75642
1.35 4.34 20,291
2.9 7 .43 39.9471
4.4 5.54 54,6561
6.2 4,02 65.291
10.1 2.99 72,9365
14.3 2.83 80,4233

200 7.4 100
OUTPUT DATA: TP EMISSION FACTOR = .284 LB/T ( - .142 KG/MT)

EMISSION FACTGOR

CUT TumA) CUM. % < CUT (LE/T) (KE/MT)
. 4625 4,846637 . 0138205 6.91024E-03
1 12.703 00360766 .0180383
1.25 18,1478 . 05159464 0257982
2.5 35.5927 +101083 0505416
5 58,9552 « 167433 0837164
10 72.8557 + 20691 +103455
15 81,372 231096 .115548
20 86,6457 . 24613 + 123065
END OF TEST SERIES
E-24



‘SPLINZ FROGRAM ~ 02/22/82 V1

TEST IDI! REXNORD GRVL BED FLTR TEST 8/27 1515 CLINKER COOLER CONTR.

INFUT DATA:
FARTICLE DENSITY = 1 G/CC

MEASURED PARTICLE SIZE DNISTRIBUTION
RAW LOADING

CUT (um) < CUT CuUM. % < CUT
+ 38 .9 2.26472
82 1.47 S.94377
1,35 4.01 15,0544
2.9 46.99 33,6437
4,4 S 7411 51,535
4.2 J.12 59.3886
10.1 2.48 63,8246
14,3 2.28 71,3138
200 11.4 100

OUTPUT DATA? TF EMISSION FACTOR = ,284 LB/T

EMISSION FACTOR

CUT (umA) CuM. * = CUT {(LEB/T)

FROCESS WEIGHT RATE = 0 TONS FROIi. /HK

TOTAL PARTICULATE EMISSION RATE = 0 LE/HR

( 142 KG/MT)

{RKG/MT)

+ 8625 _ 2.84358 8.,08207E-03 4.04104E-03
1 ?.30074 0264141 «0132071
1.25 14,1218 + 0401054 0200527
2.9 29.29935 0832104 +0416052

9 54,8729 + 153839 0779195

10 65,5378 +186127 0930637

15 72,0943 0204748 102374

20 74,7437 + 217932 « 108976

ENDr OF TEST SERIES
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SFLIN2 FROGRAM ~- 02/22/82 V1

TEST ID! REXNORD GRVL BED FLTR TEST 8/28 1045 CLINKER COOLER CONTR.

INFUT TtATAS FROCESS WEIGHT RATE = 0 TONS FROL. /HK

TOTAL PARTICULATE EMISSION RATE = ¢ LE/HR
PARTICLE DENSITY = t G/CC

MEASURED PARTICLE SIZE DISTRIRUTION
RAW LOADRING

CuT (um) < CUT CuUM. % < CUT
.S58 _ 1.51 5.09171
.82 ' 1,15 8.72885
1,35 2.71 17.2992
2.9 : 5.17 33.564%6
4,4 &6.23 53.3523
5.2 3417 63.3775
10.1 2.2 70.3352
14,3 2,22 773551
200 7.14 100

OUTFUT DATA: TP EMISSION FACTOR = 284 LB/T (  .142 KG/NT)

CUT {umaA)

Cr~
3
LA

- -
Loy
L)

[ Nl U B O I g

oW O

CUM., % <

S.74516
11,7048
15.7337
29.2474
S7 5773
70,2514
78.286353
83.4329

END OF TEST SERIES

- EMISSION FACTOR

(LE/T) (KG/MT)
.0163162 8.15812E-03
. 0332415 ,0164208
0446838 0223419
. 0830626 0415313
+ 143519 ,0817597
. 199542 0997711
.222274 (111137
. 236949 118475
E-26




SPLIN2 FROGRAM - 02/22/82 V1

TEST ID: REXNORD GRVYL RED FLTR TtST 8/29 1045 CLINKER COOLER CONTR.

PROCESS WEIGHT RATE = 0 TONS FROD. /HR
TOTAL PARTICULATE EMISSION RATE = O LE/HK

FARTICLE DENSITY = 1 G/CC

INFUT LDATAL

MEASURED FARTICLE SIZE DISTRIRUTION
RAW LOADRING

CUT Cum) < CUT CuM. % < CUT
.58 1.79 5.71702
.82 .88 8.52763
1.35 2.58 16,7678
2.9 5 .35 33.855
4.4 4.4 47.908

.2 4,35 61.8014
10,1 2,25 68.9875 .
14.3 1.97 75,2795
200 7.74 100

CUTFUT DATA:

TF EMISSION FACTOR = .284 LB/T (

EMISSION FACTOR

+142 KG/MT)

CUT (umA) CuM, % < CUT (LE/T) (RG/MT)

+ 525 5.20215 0176141 8.80706E-03
1 11,2987 « 0320884 10160442
1.25 15,2334 « 04324627 + 02146314
2.9 29.8337 + 0847277 0423639

3 53,4457 + 151789 +0758943

10 48,924 + 19575 0978749

1% 74,1115 216157 .108078

20 80.9371 + 2298461 114931

ENDN OF TEST SERIES
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SFLIN2 FROGRaAM - 02/22/82 V1

TEST IN: REXNORD GRVL BED FLTR TEST 8/28 1415‘CLINKER COOLER CONTR.

FROCESS WEIGHT RATE = 0 TONS PROD. /HR
TOTAL FARTICULATE EMISSION RATE = 0 LE/HR

FARTICLE DENSIYTY = 1 G/CC

INFUT DATAS

MEASURED FARTICLE SIZE DISTRIBUTION
RAW LOADING

CUT {um) < CuT CuM. x < CUT
+58 9.73 15.4074
82 1.92 20.57
1,33 3 28,6367
2.9 S.97 43,6139
4.4 S.26 97,7575
6.2 3.25 66,4964
10.1 - 2. 73,4875
14.3 2.14 79.2417
200 7.72 100

OQUTPUT DATA: TP EMISSION FACTOR = .284 LB/T ( .142 KG/MT)

EMISSION FACTOR

CUT {umA.) CuM. X < CUT (LEBR/T) (KG/MT)

+ 825 16,4463 e 04467 642 +0233821
1 23,6293 + 0671077 +0335538
1.25 27.2883 0774988 0387494
2.5 39.9041 +113328 +0564639
o 61,3235 + 174159 0870793
10 73,3873 « 20842 +10421

15 792.9919 227177 113588
20 84.2833 + 2393635 0119682

ENDI OF TEST SERIES
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SPLIN2 PROGRAM - 02/22/82 Vi1

TEST ID! REXNORD GRVL BED FLTR TEST 8/28 1415 CLINKER COOLER CONTK.

INFUT DATAS

CUT (um)

+ 58
.82
1.35
2.9
4.4
6.2
10.1
14,3
200

QUTPUT DATA:

CUT (umA)

PROCESS WEIGHT RATE =
TOTAL FARTICULATE EMISSION RATE = O

FARTICLE DENSITY = 1 G/CC

< Cut

4.67
1,53
2.7

6'0 67
4,88
3.48
2,248
2.94
G449

TP EMISSION FACTOR =

CuM. %X <«

14,1999
20.44602
24,0315
40.0748
62.6498
75.2909
84.8046

90.5017

END' OF TEST SERIES

MEASURED' FPARTICLE SIZE DISTRIRUTION

RAW LOADING CUM. % < CUT

13.3276
17,6941
25,3995
44,4349
58,3619
68,8642
75.3139
83.7514
100

¢ TONS PROD.

.284 LB/T (

EMISSION FACTOR

(LBR/T)

0403277
+ 0381047
+ 0682494
+113813
177925
« 213825
+ 240849
¢ 2570295

E-29

(KG/MT)

.02014638
+0290335
0341247
0569063
+ 0889627
+ 106913

+ 120425

+128512

/HE
LE/HKR

142 KG/MT)




TEST ID:

INFUT DATAZ

SFLIN2 FROGRAM ~- 02/22/82 V1

REXNORIY GRVL BED FLTR TEST 8/29 1000 CLINKER COOLER CONTR.

FROCESS WEIGHT RATE = 0 TONS PROI. /HR
TOTAL PARTICULATE EMISSION RATE = 0 LR/HR

PARTICLE DENSITY =1 G/CC

HEASURED PARTICLE SIZE DISTRIEBUTION

CUT (um)

.58
.82
1.35
2.9
4.4
6.2
10.1
14.3
200

SUTFUT DATA!L

CUT (uma)

RAW LOADNING

< cuT CuUM. 2 < CUT
3.98 10,2869
1.7 14,4808
2,53 21.22
S.13 34,4792
S.77 49,3924
4,14 40,0931
3.11 . 48.1313
2.13 73,8384
10.2 100

TP EMISSION FACTOR = .284 LB/T (  .142 KG/MT)

EMISSION FACTOR

CuM. Z < CUT (LE/T) (KG/MT)
11,1847 +0317 644 0158822
17.1466 10486943 0243482
20,1038 00571006 .0285503
30,9301 0878414 +0439207
S53.6993 + 152506 0762531
68.0011 +193123 0965616
74.3824 2112446 «105623
78.78648 + 223755 2111877

END OF TEST SERIES
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SPLINZ PROGRAM - 02/22/82 V1

TEST ID! REXNORD GRVL BED FLTR TEST 8/29 1000 CLINKER COOLER CONTR.

INPUT DATA! PROCESS WEIGHT RATE = 0 TONS PROD. /HR
TOTAL PARTICULATE EMISSION RATE = 0 LEB/HR
PARTICLE DENSITY = 1 G/CC

‘MEASURED PARTICLE SIZE DISTRIBUTION
RAW LOADING

CUT (um) < CUT cuM. 2 < CUT
« 58 A 3.82 12,2045
+82 1.23 16,1342
1.33 ‘ 2.57 24,345
2.9 5.21 40.9904

- 4.4 6,27 61.0224
6.2 3,05 70.7668
10,1 1.76 76,3898 .
14.3 1.6 81.3014
200 5.79 100

OUTFUT DATA: TP EMISSION FACTOR = .284 LB/T (  .142 KG/MT)

EMISSION FACTOR

CUT (umA) CuM. Z < CUY (LB/T) (KG/MT)

+ 625 12,9563 +0367938 +0183979
1 19.09467 10542347 0271173
1.25 22.9004 + 065037 +0325185
2.5 36,4326 + 1034469 0517343
S 63542067 .185187 » 0925936
10 76.3313 +216781 10839
ig 82.1678 + 233357 11464678

85.9804 : 244184 + 122092

END OF TEST SERIES
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SPLIN2 PROGRAM - 02/22/82 V1

TEST IDI! REXNORIH GRVL EED FLTR TEST 8/29 1400 CLINKER COOLER CONTR.

INPUT DATA: PROCESS WEIGHT RATE = O TONS PROD. /HR
TOTAL PARTICULATE EMISSION RATE = O LB/HR
PARTICLE DENSITY = 1 G/CC
MEASURED PARTICLE SIZE DISTRIBUTION
RAW LOALDING

CUT (um) ¢ CUT CUM. X < CUT
.58 1,27 7.53709
.82 1.28 15,1335
1,35 2,3 28,7834
2,9 3.93 52,1068
4.4 1,55 61.3056
6.2 1,15 68,1306
10.1 1.17 75,0742
14,3 1.51 84,0356
200 2,49 100

OUTFUT DATA? TP EMISSION FACTOR = .284 LB/T ( ,142 KG/MT)

EMISSION FACTOR

CUT (umA) CuM. % < cut (LB/T) (KG/MT)
625 B8.91414 « 0253162 ,0126581
1 20,1553 0572411 ,0284209
1.25 26,4484 «0751136 +0375568
2.5 47 .8679 . 135945 0679725
S 63,9845 .181722 ,0908608
10 75.0186 v 213053 +106526
15 85.134 241786 «120893
20 91,0908 + 258698 « 129349

END' OF TEST SERIES
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' SFLIN2 PROGRAM - 02/22/82 Vi

TEST II: REXNORD GRVL BED FLTR TEST 8/29 1400 CLINKER COOLER CONTR.

FROCESS WEIGHT RATE = O TONS PROD. /HR
TOTAL PARTICULATE EMISSION RATE = 0 LE/HR
PARTICLE DENSITY = 1 G/CC

INFUT DATA!

 MEASURED PARTICLE SIZE RISTRIBUTION

CUT Cum) RAW LOAD'ING  cuy, % < cuT

< Cur

« 58 1.03 3.3409
82 + 93 : 6.35744
1.35 3.07 16,3153
2.9 ' 4.1 36,1012
4.4 09.19 592.9355
6.2 3.35 63.8015
10.1 2.56 72.1051
14,3 1.48 77 ¢ 3543
200 65.92 100

CUTPUT DATA: TP EMISSION FACTOR = .284 LB/T (  .142 KG/MT)

- EMISSION FACTOR
CUT (umA) CuM. Z < CUT (LB/T) (KG/MT)

« 625 3.8355 0108928 S.445641E-03
1 ?.53263 10270727 +0135363
1.25 14.36 + 0407823 +0203911
2.3 31.4461 + 0893047 04448533

S 97 « 3494 + 162872 0814361

10 71.9675 + 204388 +102194

15 78.2745 2223 11115

20 82.4492 « 234156 +117078

ENDI' OF TEST SERIES
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SFELING FROGRAR - 03,227,321
TEST ID:IREXNORD GRVL EED FLTR TEST 11/3 1545 CLINKER COOLER CONTKR.

INFUT DATA:R

MEASURED PARTICLE SIZE DISTRIFUTION
RAW LOADING

CUT (um) < CUT CuM. X < CUT
57 1.15 - 4.7817
J9 96 8.77339
1.3 2.56 19.4179
2.8 9.45 58.711
4,2 "8.01 72,0166
é +43 ?3.8046
9.8 o4 95.4678
13.9 +43 97,2557
200 266 100

JUTFUT DATA:

CUT (umA) CUM. % < CuT
625 5.71449

1 12.9081
1.25 18,3125
2.3 50,9708

5 93,4488
10 95,5874

15 97 .53884
20 98.46438

END OF TEST 3ERIES
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BELIND PROGKAR —~ 02/22/873 41

INFUT DATA:

HEASURED FARTICLE SIZE DISTRIBUTION
RaW LOADNING

CUT (um) < CUuT Cud. 2 < CUT
37 : W57 6.97674
J9 1.02 19.4614
i~3 2.58 51,0404
2.8 2,43 . B3.2313
4.2 .64 91,064%
é .18 93,2681
9.8 .19 95.5934
13,9 ) W13 97.1848
200 +23 100

SQUTFUT DATA?

ZUT {uma) cuH. 2 < Cuv

425 9.461859
1 32,9189
1.25 47 ., 9794
2.5 79.9024
S 92,2836
10 95.6%6
15 97 . 4834
20 98,4505

END! OF TEST S5ERIES
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SFLIND FROGRAR - 00/22/82 01

INFUT DIATA:

MEASURED FARTICLE SIZE RISTRIEBUTION
RAW LOADNING

CUT (um) < CuT CuM. % = ¢ut
57 .38 4.6285
J9 .48 12,9111
1,3 2.22 ' 39.9513
2.8 3.36 . 80.877
4.2 .92 - 92,0828
3 : .34 96,2241
9.8 .16 98,173
13.9 14 99.8782

200 .01 100

QUTFUT DATA:R

SUT {uma)d CuM™, % < CuT

0625 6432592
1 23.5338
1.25 37,0932
2.5 76.0017
S P4.4541
10 98.2987
13 100.05
20 100.425

END' OF TEST SERIES
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TEST ID:REXNORD GRVL ERED FLTR TEST 11/5 0945 CLINKER COOLER CONTR.

INFUT DIATAL

SFLING FROGRAM - 022200820 )

HWEASURED FARTICLE SIZE DRISTRIRUTION

CUT ¢cum)

OUTFUT DATaA!

SUT fumd)

RAW LOADING
< Cut

.‘97
+86
2.91
3.78
1.14
« 61
+ 31
+ 49
+ 99

cus., X < CuT

END OF TEST SERIES

CuM. % < CUT

8.16498
15.404
36332
68.3502
78.1145
83.2492
87.3421
?1.6657
100

E-37




GRLIND FROGRAR - 05/ 00,82 U1
TEST IN:IREXNORD GRVL BED FLTR TEST 11/5 0945 CLINKER COOLER CONTR.

INFUT DATA:

HEASURED PARTICLE SIZE RISTRIEUTION

RAW LOALGING

CUT (um) < CuTt Cud., Z < CUT
57 1.12 16.2319
J? 1.03 31.1594
1.3 1.16 47.971
2.8 + 85 597.3913
4,2 o2 60,2899
4 T.) 68.4058
9.8 ¢ 38 73.92131
13.9 + 45 80.4348
200 1,35 100

JUTEUT LATA:

CSUT fumd) CUHM., * < CuT

635 20,0984
1 39.8803
1.25 46.7291
2.5 56.4482
5 64.386

10 74,3649
15 81.7644
20 84.3878

END' OF TEST SERIES
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RESULTS OF SPLINE ANALYSES FOR REFERENCE 26A AND 26B
(SECTICN 4.0) ,

Hunter, 5. C., et ai., Appiication of Combustion iModifications 1o
Industrial Combustion Equipment, EPA-600/7-79-015a (NTIS PB 294
214y, U.5. Environmental Protection Agency, Research Triangle Park,
NC, January 1979; and

Hunter, S. C., et al., Application of Combustion Modifications to
Industrial Combustion Equipment: Data Supplement A, EPA-600/7-79-015b
(NTIS PB 293888), U. S. Environmental Protection Agency, Research
Triangle Park, NC, February 1979.

E-39




TEST ID:
INPUT DATAZ

SFLINZ PROGRAM - 02/22/82 Vi1

KVR/EPA

TEST RUN 3-2 MULTICLONE OUTLET

PROCESS WEIGHT RATE = 0 TONS PROD./HR
TOTAL PARTICULATE EMISSION RATE = 0 LE/HR
PARTICLE DENSITY = 1 G/CC

MEASURED SIZE DISTRIBUTION

CUT(um)

sl
+85
1,68
2.49
4,25
15

200

OUTPUT DATA:

CUT ¢umA)

6

r)
o

o

2
=
*

bt U B b o

0

15
20

CuM.

TP

Z < CUT

ci4
.97,

2
3.74
11.75
30.91
100

EMISSION FACTOR = 249.2 LB/T ( 124,45 KG/MT)

EMISSION FACTOR

END OF TEST SERIES

CuM. % < CUT (LE/T) (KG/MT)
+6182463 1.54071 + 770355
1.13034 2.8168 1.4084
1.40554 3.50261 1.7513
3.82099 9.521¢9 4,76095
14,3113 35.6637 17.8318
24,2585 60.4521 30.226
31,204 77.7603 38.8802
37.7452 74,0611 47 .0305

’
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TEST 1D

INPUT DATAS

KVE/EFA

SFLIN2 PROGRAM - 02/22/82 V1

TEST RUN 9-1

KILN QUTLET

PROCESS WEIGHT RATE = 0 TONS FROI./HR
TOTAL PARTICULATE EMISSION RATE = 0 LEB/HR
PARTICLE DENSITY = 1 G/CC

MEASURED SIZE DISTRIBUTION

CUTCum)

o 37
39
1.13
1.66
2.81
15

200

QUTPUT DATA:

CuM. Z < €UT

+01
1,52
3.32
6.65
14.83
50,33

100

TP EMISSION FACTOR = 117 LEB/T ( 38,3 KG/MT)

EMISSION FACTOR

CUT (umA) CuM. Z < CUT
+625 1.489565

1 2.93593
1.25 4.,00466

2.5 12,5416

5 25.6618

10 " 40,3874

15 S50.4207

20 <8.021

END OF TEST SERIES

(LEB/T) (KG/MT)
1.9769 788451
3.45844 1.72922
4.,68545 2,34272
14,7907 7.395336
30,0243 15.0122
47,2533 23,6264
58.9922 279.4961
67.884% 33.9423
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SFLIN2 PROGRAM -~ 02/22/82

TEST IL! KVER/EFA

INFUT DATAL

PARTICLE

TEST RUN 9-2

MEASURED SIZE DISTRIBUTION -

cCUT{um? CuUM.

. 38
Y.
1.13
1.488
2.81
15

200

CUTPUT DATAR T

Z < CUT

o2

2.3
Sed

11.3

22.9

s2.8
100

EMISSION FACTOR = 122.4

w1

KILN OUTLET

PROCESS WEIGHT RATE = O TONS PROD./HR
TOTAL PARTICULATE EMISSION RATE
DENSITY = 1 G/CC

LB/T

EMISSION FACTOR

CUT (umA) - CUM. % < CUT (LE/T)
. 825 2.40487 2,94354
1 4,50161 5.50997
1.25 5.64121 8.12884
2,5 19.9713 24,4449
5 34,066 41,4948
10 45,5373 55,7376
15 53.0207 44,8974
20 58.9487 72,1777

END OF TEST SERIES

E-42

(KG/MT)

1,47178
2,75498
£.06442

12,2225

20.8484
27 .8688
32,4487
36.0889

= 0 LB/HR

61.2 KG/HT)



SPLIN2 FROGRAM

TEST IDI! KVEB/EFPA

INFUT DATA:

TEST 9-3

- 02/22/82 V1

ESP INLETY

PROCESS WEIGHT RATE

TOTAL FARTICULATE EMISSION RATE =

PARTICLE DENSITY = 1 G/CC

MEASUREL* PARTICLE SIZE DISTRIBUTION

CUT (um)  RAW % < CUT
1 6.71
3 24.6
10 36.88
200 - 31.81

QUTPUT DATA: .

CUT (umaA) CuM. Z < CUT

(¢
rJ
n

2.72561
6.71

?.78224
25,5771
45,1931
0 68.0176
15 79.66435
20 86.3007

.
e
(4]

. TPD e e

ENDI' OF TEST SERIES

CUM. %2 < CUT

b.71
31.31
68.19
100

TF EMISSION FACTOR =

LEB/T (

EMISSION FACTOR

(LB/T)

2022737
5.48341
7.99405
20.9014
37.749

S95.584

65.1018

70,525

E-~43

(RKG/MT)

1,.113468
2.74171

0 TONS PRODL. /HRK

0 LE/HR

40.86

3.99702 .

10.4508
18.8745
27 .792
32.5509
3502628

RG/MT )




SPLIN2 FROGRAM -~ 02/22/82 VU1

TEST ID: KVB/EFA TEST 9-4 ESF INLET

FPROCESS WEIGHT RATE = 0 TONS FROI. /HR
TOTAL PARTICULATE EMISSION RATE = Q LEB/HKR

. PARTICLE DENSITY = 1 G/CC

INPUT DATAZ

MEASURED PARTICLE SIZE DISTRIRUTION

CUT (um) KAW X < CUT CuM, % < CUT
1 8.24 9.24
K] 23.39 31,43
10 35.84 67 47
200 32,53 100

" OUTPUT DATA: TF EMISSION FACTOR = 72.9 LE/T (36,43 KG/MT)

EMISSION FACTOR

CUT (umA) CuM. Z < CUT (LE/T) (KG/MT)
o625 3.83047 2.79242 1.39521
1 8.24 6.,005694 3.00348
1.25 11.38%96 8.30304 "4,15152
249 26,3925 19.2401 2.52004
S 45.9572 33.5028 16,7314
10 &7 .2939 49.0573 24.5284
15 78.7318 97 .3935 28,5978
20 85.3145 62,1957 31.0979

END OF TEST SERIES
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SPLIN2 FROGRAM - 02/22/82 V1

TEST ID?! KVB/EFA TEST 9-5 ESF OUTLET

INFUT DATA: PROCESS WEIGHT RATE = 0 TONS FROD./HK
- . TOTAL PARTICULATE EMISSION RATE = 0 LB/HK
Li ‘ PARTICLE DENSITY =1 G/CC

MEASURED SIZE DISTRIEUTION

CUTC um ) CUM. X < CUT
1 30, 3639
3 96,4907
10 L 94,5007

200 . 100

FROCESS DIATA NOT AVAILAELEFEMISSION FACTOR DIRECTLY INFUT

DUTPUf DATA TF EMISSION FACTOR = .254 LE/T (  .127 KG/MT)

©  EMISSION FACTOR

CUT (umA) CUM. % < CUT (LE/T) (KG/MT)
f V525 28.564 0725526 0362763
! 1 41,137 ' .104488 052244
1.25 47,545 <1207 44 0603822
2.5 67,111 170462 .085231
5 82.833 + 210394 .105198
10 92,677 « 2354 1177
15 95.97 243744 .121882
20 97.481 2474602 .123801

THIS DATA SET WAS FIT TO A LOG-NORMAL SIZE LISTRIEUTION

| E-45 !




TEST ID¢
INFUT DATAL

(Y

REA

e

URED SIZE
CUTC(um >

1

3

10
- 200

I"ROCESS DATA NOT AVAILABLESEMISSION FACTOR DIRECTLY INFUT

OUTPUT LATA?

CUT (umaA)

KVER/EFA

GISTRIEBU

Cud., X

SFLIN2 PROGRAM - 02/22/82 U1

TEST 9-6 ESP OUTLET

0 TONS PROD./HR
¢ LE/HR

PROCESS WEIGHT RATE =
TOTAL PARTICULATE EMISSION RATE =
PARTICLE DENSITY =1 &/CC

e
]

10w
< CUT

25.7174
98. 4502
98, 44602
100

TP EMISSION FACTOR = .3 LE/T (.15 KG/MT)

- . EMISSION FACTOR -i
(KG/MT) |
. |

CUM. % < CUT (LE/T)
16,736 . 050208 025104 ?
29,91 . 08973 044855 |
37.479 , 112437 0542185
42,7398 . 198354 094182
83.439 250317 (125159
94,707 ., 284121 . 142061
97 496 .293088 V144544
98.817 . 296451 .148224

THIS DATA SET WAS FIT TO A LOG-NORMAL SIZE DISTRIBUTION
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RESULTS OF SPLINE ANALYSES FOR REFERENCE 27 (SECTION 4.0)

Taback, H. J., et al., Fine Particle Emissions from Stationary and
Miscelianeous Sources in the South Coast Air Basin, KVB o80b-/83
(NTIS PB 293 923), Californja State Air Resources Board, Sacramento,
CA, .February 1979. '
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TEST ID¢

INFPUT DATAZ

MEASURELD! PARTICLE

CUT (um)

.+ 99
3
10
200

OUTPUT DATA:

CUT (uma)

o~
I
n

il B 2% Il
wn o - *
o)
n

r
o

SPLINZ

FROGRAM - 02/22/82 V1

KVR/ARE PULVERIZED

CoAL

PROCESS WEIGHT RATE =
TOTAL FARTICULATE EMISSION RATE = O LE/HR

PARTICLE DENSITY = 1 G/CC

RaAW Z < CU

34
34
24
8

TF EMISSION FACTOR =

CUM. Z <«

22.46933

34,2755

40,5575
62,3054

79.3977
?1.8575

?46.85%91
98,9845

END OF TEST SERIES

T

cuT

SIZE DISTRIBUTION

cuM. X < CUT

34
48
92
100

TEST 18

0 TONS PROL.

BAGHOUSE OUTLET

44 LER/T (22

EMISSION FACTOR

(LE/T)

. 0998505
150812

. 178893
J274144

. 34935
404173
42618
435532

E-48

(KG/MT)

0499253
0754061
08944464
137072
+17 4675
. 202087
+ 21309
217766

/HRK

RKG/MT)

o



SPLINZ2 PROGRAM ~ 02/22/82 V1

TEST IDI! KVE/ARE NATURAL GAS TEST 2 EAGHOUSE OUTLET

INFUT DATA! PROCESS WEIGHT RATE = O TONS PROI's /HR
TOTAL PARTICULATE EMISSION RATE = 0 LB/HR
PARTICLE DENSITY = 1 G/CC

MEASURED PARTICLE SIZE DISTRIRUTION

CUT (um)  RAW ¥ < CUT CuM. % < CUT
.99 20 20
3 40 60
10 32 92
200 a) 100
OUTPUT DATA: TF EMISSION FACTOR = .22 LE/T ( .11 KG/MT).

EMISSION FACTOR

CUT {(umA? CuM. % < Cuv {LE/T CRGATMT 3

+ 625 10,3974 0228744 +0114372
1 20.2616 +0445755 0222878
1.25 25,6543 05886394 - 0293197
2:3 52,3879 +11352353 0576267
5 73,0083 +165018 0825071
10 ?1.4693 + 201725 0100862
15 ?7.8964 « 215372 +1076864
20 100,057 + 220126 +1100563

END OF TEST.SERIES
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