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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 proceéss 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 Impiementation Plan (SIP) revisions which outline how théy 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 availabie. Up
to this point, however, 1ittle 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.

1-2
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SECTION 2.0

INDUSTRY DESCRIPTION

2.1 INTRODUCTION 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.! 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 quantities, is used in general construction. Type II
is formulated for moderate heat-of-hydration and moderate sulfate-resisting
applications. Type III is high~early-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




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
0i1 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, Tow-heat (Type IV), and regulated fast-setting

cement.
c

Data may not add to totals shown due to independent rounding.



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 materjals 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 CATEGORY?2

. Percent of
Customer total purchases
Ready mixed concrete producers &

Concrete products manufacturers 1

Building material dealers
Highway contractors
ATl others

O Ww W
[FERT« R N s o I FY)

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 represent 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 1n.Tab1e 2-3.3 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.2 The amount of clinker produced in 1984, by fuel type, is
shown in Table 2-4 using BOM statistics.?2
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TABLE 2-3. PORTLAND CEMENT PRODUCERS (USA)?’

Location
Map index Type of Production ca?acit!
No. process short 103 metric
State _(Figure 2-1) City Plant Wet Ory  tons tons
Alabama 1 Birmingham Allied Products X 360 327
2 Calera Blve 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 1,381
Arizona 7 Clarkdale Phoenix Cement Co. X 242 452
8 Rillito California Portland X 1,700 1,542
Cement
Arkansas 9 Foreman Arkansas Cement X 850 T
10 Okay Ideal Basic Ind. X 395 358
California 11 Colton California Portiand 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
920 1,361 .
15 Mojave California Portland X 1,300 1,179
Cement
16 Menolith Monolith Portland X 500 454
Cement
17 Oro Grande Riverside Cement X 1,149 1,042
18 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 Tdeal Basic Ind. X B85 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 Lone 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 onty --
of Florida
30 Tampa General Portland X 660 599
Georgia 31 Atlanta Blue €ircTe Cement X 630 571
32 Clinchfield Medusa Cement X X 790 717
Hawaii 33 Ewa Beach Oahu Cypress Hawaiian Cement X 280 254
34 Waianae, Oahu Kaiser Cement X 320 290
(Continued)




TABLE 2-3. (continued)
Location .
Map 1ndex Type of Production capacity
No. _process 107 short™ 107 metric
State {Figure 2-1) City Plant Wet  Dry tans tons
l1daho 35 Inkom Oregon Portland Cement X 210 191
ITiinots 36 Dixon Lone Star Inc. X 600 544
37 Joppa Missouri Porttand X 1,314 1,192
38 [a 3alTe TTTTro7s Cemant Co. X 300 353
39 Ogelsby Lone Star Ind. X 510 463
Indiana 40 Greencastle Lone Star Ind. X 752 682
41 Logansport Louisville Cement X 460 417
42 Mitchell Lehigh Portland Cement X 725 658
43 Speed Louisville Cement X 1,260 1,143
lowa . 44 Davenport Davenport Cement 4 850 171
45 Des Moines Monarch Cement X 300 272
46 Mason City Lehigh Portland Cement X 750 680
46A Mason City Northwestern States X 1,150 1,043
Portland Cement :
Kansas 47 Bonner 5prings Lone Star Ind. X 451 409
48 Chanute Ash Grove Cement X 516 468
49 Freedania General Portland Inc. X 467 369
50 Humboldt Monarch Cement X 600 544
51 Independence Lehigh Portland X 380 345
Kentucky 52 Kesmosdale Kosmos Cement X 670 o08
Louisiana 53 New Orleans tone Star Ind. X 750 680
Maine LT} Thomaston Martin Marietta X 480 435
Cement
Maryland 55 Hagerstown Lone Star Ind. X 475 431
56 Lime Kiln Coplay Cement X 1,100 998
57 Union 8ridge 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 --
Wississippl 64 Artesia Texas Ind. X 480 435
Missouri 65 Cape Girardeauy 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 320 230
71 Trident Ideal Basic Inc. X 330 299
(Continued)
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TABLE 2-3. (continued)

Location
Map index Type of Production capacity
No. _process 107 short 107 metric
State (Figure 2-1) City Plant Wet  Dry tons tons
Nebraska 712 Louisville Ash Grove Cement Co. b 790 717
73 Superior 1deal Basic Inc. X 235 213
Nevada 74 Fernley Nevada Cement Co. X 400 363
New Mexico 75 Tijeras Ideal Basic Ind. X 505 LLY:]
New York 76 Catskill Lone Star Ind. X 580 526
77 Cementon Lehigh Portland X 550 499
Cement
78 Glens Falls Glens Falls Port- X 450 408
land 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 128 (]
. tand Cement i
B3 Middlebranch SME Cement X 300 272
84 Paulding General Portland X 554" 503
85 Superior Lone Star Ind. X 275 249
86 Sylvania SME Cement X . 280. 254
87 Zanesville SME Cement X 800 126
Oklahoma 88 Ada 1deal Basic Ind. X 610 553
89 Pryar Lone Star Ind. X 725 658
90 Tulsa Blue Circle Cement X 630 571
Uregon 91 Durkee Oregon Portland Cement X 500 454
92 Lake Oswego Oregon Portland Cement X 418 379
Pennsylvania 93 Bath Keystone Portland X 600 544
) Cement
94 Cementon Genera) Portland X 790 - 717
95 Egypt Coplay Cement NA NA -- Grinding onlty --
92 Evansville National Gypsum X 875 194
97 Nazareth Coptay Cement Co. X 1,000 907
97A Nazareth Lonestar Ind. X 658 597
98 * Northampton Martin Marietta X ---- Shut down ----
Cement
9 Pittsburgh Lonestar Ind. X 420 a8l
100 Stockertown Hercules Cement X 700 635
101 Wampum Medusa Cement X 71% 649
102 West Winfield Penn-West Cement Co. X 370 336
103 York tehigh Portland X 136 123
Cement
(Continued)
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TABLE 2-3. (continued)

Location .
Map 1index Type of Production capacity
No. process 103 short 103 metric
State {Figure 2-1) City Plant Wet Dry tons tons
South Carolina 104 Harleyville Giant Portland X 855 - 776
Cement
104A Harleyville Gifford-Hill & Co. X o264 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 550 499
110 Richard City Dixie Cement Co. X 200 181
Texas 111 Amarilio Southwestern Port- X 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 El Paso Southwestern Port- X 260 236
. Yand Cement
116 Fort Worth General Portland X 731 663
117 Houston Gulf Coast Portland X 1,000 907
Cement
1174 Houston Lone Star Ind. X 750 680
118 Hunter Texas Ind. X 750 680
119 . Midlothian Gifford-Hi1l Cement X 846 767
119A Midlothian Texas Ind. X 1,200 1,088
120 New Braunfels General Portland X 925 839
121 Oddessa Southwestern Port- X 553 502
tand 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 3318 307
123C San Antonio Kaiser Cement X . 490 444
124 Sweetwater Lone Star Ind. X 545 494
125 Waco Lehigh Portland X X 420 38l
Cement .
Utah 126 Leamington Southwestern X 650 590
Portland Cement
127 Morgan Ideal Basic Ind. X 350 318
128 5alt Lake City Lone Star Ind. X 420 gl
Virginia 1239 Roanoke 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)




TABLE 2-3. (continued)

Location
Map Tndex Type of Production capacity
No. process JO¥ short 109 metric
State (Figure 2-1) City Plant Wet  Dry tans tons
Washington 132A Seattle Oregon Portland X 752 682
Cement ’
West Virginia 133 Martinsburg Capitol Cement X 335 848
Wisconsin 133 Milwaukee ST Wary's WisconsTn WA WA == Grinding only -
: Cement
135 Superior National Gypsum NA NA -- Grinding only -
Wyoming 136 Laramie MonoTith Portland X 485 440

®pasic data taken from References 3 and & 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 silica and alumina. Naturai 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.1’%
Table 2-5 1ists the types and relative quantities of different raw materials
used to achieve the proper blend of mineral components for the industry as a
whole.2

As Table 2-5 shows, the calcarecus component, particulariy limestone,
is. the largest constituent in cement. Limestone and clay are abundant all
over the world. Limestone is generally quarried at or near the cement plant
since the low 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 basically 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 subsequently 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

2-11




TABLE 2-5.

RAW MATERIALS USED IN PORTLAND CEMENT (1984)2

Quantity®
o 10° metric  Percent of
Type of raw material 102 short tons tons (Mg) total
Calcareous:
Limestone 78,484 71,420 85.4
Cement rock (including 27,010 24,579
marl)
Oystershell 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 s]ag 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, wash1ngton D.C., 1985.
a

1 short ton = 2,000 1b.

1 metric ton = 106 g (Mg).
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quality clinker. However, improvements in dry blending and material han-
dling techniques, in combination with lower energy consumption 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: quarrying
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.l Each processing
stage is briefly described in the fo]]owiqg 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 pipe (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 ocne or more fans or air

movers and emitted to the atmosphere through a stack. Fugitive sources, on
the other hand, can either be proceés 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 quarries 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 uéua]]y-fransported by truck to a crushing plant eitheriat 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
belt 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 gre,

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 bliending of the Qarious raw materials. Due to the
variations in the chemical compositions of these raw materials, no single
formula 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 industry3 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 pm} in one or more stages. Preliminary or first stage grinding may
2-16




utilize a cylindrical ball mill, rod mill, or ring-roller mill.s The
second- or final-stage unit is usually a ball mill or a "“tube" mill, which
is a ball mill 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 ptants, mills are closed circuited with cyclones or screens
that produce a final, more viscous, slurry that does not require thickeners.®
The various crushed materials 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 biended. 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 related 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 kilns. Emissions from rotary dryers
also include combustion-related poliutants such as sulfur dioxide (S0;),
.nitrogen oxides (NOX), carbon monoxide (CO0), 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 dfying 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 Kilp--

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
length 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
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The kiin 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 o0il, 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; sem{-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 calcined) by

X Chain systems have also been installed in some long, dry process kilns

with a few using trefoils or crosses for heat exchange purposes.

2-19




direct contact with waste gases in a mui}istage cyclone-suspension process.
The waste gases pass through one or more cylones (normally four) though
which the mix passes countercurrently.

The largest single source of ducted emissions in portland cement plants
is the rotary kiln. Pollutants generated in the kiln consist of particulate
matter as well as some combustion-related gases such as SO, NOx’ €0, 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 effluent 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 contro]iing the dust generated in the kiln. Additional control
equipment is normally 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 sulfur in the fuel is

"recovered as it combines with the alkalies and also with the lime 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 NO 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, ciay, or other sulfur-
containing material.

The greatest problem with fugitive emissions associated with rotary
kKilns 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 Jess 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 kiln 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 pu1derizers) or by a separate pipe
'para]]é] 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 kiin 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).

- Neutralize certain industrial wastes such as spent pickle liquor,
Jeather tanning waste.and cotton seed delinting waste.

. Waste sludge stabilization.
Substitute for lime in wastewater treatment systems.
Absorption of SO, 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 coilector 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 enciosed 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 C{(linker 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 belts to storage.

Like the kiln, the clinker cooler can be a significant sohrce of ducted
emissions. Effluent gas from grate coolers, which contains particulate, is
vented through a separate dust collection device. Fugitive emissions asso-
ciated with clinker coolers are generated by materials handling, 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 Grinding, Packaging, and Shipping

In the final stage of cement manufacture, clinker is ground into ce-
ment. Interground with the clinker 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
may 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 pm
(minus 325 mesh).>
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The finished cement is transported by pneumatic pumps, mechanical

" gcrews, 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 s
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 enclosed 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

2.471 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®

Source c
Type of process Emission source classification Pollutants
Quarry Operations Pritling )] PM
Blasting )] PM
Loading of broken rock oD PM
Transporting or conveying o pM
{(to cement plant)
" Overburden disposal 0D PM
Crushing Operations Unloading rock from quarry V)] PM
Crushing PF PH
Screening PF PM
Conveying {(to and from o0 PM
storage)
Storage and reclaiming oo ' PM
(i.e., stockpiling)
Preparation of Raw Materials Orying operations 0D PM, 505, NOx, co, voC
Conveying and feeding 00 PM
(to dryers and grinding
circqit)
Grinding ofdraw D PM, 50,, NOx, co, voc
materials
Conveying of ground PF/OD PM
material (dry process)
Kiln Operation Feeding raw material to PF - PH
kiln(s) - dry process
Gases exhausted from D PM, S0,, NO_, CO, VOC
kiln(s) : X
Clinker Cooling . - Excess air exhausted o PM
clinker cooler(s)
Conveying clinker from oD PM
cooler{s) to finish-
grinding mil1(s} or
storage
Clinker storage/stockpiling oD PM
Finish Grinding, Packaging, & Recovery and conveying oo PM
Shipping of clinker from stor-
age to finish-grinding

mill(s) (Continued)
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TABLE 2-7. {continued)

Source c
Type of process Emission source _ Classification Pollutants
Finish grinding of clin- 0 PM
ker, gypsum, and add-
tives
Air classification of PF/0D PM
finished product and
conveying to storage
Storage silo(s) ] PM
Bulk Toading operations op PM
Waste Oust Handling and Handling, truck loading/ 0D PM
Disposal unloading
Miscellapeous Operations Paved and unpaved roads o0 M
Wind erosion from stock- 0D PM

pile and exposed areas

3 Taken from Reference 1.

b 0D - Open Dust Source

PF - Process Fugitive Source

0 - Ducted Source

€ PM - Particulate Matter
50, - Sulfur Dioxide
NO_ - Nitrogen Oxides
¢d - Carbon Monoxide
VOC - Volatile Organic Compounds

d
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good references are available which describe the theory, operaticn and ap-
plicability of the control devices 1isted 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 1875 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 coliectors are not effective on submicrometer particles
and, therefore, are used only as a precleaner to a fabric filter or ESP.
As stated previously, the dust collected by these precleaners can be re-
cycled 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. Various 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 c¢linker cooler is another majdr 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;
cyclones; 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 plants

da

KiTn-Dust Collection System Wet Dry
Single dust collector

Cyclones 2 2
Precipitators 31 3
Baghouses 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 precipitatorsb 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, Ohio, 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 Other 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 Qpen 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 applicable 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 TYocated 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 additicnal information may also
exist, but limitations in funding precluded further searching.

To reduce the Targe 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 rejterate information from previous 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 accerding to the
criteria stated above. This set of documents was further analyzed 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 theé quantity and quality of the
information contained in them. The following data were always excluded
from consideration.l -

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 c¢lear whether the emissions mea-
sured were controlled or uncontrolled.

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:
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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
lack enough detail for adequate validation.

C - Tests that are based on an untested or new methodology or that
lack 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 methodology 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. Sampling procedures. The sampling procedures conformed to a gen-

erally accepted methodolegy. If actual procedures deviated from
accepted methods, the deviations are well documented. When this
occurred, an evaluation was made of how sucb alternative proce-
dures could influence 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 sampling 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 lTower rating.
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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 results.
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 controlled 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.Z
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A1l laws describing the properties of aerosols can‘be expressed most
simply for particles of spherical shape. To accommodate nonspherica] 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 particle.? 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 Vs n - .
D = /g p C(D) for Re < 0.5' . (3-1)

D_. = Stoke's diameter (cm)

where:

V_ = terminal settling velocity of a particle in free fall (cm/sec)

= viscosity of the fluid (gm/cm-sec)

= density of the particle (gn/cm3)

]

s
n
g = gravitational constant (980.665 cm/séﬁz)
p
)

Cunningham's slip correction factor for spherical particles

of diameter DS (dimensionless)

1+ 2 (3-2)
s

nt

with:

A=a+ 8 exp(~y DS/ZA) (3-3)
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@ = 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)
2 A, (n/no) (T/To)o'5 (P, /P) » (3-4)
Ao = mean free path at reference conditions (cm)
n~ = gas viscosity at stated conditions (gm/cm-sec)
Ne = 9as viscosity at reference conditions (gm/cm-sec)
T~ = absolute temperature (°K)
To = reference temperature = 296.16°K
P~ = absolute pressure (kPa)
P_ = reference pressure = 101.3 kPa
"R = 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: 4’5

18 n v, .
= < Q. -
DS m Re < 0.05 (3 5)

where;

£, 9, DS, and n are as defined above; and

p”.= density of air at the appropriate temperature and pressure
(gm/cm3)

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/cm3.233
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




T " " (3-6)
Ae gC(DAei

where D, = "classical" aerodynamic equivalent diameter (cm), with n,
Vs’ g, C as previously defined in Equation 3-1.

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 CONVERSIONS3

' Conversion equationa
Diameter definition Stoke's Classical aerodynamic

(given) diameter (DS) ~ equivalent diameter (DAe)
| . | pC(DS) 1/2
Stoke's diameter 1.0 DAe = Ds ETﬁ;;S
Classical
aerodynamic C(DAe) 1/2
diameter (DAe) DS = DAe 1.0
pC(D,)

a Stoke's diameter (pm)

Notation: D
Dze Classical aerodynamic equivalent diameter (um)
p Particle density (g/cm3)
C(DS), C(DAe)’ = §1lip 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 determined
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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 technigue.

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

- 1.

5.

Aerodynamic separators (cascade impactors, cyclones, elutriators,
etc.)

Light-scattering optical particle counters
Electrical mobility analyzers
Condensation nuclei counters

Diffusion batteries

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

Indirect methods for the determination of particle size include:

Sieving (wet, dry, sonic}
Sedimentation

Centrifugation (1ne;tia1 separation)
Microscopy (optical and electron)

Others (acoustic, thermal, spectrotherma1 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. Onée 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
;pecific gravity and shape factor are unknown.3 Unless the particle shapes
are extremely irregular, the details of precise geometric form can be by-
passed and the likelihood 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-
ing and rating the individual data sets for sound methodology.

Examples of aerodynamic particle sizing instruments are centrifuges,
cyclones, cascade impactors, and elutriators. Each of these instruments
employs the unique relationship between a particle'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 small
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 slit 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 MEASUREMENTS

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+
tentrifugation 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 calied the cut-
point (DSO) 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 s1ight 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 loadings. 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--

Traditionaily, 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 aerosol samp]e-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 cyclanes with progressively decreasing cut-points can be
. used also instead of impactors to obtain particle size distributions. The
advantages are that larger samples are acquired, particle bounce is not a
probiem, 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 specifically 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 prbgrahs 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 central 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 logarithmic graph paper. In effect, the logarithm of cumu-
lative mass is plotted as a function of the logarithm of the particle size,
and a smooth curve with a continuous, nonnegative 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
the 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:

SR (3-7)
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TABLE 3-3. COMPARISON OF COMPUTER PROGRAMS

Fitted size ' JSKPRG JSKRAW JSKLOG
distribution Spline Spline Log-normal

Input requirements:

particie size data Largest particle diam- Largest particle  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 -
Qutput: ~ =mmmeommmeeee- Size-specific emission factors =~-==--------

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

TP
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 tabu]ated.as’a part of the output format (1 kg/metric ton =

1 kg/10® g = 1 kg/Mg). As an additional function, each program 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 pmA (aero-
dynamic diameter) was assumed unless other data were available. This value
was selected since this is the largest particie size which might be expected
based on the limited data contained in the Titerature. A compiete Tisting

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

Due 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. 1In JSKLOG, the data input to the program have already been
fitted to a standard log-normal distribution utilizing a separate progfém
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 smailer particle size ranges.
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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 randomly chosen 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 samplte of the industries. As in the A-rating, the source
category is specific encugh 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
a 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 jn 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-individua] 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 55 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: o

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; 1ittle documentation;

data for all kilns combined.

8 Not original source of test data.

9 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.

a8 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 pollutant 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 controlled 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 resuits obtained were fairly well documented
in each report. It was noted, however, that very 1ittle process operating
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{continued)

TABLE 4-1. SUMMARY OF NSPS DATA COLLECTED BY EPA
Controlled emissioB
Refa EPA report Process No. of factor measurement c Contro}
No. No. Plant name/location type Sources Tested tests (1b/ton of feed) Rating~ device Comments
10 71-¥M-01 Maule Industries Wet Clinker Cooler Stack 3 0.106, 0.102, 0.0798 B ESP
Hialiah, FL No. 1
Gas-fired Rotary Kiln 3 0.634, 1.019, 1.799 C ESP Frequent
Stack No. 1} Upsets
17 T1-MM-02 Ideal Cement Co. Dry No. 2 Finish Ball Mill 2 0.00601, 0.00601 B BH
Tijeras, NM
No. 2 Fintsh Ball Mill 2 0.0173, 0.0164 B BH
Air Separator
Ho. 2 Finish Ball Mill 2 0.00953, 0.00922 B BH
Feed-0-Wt
s No. 2 Raw Ball Hit) 2 0.0161, 0.0183 B BH
i
w No. 2 Raw Ball Hill 2 0.0376, 00,0265 B BH
Air Separator
Ho. 2 Raw Ball Mill 2 ©0.0226, 0.0153 'B BH
Feed-0-Wt
1 71-MM-03 ldeal Cement Co. Wet Clinker Cooler 3 0.406, 0.452, 0.536 C BH Bad sam-
Seattle, WA . pling
. tocation
Gas-fired Rotary Kiln 2 0.844, 0.924 8 ESP
12 71-MM-04 Ideal Cement Co. Wet Ho. 1 Finish Ball Mill k| 0.0344, 0.0418, 0.0409 B BH Combined
Castle Hayne, KC Air Separator Stacks emissions
A8 from both
air sepa-
rators
No. 1 Finish Bal) Mil) k| 0.0135, 0.0133, 0.0134 B BH
and Elevator
13 71-MM-05 Dragon Cement Co. Dry No. 1 and No. 2 Coal- 3 0.0942, 0.0553, 0.0606 c . Multi- Horizontal
Northampton, PA fired Rotary Kilns clone duct; prob-
and BH Tems with
particulate
settled in
duct
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TABLE 4-1. (continued)

Controlled emission

Refa EPA report Process No. of factor measurement ¢ Contro
No. No. Plant name/location type Sources Tested tests (tb/ton of feed) Rating~ device Comments
14 71-MM-06 Ideal Cement Co. Wet Ho. 2 Clinker Cooler 3 0.0253, 0.0448, 0.0305 8 8H
Houston, TX
No. 2 Finish Mill ' 3 0.0152, 0.0201, ©0.0120 B BH Incliudes -
Grinding System both mill
and air
separators
1% 71-W-07 Giant Portland Cement Wet No. 4 Gas-fired.Rotary 1 0.536 B BH Pressure .
Harleyville, SC Kiln BH; 6
stacks each
 tested
once
No. 4 0il-fired Rotary 1 0.513 B BH Pressure
Kiln BH; 6
stacks each
tested
once
16 71-MWM-15 Oregon Portland Cement Wet No. 4 Gas-fired Rotary 3 0.247, 0.309, 0.261 B BH
Lake Oswego, OR Kiln
18 74-5TN-1 Arizona Portland Cement Dry Primary Limestone 4 0.00079, 0.00091, ] BR
Rillito, AZ - Crusher 0.00093, 0.00139
Primary Limestone 4 0.00018, 0.00023, B BH
. Screen 0.00022, 0.0002%
No. 2 Limestone Over- 3 0.00002, 0.00003, B BH
land Conveyor Transfer 0.00004
Station
Secondary Limestone 3 0.00017, 0.00034, B BH
Screen and Crushing 0.00041
Plant

References listed at the end of Section 4.

of the entire industry.

Based on front-half of EPA Reference Method 5 sampling train.

BH = baghouse; ESP = electrostatic precipitator.

1 1b/ton = 0.5 kg/Mg.

A1l of these data were collected to support a NSPS and are therefore representative of the better controlled ptants but not necessarily




data were collected for the dates and times during which 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, a rating of C was assigned to the data (see Table 4-1).

Copies of pertinent sections of each test report are inciuded 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
provide background data for the development of an NSPS for stone crushing.
Individual sources tested in this study included: a primary crusher; a
primary screen; a conveyor 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 material. 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 Refererices 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 Tocations. The size distribution
of the particu]dte emitted from each source was made using & 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.




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 controlied emissions from the kiln. Unfortunately, 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 ih1et 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 collected 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 te]ephohe 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 loadings 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 Abpendik 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 clinker 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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TABLE 4-2. SUMMARY OF PARTICLE SIZE DATA FOR REFERENCE 20 - ESP INLET?
Data Rating: €
Test 2-1° Test 2-2° Test 3-1° Test 3-2° Test 3-3°

Cm.d Cm.d Cm.d Cm.d Cm.d

Impactor Cut c loading Cut loading Cot c loading Cut loading Cut c Yoading
stage (pmA) (mg/dncm) (pmA)c (mg/dncm) (pmA) (mg/dncm) (pmA)c (mg/dnecm) (pmA) {mg/dncm)
Filter 0.13 0.00 0.13 0.00 0.12 0.00 0.13 0.00 0.10 0.00
Stage 7 0.2% 569 0.25 3 0.24 297 0.26 269 0.24 693
Stage 6 0.68 1,290 0.68 546 0.64 604 0.67 431 0.65 1,090
Stage 5 0.97 1,700 0.97 787 0.91 1,260 0.9% 748 0.91 1,770
Stage 4 1.86 2,640 1.86 1,05%0 1.75 2,290 1.83 1,440 1.76 2,870
Stage 3 2.70 4,290 2.70 1,410 2.54 3,550 2.65 2,410 2.55 3,930
Stage 2 4.59 8,050 4.59 1,910 4,32 5,730 4.50 3,080 4,33 7,330
Stage 1 8.11 12,800 8.11 2,330 7.62 8,900 7.93 5,390 7.65 9,600
Cyclone > 11.49 20,300 > 11.49 2,750 > 10.80 16,800 > 11.23 9,330 > 10.81 13,100
Total catch® Total 51,639 Total 11,127 Total 39,431 Total 23,098 Total 40,383

Test 3-4° Test 4-1" Test 4-2° Test 4-3° Test 4-4P
Cum. Cum. d Cum, Cum. d Cum.

Impactor Cut c loading Cut ¢ toading Cot o loading Cut loading Cut ¢ loading
stage {(pmA) (mg/dncm) (umA) (mg/dncm) {pmA) {mg/dncm) (pmA) (mg/dncm) (pmA) (mg/dncm)
Fitter 0.13 0.00 0.12 0.00 0.13 0.00 0.13 0.00 0.13 0.00
Stage 7 0.26 607 0.24 617 0.25 423 o 0.2% 723 0.25 359
Stage 6 0.68 978 0.64 850 0.69 685 .0.65 1,150 0.69 539
Stage 5 0.96 1,630 0.91 1,200 0.97 922 0.92 1,500 0.98 967
Stage 4 1.84 2,580 1.75 1,470 1.87 1,380 1.76 1,980 1.88 2,020
Stage 3 2.67 3,350 2.54 1,920 2.70 1,930 2.55 2,700 2.72 -3,240
Stage 2 4.54 6,060 4.32 2,390 4.59 3,170 4.34 5,730 4.62 4,200
Stage 1 8.00 10,900 7.63 2,860 811 7,420 . 1.67 10,100 8.15 10,200
Cyclone o > 11.33 13,100 > 10.82 3,080 > 11.48 10,000 > 10.87 16,100 > 11.54 10,500
Total catch Total 39,205 Total 14,387 Total 25,930 Total 39,983 Total 32,025

Data taken from FPEIS Test Series 80, pages 20, 23, 37, 40, 43, 46, 63, 66, 69, and 72 (Appendix C).

Measurements made on a

wet process, coal/coke oven gas fired kiin upstream of the ESP using a Brink Model BM5-11 cascade impactor with cyclone precol-

lector.

Aerodynamtc diameter,

cubic meter {dncm).

Total loading collected in cyclone and impactor stages.

No data available for total mass emissions (i.e., Method 5).

No process data available.

Sum of individual loadings #n column.

Indicates test ID No. and sample MNo. included in FPEIS printout. For example: Test ID No. 2, Sample Mo. 1 = Test 2-1.

Cum. loading = cumulative mass loading less than or equal to stated size taken from FPEIS printout in milligrams per dry normal



Andersen unit used at the outlet. In November, the Brink impactor'was
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 réport 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-
usuaT]y high loadings on the backup filters. This problem 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 coai-fired,
wet process cement kiln equipped with an ESP. Emissions tests for total
particulate were conducted both upstream and downstream of the ESP u£i1izing.
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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TABLE 4-3. SUMMARY OF PARTICLE SIZE DATA FORaREFERENCE 21 - UNCONTROLLED CLINKER COOLER
{BRINK IMPACTOR - AUGUST TESTS)

Data Rating: C

Total mass Mass Yoading by particle size range (mg/BNH‘)c

loadingb > 17ﬂ8 12.6-17.8 7.2-12.6 4.13-7.2 3.0-4.3 1.6-3.0 1.13-1.6 0.67-1.14 < 0.67
Date Time (mg/DRM3? ) pmA pmA umA pmA pmA pmA pmA pmA pmA
B/26 1010 - 2.,168.92 2,020 36.6 28.1 22.1 13.6 14.5 7.66 20.4 5.96
8/26 1700 2,265.10 2,160 38.9 15.2 17.2 6.1 3.0 3.5 8.6 12.6
a/27 1045 1,011.23 963 17.7 1.7 8.2 7.0 2.6 1.2 1.0 2.83
8/27 1605 961.60 824 65.9 22.4 29.3 9.4 2.6 1.8 2.2 4.00
8/28 0945 1,810.90 - 1,720 50.8 17.8 11.4 4.3 1.9 1.1 0.8 2.8
8/28 1310 687.00 597 48.2 12.3 14.7 3.3 1.9 1.6 1.6 6.4
8/29 1000 3,816.60 3,640 49.5 84.3 22.5 6.9 2.5 2.0 2.0 6.9
8/29 1400 1,322.30 1,150 116 19.2 15.4 6.1 2.6 0.6 0.6 11.8

Average total mass

emission factor (kg/Mg) 4.42°

Particle size data taken from Table A-4, page 37 of Reference 21 (AppendixA). Total mass emissions data taken from Table 2, page 7 of
same report. Measurements takenm at inlet to gravel bed filter. Data not used in the development of candidate emission factors,

Sum of mass loadings in the varieus particle size ranges contained in the following columns.
Aerodynamic diameter.
Cut-point of cyctone questionable.

Arithmetic mean calculated from Method 5 Runs 2-5 and process data contained in Appendix B of report (see calculations in Appendix B).
Kilograms of pollutant per Mg (10% g) of cement produced. '
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TABLE 4-4. SUMMARY OF PARTICLE SIZE DATA FOR REFERENSE 21 -~ UNCONTROLLED CLINKER COOLER
(ANDERSEN IMPACTOR DATA - AUGUST TESTS)

Data Rating: C

Mass loading by particle size range {mg/DNM? )c

Total mass =

loading b > 4.50 3.1-4.7 1.4-3.1 0.87-1.4 0.63-0.87 < 0.63
Date -Start {mg/DNM3 ) HmA HmA MmA ‘ pmA MmA HmA
8/27 1320 3,529.06 3,459f 28.6 20.7 4.84 2.42 13.5
8/27 1620 385.28 341f 20.9 11.8 3.59 1.00 4.99
8/27 1730 344.98 313f 14.5 11.4 2.43 1.42 2.23
8/27 1800 629.01 581 25.8 14.8 3.5 1.39. 2.52
8/28 0950 2,757.64 2,137 9.2 5.20 1.11 0.48 4.65
8/28 1105 4,277.%4 4,252 11.1 7.82 2.66 0.52 .84
a/28 1440 2,133.14 2,098 9.3 6.44 3.26 2.64 13.5
8/29 1015 2,741.88 2,711 12.2 7.44 2.31 2.04 6.89
8/29 1400 2,159.01 2,131 14.4 9.34 2.42 0.42 1.43

Average total mass
emission factor (kg/mg) 5.429

2 particle size data taken from Table A-1, page 34 of Reference 21 (Appendix A). Total mass emis-

:}?zzrdata taken from Table 2..page 7 of same report. Measurements taken at inlet to gravel bed
Sum of mass loading values in the various particle size ranges contafned in the following columns.
Aerodynamic diameter. _

Includes cyclone catch and first two impactor stages.

May be deminated by oversize particles.

Invalid data - nozzle not pointed directly into flow.

9 Arithmetic mean calculated from Method 5, Runs 2-5 and process data contained {n Appendix B of re-
port (see calculatfons in AppendixB). Kilograms of pollutant per Mg (10% g) of cement produced,
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TABLE 4-5. SUMMARY OF PARTICLE SIZE DATA FOR REFERENCEaZI - UNCONTROLLED CLINKER COOLER
(ANDERSEN IMPACTOR DATA - NOVEMBER TESTS)

Data Rating: C-

Mass loading by particle size range (mg/DNM3)c

Total mass p
’ 1oading b > 4.50 3.1-4.7 1.4-3.1 0.87-1.4 0.63-0.87 < 0.63
Date Start (mg/DNM3 ) pmA pmA pmA HmA pmA HmA
11/4 1100 2,506. 36 2,474f 18.8 9.5 2.4 0.12 1.54
11/4 1130 698. 64 661 19.3 12.2 0.51 1.03 4.60
11/4 1430 1,972.30 1,941 14.9 10.7 3.7 0.53 1.47
11/4 1435 1,816.65 1,791 12.4 8.53 2.53 0.67 1.52.
11/5 0935 2,410.33 2,384 9.11 14.5 1.12 0.23 1.37
11/5 0930 2,477.15 2,453 14.6 7.51 1.32 0.03 0.69
11/5 1415 4,651.35 4,607 17.5 7.97 3.31 4,37 11.2
11/5 1415 4,284.14 4,232 19.7 10.6 4.02 3.42 14.4

Particle size data taken from Table A-1, page 34 of Reference 21 (Appendix A). Measurements taken
at inlet to gravel bed filter.

Sum of mass loading values in the various particle size ranges contained in the following columns.
Aerodynamic diameter.

Includes cyclone catch and first two impactor stages.

May be dominated by oversize particies.

Invalid data - nozzle not pointed directly into flow.




ET-¥

TABLE 4-6. SUMMARY OF PARTICLE SIZE DATA FOR REFERENCE 2} - CLINKER COOLER CONTROLLED BY
GRAVEL BED FILTER (AUGUST TEST SERIES)”

Data Rating: C

Dilution Total mass Mass loading by particle size range (mg/DHH'-‘)d

Start currectign loadingc > 14,3 10.1-14.3 6.2-10.1 4.4-6.2 2.9-4.4 1.35-2.9 0.82-1.35 0.58-0.82 < 0,58
Date time factor (mg/DNM3 ) pmA umA pmA pmA HmA pmA pmA pmA pmA
8/25 1440 1.32 24.95 2.89 2.717 2.57 2.90 4.83 4.41 2.13 0.96 1.49
8/25 1440 1.32 14.74 2.1 2.74 0.45 0.90 1.76 3.07 1.56 0.15 1.32
8/26 1119 1.22 24.39 2.39 1.57 2.19 3.55% 5.97 4.21 3.36 0.94 0.21
8/26 1124 1.34 28.86 3.8 2.24 3.06 4.47 6.45 5.46 2.33 0.71 0.33
B/26 1515 1.34 46.32 9.09 2.3 2.86 4.7% 7.64 6.09 2.38 0.97 10.2
8/26 1515 1.34 36.81 8.87 2.54 3.42 3.90 6.21 6.14 3.1 1.52 1.10
8/27 1100 1.34 43.73 12.0 3.31 3.14 4.37 7.80 7.16 3.48 1.54 0.93
a/27 1150 1.34 43.21 7.98 5.30 3.93 5.21 6.31 7.50 414 1.41 1.43
8/27 1515 1.42 37.80 7.40 2.83 2.89 4.02 5.56 7.43 4.36 1.77 1.54
8/27 1515 1.42 39.74 11.4 2.26 2.48 .12 7.11 6.99 4.01 1.47 0.90
8/28 1045 1.31 31.62 7.16 2.22 2.20 3.17 - 6.23 5.17 2.71 1.15 1.61
a8/28 1045 1.31 31.31 7.74 1.97 2.2% 4.35 4.40 5.35 2.98 0.88 1.79
8/28 1415 1.47 37.19 1.72 2.14 2.60 3.25 5.26 5.97 3.00 1.92 5.73
8/z8 1415 1.47 35.04 5.69 2.96 2.26 3.68 4.88 6.67 2.70 1.53 4.67
8/29 1000 1.27 38.69 10.2 2.13 3.11 4.14 5.77 5.13 2.53 1.70 3.98
8/29 1000 1.27 31.30 5.79 1.60 1.76 3.05 6.27 5.21 2.57 1.23 -3.82
8/29 1400 1.41 16.85 2.69 1.51 1.17 1.15 1.55 319 2.30 1.28 1.27
8/29 1400 1.41 30.83 6.92 1.68 2.56 3.35 5.19 6.10 3.07 0.93 1.03

Average total mass a

emission factor (kg/Mg) o . 0,142

Particle size data taken from Table A-2, page 35 of Reference 21 (Appendix A). Total mass data taken from Table 3, page 8 of same report.
Measurements taken at outlet of gravel bed filter utilizing an Andersen impactor.

Because of the dilution that results from the addition of the backwash air, the results from the outlet impactors must be adjusted to compen-
sate for the difference in inlet and outlet gas flows before comparisons among the various operating conditions can be made and before frac-
tional collection efficiencies can be calculated. The correction factor by which the measured outlet concentrations must be multiplied in
order to effect this adjustment are given for each impactor run in the table.

Sum of mass Ytoadings in the varfous particle size ranges contained in the following columns.

Aerodynamic diameter.

Arithmetic mean calculated from Method 5 Runs 2-5 and process data contained in Appendix B of report (see calculations in Appendix B).
Kilograms of poltutant per Mg (10% g) of cement produced.
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TABLE 4-7. SUMMARY OF PARTICLE SIZE DATA FOR REFERENCS 21 - CLINKER COOLER CONTROLLED 8Y
GRAVEL BED FILTER {NOVEMBER TEST SERIES)
Data Rating: ¢

Dilution Total mass Mass loading by particle size range {m /DNH’)d

correctﬂon loadingc > 13,9 9.8-13.9 6.0-9.8 4.2-6.0 2.8-4.2 .3-2.8 0.79-1.3 0.,57-0.79 < 0.5/
Date Start Duration factor (mg/DNM? ) pmA pmA HmA pmA pmA ymA pmA pmA $mA
11/3 1545 120 1.35 24.05 D.ﬁg 0.43 0.40 0.43 8.01 9.45% 2.56 0.9%6 1.15
11/3 1545 - 120 1.35 28.74 18. 4 0.71 0.64 D0.61 1.08 3.80 2.21 0.66 0.63
11/4 1130 240 1.39 B8.17 0.2 0.13 0.19 0.18 0.64 2.63 2.58 1.02 0.57
11/4 1130 240 1.39 8.20 0.00 0.14 0.16 0.34 0.92 3.36 2.22 0.68 0.38
11/5 0945 240 1.32 11.88 0.99 0.4¢ 0.51 0.61 1.16 3.78 2.51 0.86 0.97
11/5 0945 240 1.32 6.90 1.35 0.45 0.38 0.56 0.20 0.65% 1.16 1.03 1.12
2 Pparticle size data taken from Table A-3, page 36 of Reference 21 {Appendix A). HNo total mass data available for November tests. Mea-

surements taken at outlet of gravel bed filter using an Andersen impactor.

Because of the dilution that results from the addition of the backwash air, the results from the outlet impactors must be adjusted to

compensate for the difference in inlet and outlet gas flows before comparisons among the various operating conditions can be made and

before fractional collection efficiencies can be calculated.

multiplied in order to effect this adjustment are given for each impactor run in the table.

Aerodynamic diameter.

Invalid data - nozzle scraped port on entry.

Sum of mass loadings in the various particle size ranges contained in following columns.

The correction factor by which the measured outlet concentrations must be



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 Kiin 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 plant 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 Ki]h 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 kiin 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 9 kiln. The first series of tests were performed at the
kiln 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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{BRINK DATA)

TAGLE 4-8. SUMMARY OF PARIICLE SIZE DATA FOR REFERENCE' 26 - LOCATIONS 3 ANO 9

Tast 3-3° Test 9-1cC Test 9-26°
Mass Cumulative Rats : Cuaulative Hass Coaulative
Impactor collected Cut-pain percent collectad Cut-poini percent collectad Cut-poins percent
stage (ng} (Op-pma) < stated size (mg) (Dp-pmA} < stated size {mq) (Dp~pmA ) < stated size
Cyclone 432.8 15.0" 100 285.0 15.0" 100 65.8 15.07 100
Stage 1 120.0 4.25 30.91 203.5 2.81 50.35 41.6 2.81 52.8
Stage 2 50.2 2,49 11.75 47.1 1.66 14.85% 16.1 1.68 21.9
5tage 3 10.9 1.68 174 19.1 1.13 6.65 §.2 1.13 11.3
Stage 4 T 6.4 0.85 2.00 10.13 0.59 i 4.3 0.60 5.4
Stage 5 1.3 0.51 0.97 8.7 0.37 1.52 2.5 0.38 2.1
Filter 2.9 0.30 0.44 0 0,30 0 0.7 0.30 0.5
Type of Ory Wet Wet
process
Type of Coke/natural gasf Natural gas Natural gas
fuel
Sampling Betwean multicione and baghouse Qutlat of kiln Outlet of kiln
location .
Total mass 128.6" - 5.5 §1.2
emission .
factor
(kg/ug)d
Data quality Total mass = A Total mass = A
rating Particla size = Imulh‘l"'l'rl Particle size = Inulidk'"
3 particle size measurements made with a Brink Modsl GMS-11 " Raw data taken from pages 43 and 48 of Reference 268 for Test 1-2
cascade impactor with cyclone precollector. (Appendix A).
® Data from pages 50 and 53 of Reference 268 {AppendixA). ! Qaw data taken from page 423 of Refersnce 268 and Table 4-20,
c . page 84 of Refarence 26A for Test 9-1A {Appendix ).
Data taken from pages 433 and 436 of Reference 268 i
(AppendixA }. Raw data taken from page 426 of Reference 268 and Table 4-20,
¢ ' page 84 of Refarence 26A for Test 9-2F {AppendixA).
Data taken from pages 438 and 441 of Reference 258 X
(Appendix A). fmpactor plugged.
€ Aerodynanic diaseter. 1 Kiln under upset condition.
f »

Approximataly §6% coke and 33X natural gas.

Kitograms of particulate matter per Mg (10* g) of cement pro-
duced assuming 5% (weight) of gypsum added to c)inker for
production of finisheo cement {see calculations in Appen-
dices B and ().

Assumed based on FPEIS Test Series Nos. 00157 and 00158.

Not used in emission Pactor development.




The second series of tests at the Location 9 kiln (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 pmA, 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 S. 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 questionable 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 fact 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. 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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TABLE 4-9. SUMMARY OF PARTICLE SIZE DATA FOR REFERENCE 26 - LOCATION 9 (SASS DATA)®

Test Samp1ling (kg/Mg)

Total mass

emission faﬁtor Percent by weight in stated particle size r‘angec

Data

location Clinker Cement > 10 pmAd 10-3 pmA 3-1 pmA 1-0.3 pmA rating
9-3° ESP inlet 42.90 40.86 31.81 36.88 24.60 6.71 Invalid
9-4°® ESP inlet 38.27 36.45 32.53 35.84 23.39 8.24 Invalid
9-5 ESP outlet 0.133 0.127 3.50 0 66.14 30.37 A
9-6  ESP outlet  0.157 0.150 1.54 NAT 72.74 25.72 A

Measurements taken on a wet process cement kiln both upstream and downstream of an electrostatic pre- .
cipitator (ESP) using the EPA Source Assessment Sampling System (SASS).

Kilograms of particulate matter per metric ton (kg/Mg) of clinker or cement produced assuming 5% by
weight of gypsum in finished cement. Data taken from Table 4-21, page 92, of Reference 26A (see calcu-
lations in Appendices B and C).

Aerodynamic diameter. Particle size data taken from Tables F-2, F-8, and F-14 on pages 452, 458, and
464 of Reference 26A and data sheet on page 469 of Reference 26B (see calculations in Appendix B),

Includes phobé and nozzle.

1 pmA cyclone plugged thus terminating test run per discussion on p. 91 of Reference 26A
(Appendix 4). Data not used in the development of candidate emission factors. -

No sample collected.




During the sampling program, tests were run a; the oqt1et of the bag-
house while the kiln 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 effiuent 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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TABLE 4-10. SUMMARY OF PARTICLE SIZE QATA FOR REFERENCE 27 ~ DRY PROCESS KILN CONTROLLED
: BY A BAGHOUSE COLLECTOR

Data Rating: B

Total mass

emission factor Percent by weight in stated particle size rangeC
KVB test No. Type of fuel 1b/ton ka/Mg > 10 pmA - 10-3 pmA 3-1 pmA < 1 umA
9 Natural gas 0.21 0.11 8 32 . 40 20
18 Pulverized coal 0.43 0.22 8 24 34 34

Reference 27 (Appendix A). Measurements made using a SASS train downstream of the baghouse. Both tests
on the same dry process kiln firing two different types of fuel. One_test per fuel type.

Data taken from p. 4-113 of report {Appendix A). Assumed to be calculated based on cement not clinker
production rate. 1 1b/short ton = 0.5 kg/Mg. '

Aerodynamic particle diameter. Data taken from p. 4-108 of report (Appendix A). Assumed to be calculated
based on cement not clinker production rate.




Total
Particulate

Baghouse/ Run Emission Rate Kiln Feedrate
Kiln No. No. 1b/hr kg/hr tons/hr Mg/hr
1 1 1.94 0.881 36.5 33.1

2 1.02 0.463 39.0 35.4

3 1.24 0.563 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 honstandard 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 located 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 kiln (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 miil circuit(s). Results of
these tests are summarized below:
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i Total

' : I 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
ba 38.4 17.4 64 58
5b 20.3 9.2 66 60
5¢ 12.2 5.54 67 61

* 5a = 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.
Howéver, some of the raw data sheets for the No. 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 Tb/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 provided in
Appendix A,

4-23




It was determined that the data contained in Reference 32 were of good
quaTity 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 cyciones and baghouse dust col-
lector. Results of these tests indicated controlled emission 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 O0AQPS, 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. Three EPA Method 5 tests
were conducted on each ESP stack for a total of six test runs. 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. Asshmptions had to be made, therefore, to calculate appropriate emis-
sion factors from the available data. For the above reason, a rating of C
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. Testing was performed on a total of four coal-fired,
wet process kilns. 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. Finally, six Method 5 tests were performed of the emissions from
the Nos. 1 and 4 clinker cooler stack. These data were deleted, however,
since no control device was specified. Results of the kiln tests performed
during the study are summarized below:

Average Total
Particulate Emission Rate

Test Location (b/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
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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 brevented valida-
tion of the sampling results. A rating of C was, thefefore, assigned to the
test data in Reference 40.

4.1.16 Reference 42 (1§33)

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
atmosﬁhere 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 iniet 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-umA preseparator.
Two Method 5 and four particle 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 kiin 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 and Sierra Instruments 15 pmA preseparator. A total of eight
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total mass and eight pafticle size tests were performed at the bagﬁouse
outlet.

Tables 4-11 and 4-12 provide a summary of the results of this study
with applicable 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 cbmp]iance test conducted at a cement
plant 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 parailel. Additional tests were also performed of the total emis-
sions from a clinker cooler equipped with a baghouse dust collector. 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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TABLE 4-11. SUMMARY OF PARTICLE SIZE DATA FOR REFERENCE 42 - MO. 5 KILN BAGHOUSE IMLET®

Data Rating: A

b
c

d

HCSS with 15 usA cyclone preseparator. [Ory process kiln,

®) = net weight in milligrams.

Effective cut-point of cyclone or impactor stage in microsaters (pm} aerodynamic diameter.

Cumulative percent less than or equal to stated size.

Particle
size 15 ym Cyclone Stage 1 Stage 2 Cyclone Filter
run Mass Us s12e Lum. X #ags  Ogp size Com. % Mass  Dgp size Cum. % Hass Dso size tum. X Mass Bsq size
noaver  (0g)®  (ua)®  thae® (me)® e than? m)® (@ than? (e e than?  (ag)® (ua)*
1-1-1 1.8 15.29 82.11 40.8 11.04 60.21 60.7 5.98 57.08 526.6 2.03 29.95 581.4 < 2.0
1-2-1 31,7442 14.97 30.84 n.o 10.99 29.53 277.1 6.05 24.41 1,030.0 1.77 5.38 291.5 <1n
[=-3-1 3.003.5 15.38 42,24 82.1 11.02 40.66 394.6 5.97 31.08 986.0 .12 14.12 734.1 < 2.12
f-4-1 2,905.4 14.72 41.95 8l.6 10.73 40.32 266.1 5.81 35.00 918.0 2.03 16.66 834.0 < 2.03
[-1-2 2,085.8 15.83 45.69 82.2 11.35 43,56 309.5 6.21 35,50 1,019.6 2.02 8.97 44,6 < 2.02
[-2-2 1,937.0 15.66 42.78 67.3 11.29 40.79 2070 6.33 .67 8719.6 1.78 8.69 294.0 <1.78
1-3-2 2,227.4 15.81 40.10 75.0 11.29 18.09 271.% 6.12 30.63 449.5 2.15 "18.54 589.4 < 2.15
[-4-2 2,358.1 15.81 1%9.5] n.? 11,34 37.67 2848 6.15 31.39 891.2 2.1] 8.53 332.7 < 2.1}
[-1-3 3,659.5 15.34 31.95 97.4 11.14 32.19 3830 6.04 25.28 1,112.4 1.9 5.20 268.3 < 1.99
I-2-3 2,699.9 15.62 45.67 135.9 11.27 42.93 4142 6.24 .60 1,067.6 1.87 13.11 651.7 < 1.87
1-3-3 2,099.7 15.59 49.68 79.9 11.24 47.77 3l.6 6.20 19.58 427 1.8% 28.97 1,209.0 < 1.89
[-4-3 797.8 15.84 59.17 a8 11.35 57.39 61.9 6.20 54,22 671.4  2.03 19.85 387.9 <2.03
I-1-4 2,087.2 17.56 7.4 81.4 12.05 45,36 367.1 6.74 36.11 982. 4 2.19 11.26 450.8° < 2.19
[-2-4 1,404.) 16.13 48,65 59.0 11. 44 46.50 150.1 6.37 41.01 785.2 1.92 12.30 ‘336.3 < 1.92
©1-3-4 1,948.0 15. 27 47.00 10.1 11.13 45.09 2456 6.07 38.41 684.5 1.93 19.79 7271.2 < 1.9
[-4-4 1.679.6 15. 67 49.48 7.8 - 11.25 47.3) 191.7 6.10 41.56 840.8 .07 16.28 1.1 < 2.07
a Repraduced froa Table 3-2, page 48 of test report (Appendix A'). Measuremants taken at inlat of the No. 5 prehester baghouse using an Andersen




TABLE 4-12. SUMMARY OF PARTICLE SIZE DATA FOR REFERENCE 42 - NO. 5 KILN BAGHOUSE OUTLET?

15 um Cyclone Stage 0 Stage 1 Stage 2 Stage 3
Particle 050 Cum, X 053 Cum. % D50 Cum. ¥ Dso Cum, % Dso Cum. %
size Massb sizec lessd Massb sizec 1essd Massb sizec lessd Hassb sizeC lessd Massb sizec Iessd
run No. {mg)” ~ (pm) than (mg) {um) than (mg) (pm) than (mg) (um) than (mg) (pm) than
0-1-1 5.38 15.62 76.40 0.04 14.22 76.23 0.00 8.85 76.23 1.31 5.98 70.48 2.29 4.06 60.44
0-2-1 4. .87 15.67 715.43 0.00 14.33 75.43 0.06 8.93 75.13 1.76 6.04 66.25 2.57 4.10 53.28
0-3-1 7.48 15.99 49,25 0.02 14.50 49.12 0.00 9.03 49.12 0.25 6.11 47.42 0.82 4.14 41.86
0-4-1 4. 34 16. 36 87.69 0.70 14.79 85.71 0.77 9.21 83.53 2.29 6.23 77.03 3.9 4.23  65.95
0-1-2 4.61 16.08 84.74 0.00 14.56 84.74 0.19 9.07 84.11 4.43 6.13 69.44 4.90 4.16 53.21
0-2-2 31.78 15.54 84.43 0.00 14.17 84.43 0.00 8.82 84.43 1.70. 5.96 77.42 3l.68 4.05 62.26
0-3-2 5.97 15.81 81.83 0.27 14.37 81.01 0.00 8.95 81.01 1.60 6.05 716.14 2.40 4.10 68.84
0-4-2 6.58 15.63 82.23 0.00 14.27 82.23 0.00 8.89 82.23 2.56 6.01 75.32 11.92 4.08 43.13
-~
o Stage 4 Stage § Stage 6 Stage 7 Filter
w Particle Do Cum. 2 Dso . Cum. % Uso Cum. % Uso Cum. % Dso
size Massb sizec lessd Massb sizec lessd Hassb sizec lessd Hassb sizec lessd Massb sizec
run No. {mg) {pm)™ - than {mg) (pm) than (mg) {pm) than (mg) (pm) than {mg) {pm)
0-1-1 S5.74 2.99 - 35.26 5.57 1.27 10.83 2.18 0.76 1.27 0.01 0.55 1.23 0.28 < 0.55
0-2-1 4.08 2.61 32.69 3.68 1.28 14.13 0.9 Q.77 9.28 0.00 0.56 9.28 1.84 < 0.56
0-3-1 3.24 2.64 19.88 2.93 1.30 2.n 0.37 0.78 0.20 0.00 0.57 0.20 0.03 < 0.57
0-4-1 7.46 2.70 44.80 7.14° 1.32 24.55 4.49 0.79 11.82 0,92 0.58 .21 1.2% < 0.58
0-1-2 - 7.35 2.65 28.87 6.48 1.30 7.42 2.24 0.78 0.00 0.00 0.57 0.00 0.00 < 0.57
0-2-2 6.36 2.58 36.05 5.92 1.26 11.66 2.83 0.76 0.00 0.00 0.55 0.00 0.00 < 0.55
0-3-2 5.90 2.62 50.88 7.57 1.28 27.85 4.69 0.77 13.57 2.02 0.56 7.43 2.44 < 0.56
0-4-2 -6.14 2.60 26.55 7.01 1.27 7.62 2.82 0 .56 0.00 0.00 < .56

.76 0.00 0.00

Reproduced from Table 3-4, page 55 of test report (Appendix A). ' Samples collected from common stack of both preheater and by-pass
baghouses using an Andersen Mark III cascade impactor with 15 umA cyclone preseparator. Ory process kiln.

mg = net weight in milligrams.
Effective cut-off point of cyclone or impactor stage in micrometers (um) aerodynamic diameter.

Cumulative percent less than or equal to stated size.




.calciner and 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 rehort jtself, a technical paper (Reference 45) was used to derive
this information.

During sampling, three test 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 ib/ton) and 0.02 kg/Mg (0.04 1b/ton) for the kiln and
cooler, respectively. Applicable portions-of the test report 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 outlet 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.5® 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 equipped with a Sierra
Instruments 15-pumA 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.

Af 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 IIl cascade impactor and Sierra
Instruments 15-pumA 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 location. To accommo-
date the portion of the duct containing the dust layer, the sampling points
were moved farther into the unobstfucted 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 outiet 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-
port, the Kiln 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 barticu1ate emissions from the
clinker 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 inciuded
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 kiin 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 bf compliance tests conducted of the
emissions from a Loesche (raw grinding) ﬁi]], 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 eqhipped 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 ("mil1l 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 total of four tests were conducted on the main kiln stack with an
additional three tests performed of the controlled emissions from the clinker
cooler. ATl 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 1b/hr

2 Main stack* 11.17 24.61

3 Main stack* 11.53 25.40
4 Main stack* 7.600 16.74

5 Main stack* 7.110 15.66
8 Cooler stack 33.53 73.85
13 Cooler stack 17.67 38.92

Cooler stack 22.65 49,90

* Loesche mil} 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-
evér, from the information that was available, all indications are that the
tests were sound and adequafé]y documented. For these reasons, a rating of
B was assigned to the test results included in Reference 51.

4.1.23 Reference 52 (1984)

This reference document is the report of a particulate compliance 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/h;) 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 majof probiem 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 final reference 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
canducted on the ESP stack which resuited in an average emission rate of
9.03 kg/hr (19.90 ib/hr). Appropriate portions of the test report are
included in Appendix A.

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 ca]cu}ations 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 matter as determined from the various 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 C for controlled cement kilns 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. Al1 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 particglate
emission factor

Ref. Raw data a <
Source type Fuel type No. table Nos. kg/Mg cement  kg/Mg clinker
Wet process kilns  Gas 26A/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 4-22 130° 140
Clinker cooler . 21 4-3 and 4-4 4.4 4.6
a 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 7-4, pages 16 and 20 of the test report.
. A

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 4-16. (continued)

Average nnsurug Candidate b
No. emission factor Data enission factor Emission
Ref. Type of of - kg/Mg kg/Mg quality kg/Mg kg/Mg _  factor
Source typs Control technology No. fuel tests cement clinker rating cement. clinker rating
Clinker coolers Gravel bed filter 2 NA 4 0.142 0.149 [ 0.15 0.16 <
{continued) sz A 3 0.0784 0.0823 A
48 NA E 0.079 0.083 B
519 M 3 0.294 6. 309 B
Flaish aill system Baghouse 17 NA 2 0.0162 NA B 0.017 NA 4
12 NA 3 0.0263 NA 8
14 RA 3 0.0079 HA 8
Raw 2111 systea” Baghouse TR 2 0.0342 NA 8 0.034 NA )
Primary |fmestane” Baghouse 18 NA [t 5.05 x 1074 HA 8 $.1x 108 HA [}
crushar . .
Prinary Vimestone®'®  Baghouse 18 NA 4 L1x10* HA 8 1.1 0 107¢ NA 0
scraen : .
iR Conveyor transferd'™  Bagnouse 1B M ] 1.5x10°% A ] 2.0x 107 NA 0
=3 station
—
Secondary limestone® " Baghouse 18 nA 3 1.6 x 10°* NA 8 1.6 x10°% NA D
screan and
crusher

Avarage ewission factor calculated from raw data contained {n the reference document. Ses calculations In Appendices C and . AN
calculations perforoed in terms of mass of cement produced. Emission factors in terms of clinker production assumes SX gypsum in
finishad cemant. NA = not applicable. )

Arithmetic mean of average seasured emission factors for A- and B-rated data sats shown in previous columns. Rounded to two significant
o figures.

Kiln not oquippt;l with cyclonas upstream of ESP.

Emission factor(s) rounded to two significant figures.

Cyclones + baghouse collector.

Rounded to one significant Figurs.

Cocler squipped with cyclons collector upstream of a gravel bad filter.

Expressed in terms of kilograms of particulate matter per sstric ton (MQ) of raw material processed.
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TABLE 4-17. CALCULATED PARTICLE SIZE DISTRIBUTIONS FOR REFERENCE 20 - ESP INLET?

Data Rating: C

Cumulative mass X equal Mass loading equal to or 1eas than
to or less than stated size® stated size (mg/dncm)

Test b 2.5 5.0 10.0 15.0 20.0 2.5 5.0 ] 10.0 15.0 20.0
ID No. pmA pmA pmA umA pmA HmA pmA pmA HmA HmA
2-1 7.51 17.7 31.7 49.8 60.0 3,880 9,130 17,400 25,700 31,000
2-2 12.0 18.6 23.3 27.8 31.3 1,340 2,070 2,590 3,090 3,480
3-1 8.90 19.2 kL 60.2 73.0 3,500 7,570 15,100 23,700 28,700
3-2 9.87 15.7 34.9 54.6 68.4 2,280 3,620 - 8,060 12,600 15,800
3-3 9.53 20.1 30.2 44.3 59.7 3,850 8,110 12,200 17,900 24,100
3-4 8.01 22.1 1.1 40.3 52.0 3,140 8,660 12,200 15,800 20,400
4-1 131.3 18.6 21.1 23.3 25.6 1,910 2,680 3,030 3,350 3,680
4-2 6.90 19.9 34.4 49.0 64.4 1,790 5,170 8,920 12,700 16,700
4-3 6.58 18.5 36.5 57.8 11.5 2,630 7,380 14,600 23,100 31,000
4-4 © 9,37 24.3 32.5 39.3 57.5 3,000 7,770 10,400 12,600 18,400

Data taken directly from FPEIS Test Series 80, pages 17, 34, and 60 . Wet process kiln.
See footnote in Table 4-2,

Aerodynamic diameter. Calculated from mass loadings on impactor stages or in cyclone shown in following
columns, :

From Table 4-2. - mg/dncm = milligrams of particulate matter per dry normal cubic meter of flue gas. No
process data available with which to calculate emission factors.



TABLE 4-18. CALCULATED PARTICLE SIZE DISTRIBUTIONS AND UNCONTROLLED EMISSION FACTORS
FOR REFERENCE 21

Data Rating: €

Cumulative emission factor

Cumulative mass X c oqual to or less than stated size (kq/Hg)d :
equal to or less than stated size Total mass
Type of Test Test b 2.8 5.0 10.0 15.0 20.0 2.5 5.0 10.0 15.0 20.0 eﬂ'l"ts:'n'c:ne
impactor date 1D No. mA WA WmA pmA pmA HmA HmA MDA HmA pmé, factor
Andersen 8/27 1320 0.937 2.46 1.0.0 22.1 34,0 0.042 0.10 0.44 0.98 1.5 4.4
8/28 0950 0.331 0.902 6.87 1%.2 32.4 0.015 0.040 0.30 0.85 1.4 4.4
1105 0.274 0.740 6.27 18.5 32.0 0.012 0.033 D.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 1015 9.563 1.32 7.80 19.9 325 0.025 0.058 0.35 0.88 1.2 4.4
1400 0.452 1.53 - 9.00 21.5 33.9 0.020 0.068 0.40 0.95% 1.5 4.4
III.M’;'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 1.8 9.53 21.9 34.0 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 1l.27 7.41 19.3  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 0.95 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
Arithmetic mean 0.54 1.5 8.6 21 k) 0.024 0.064 0.38 0.94 1.5 -
(x) ..
Geogetric mean 0.50 1.4 8.4 21 34 0.022 0.061 0.37 0.93 1.5 -
(x,)
[
- . Standard devia- 0.24 0.45 1.7 3.2 4.1 0.011 0.018 0.074 0.15 0.19 -
o . 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 (og) .

2 From computer printouts included in Appendix E. Brink impactor data not used.
\ b Measured at iniet of a gravel bed Tilter (Rexnord) used to control emissions from a-clinker cooler.
€ Asrodynamic diameter.
d Kilograms of particulate matter per Mg (10 g) of cement produced. Reduced to two significant figures.
® From Table 4-3,
4

No Method 5 data available for these tests. Cumulative emission factors calculated from particie size data (Appendix E)
assuming a total mass emission factor of 4.42 kg/Mg as determined during the August test series (see Table 4-4),
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TABLE 4-19. CALCULATED PART]CLS SIZE DISTRIBUTIONS AND CONTROLLED EMISSIDN FACTORS
FOR REFERENCE 21

Data Rating: C

Cumulative emission Tactor

Cusulative mass X equal t equal to or less than stated size ngﬂg)d
o less than stated size Total mass
Test | T35 50 100 150 20.0 2.5 5.0 10.¢6 150 20,0 emissiop

Test date 10 No. HmA HmA pnﬁ [T pmA pmA UmA A PmA pmA factor
8/2% 1240 Jl1.4 60.1 77.2 89.7 96.1 0.045 0. 085 0.11 0.13 0.14 0.4
1440 37.1 550 636 B3.2 94.8 0.0%3 0.080 0.090 .12 G.14 0.14

8/26 1119 1.1 66,3 9837 91.0 95.0  0.044 0.094 0.12 0.13 0.4 0.4
. 1124 5.9 99.2 78.% 8?7.7 92,7 0.036 0.084 0.11 0.1 0.13 0.14
1515 8.6 BLZ 753 a1.0 84.9 0.055 0.0%0 0.11 0.12 0.12 0.14

1515 28.0 53.4 68.9 76.8 81.9 0.040 0.075 0.10 0.1 0.12 0.14

8/27 1100 25.7 52.0 64.9 736 79.3  0.037 0.074 0.092 0.10 .11 0.14
1150 29.% 52.9 69.2 83.0 91.1 0.042 0.075 0.098 0.12 0.13 0.14

1515 5.6 590 72.9 81.4 86.7 0.051 0.084 0.10 0.12 0.12 0.14

151% 29.3 54.9 §5.5 12.1 16.7 0,042 0.078 ¢.093 o0.10 0.11 0. 14

8/28 1045 29,2 S57T.6 10.3 78.3 8y 4 0.042 0.082 .10 B.11 .12 0.4
1045 29,8 53.4 8.9 76.1 BO.% ° 0.042 0.076 0.098 0.11 0.12 0.4

1415 39.9 613 73.4 80.0 84.3  0.057 0.087 0.10 0.11 0.12 g.14

1415 40.1 62.6 75.3 84.8 90,5 0.057 0.089 0.1¢ 0.12 0.13 0,14

8/29 1000 30.9 537 8.0 4.4 78.8 0.044 0.076 0.097 0.1 0.11 0.14
1000 6.4 652 76.3 82.2 86.0 0.0%2 0.093 0.11 0.12 6.12 0. 14

1400 47.9 B4.0 75.0 85.1 91.1 0,068 0.091 G.11 0.12 0.13 a.14

1400 3.4 57.3 712.0 718.3 82.4 0.045 0.081 0.10 0.11 a.12 Q.14

11/3 1'.545f 51.0 93.7 95.6 97.6 98.6 0.072 0.13 0.14 0.14 0.14 0.14
11/4 11310:,r 79.9 92,3 95.7 97.5 98.5 0.11 0.1 0.14 0.14 0. 14 0.14
1130 76.0 945 98.3 100.0 100.0 ©.1) 0.13 0.14 0.14 0.14 0.14

11/5 0945; 64.4 B80.9 8.8 92.5 95.1  0.092 0.12 0.13 0.13 0.14 0.14
0945 56,4 64.4 4.4 Bl.8 Bs.4 ©0.080 0.092 0.11 0.12 0.12 .14

Average? 40 64 76 84 89 5 0.057 0.091 0.11 0.12 0.12 -

From computer printouts fncluded in Appendix E.

Measured at outlet of a gravel bed filter {Rexnord) used to control eméssions from a c)inker capler.
Aerodynamic diameter, -

Kilegrams of particulate matter per Mg (10% g) of cement produced. Reduced to two significant figures,
From Table 4-6. '

No Mathed 5 dats available for these tests, Cumulative emission factors calculated from particle sire data (Appendix E)
assming a tolsal mass emission factor of 0,142 kg/Mg as determined during the August test series (see Jable 4-5).

9 Two significant figures.
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TABLE 4-20. CALCULATED PARIICLE SIZE DISTRIBUTIONS AND EMISSION FACTORS FOR
REFERENCE 26

Cumulative emission factor ¢
equal to or less than stated size (kq/Mg)

Cumulative mass ¥ equal otatl
to or less than stated size . mass
Measurement 2.5 5.0 10.0  15.0 20.0 2.5 5.0 10.0 15.0 20.0 emission Data
ID No. location MmA  pmA HmA HMA HmA HmA HmA HmA HMA HmA factor rating
3-39  Multiclone  3.82 14.3 24.3 312 3.7 476 17.8 30.2 389 47.0 125 B
outlet

9-5e ESP outlet 67.1 - 82.8 92,7 95.0 97.5 0.0852 0.105 0.118 0.122 - 0.124 0.1279
9-6 62.8 B83.4 94,7 97.7 98.8 0.0942 0.125 0.142 0.147 0.148 0.1509 A

From computer printouts included in Appendix E. Rounded to three significant figures.

Aerodynamic diameter.

Kilograms of particulate matter per Mg (10% g) of cement produced.

Test conducted with Brink impactor. Dry process kiln.

Test conducted with SASS train. Data fit to log-normal distribution in place of SPLINE routine. Wet process kiln. |
From Table 3-8. Rounded to three significant figures. '

9 From Table 4-9.
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TABLE 4-21. CALCULATED PARTICLE SIZE DISTRIBUTIONS AND CONTROLLED EMISSION FACTORS
FOR REFERENCE 27

Data Rating: B

Cumulative emission factor

Cumulative mass % equal tob equal to or less than stated size (kg/Mg)C
to or less than stated size Total mass
2.5 5.0 10.0 15.0 20.0 2.5 5.0 10.0 15.0 20.0 emissioa
ID No. Type of fuel umA pmA  pmA  umA pmA HMA pmA pmA pmA MmA factor
-9 Natural gas = 52.4 75.0 91.7 97.9 100 0.058 0.083 0.10 0.11 0.11 0.11

18 Coal 62.3 ~ 79.4 91.9 9.9 99.0 0.14 0.18 0,20 0.21 0.22 0.22

From computer printouts in Appendix E. Emissions from a dry process cement kiln measured at the outlet of
a baghouse collector.

Aerodynamic diameter.

Kilograms of particulate matter per Mg (10 g) of cement produced. Rounded to two significant figures.

4 From Table 4-10.
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TABLE 4-23. CALCULATED EMISSION FACTORS FOR REFERENCE 42 - N0. 5 KILN BAGHOUSE OUTLET?

Qata Rating: A

- Total mass b ¢ Total mass d Cumnulative emissfon factors equal to or less than stated sized
Particle size emission rate Production rate emission factor 2.5 paA 10.0 pmA 15.0 pmA
run number {1b/hr} {ka/hr) {tan/hr) (Mg/hr) (1b/ton) (kg/Mq) (1b/ton) (kg/Mg) {1b/ton) {kg/Mg)  (1b/ton) (kg/Mg)
g-1-1 26 12 kK] 30 0.79 0.40 0.27 0.14 0.60 0.30 0.62 0.11
0-2-1 25 1 35 32 0.71 0.36 0.22 0.11 0.54 .27 0.54 n.27
6-3-1 26 12 36 1 0.72 0.36 0.13 0.065 0.15 0.18 0.36 0.18
0-4-1 5 1 15 32 0.71 0.36 0:30 0.15 0.60 0.30 0.62 0.1
Average 26 12 as 13 0.74 0.37 0.23 0.12 0.52 0.26 Q.54 0.27
0-1-2' 27 12 13 10 0.82 0.41 0.23 0.12 0.69 0.35 0.70 0.3%
0-2-2 30 14 33 30 0.9 G.46 0.33 0.17 a.77 0.9 0.82 0.41
0-3-2 41 19 1 0 1.24 0.62 0.61 0.31 1.01 0.51 1.02 0.51
Q0-4-2 19 18 33 0 1.18 0.59 0.1 0.16 0.97 0.49 1.04 0.52
Average 34 15 13 0 1.03 0.52 0.37 Q.19 0.86 0.43 0.%0 0.45
Total avarzage 30 14 34 31 0.88 0.4 0.30 0.15 0.69 06.35 0.72 Q.36

2 Reproduced from Table 3-5, page 56 of test report (Appendix A). Particle size test data obtained with an Andersen Mark [1] impactor with

15 pm preseparator. Ory process kiln.

b Total mass emission rate data cbtained with an EPA Method 17 train. Total mass emission rate froa 10-cell (sain)} baghouse and J-cell (by-pass)
baghousa, pounds per hour (1b/hr} or kilograss per hour (kg/hr}).

€ Shart tons {2,000 b} of cement produced per hour or Mg {10* g) of cement produced par hour,

d

Pounds of particulate matter per short ton (2,000 1b) of cesent produced or kilograms of particulate matter per Mg (10° g) of cement produced.
Aerodynamic diametar.
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TABLE 4-24. CALCULATED EMISSION FACTORS FOR REFERENCE 46 - KILN NO. 2 ELECTROSTATIC PRECIPITATOR INLET®

Data Rating: 8

Total mass c Total mass 4 Cumulative emission factors equal to av less than stated siled
Particle size emission rate Production rate emission factor 2.5 pmA 10.0 pmA 15.0 umA
run No. {1b/hr)  (kg/hr)  (ton/hr)  (Mg/hr)  (lb/ton) (kg/Mg) {1b/ton) (kg/Mg) (1b/ron)  (kg/Mg)  (Ib/ton)  (kg/Mg)

ESP-1-1-1 52,000 24,000 15 32 1,500 750 30 15 120 60 180 90
ESP-1-2-1 57,000 26,000 35 32 1,600 800 iz . 16 110 55 220 110
ESP-I-3-1 21,000 9,500 a5 32 590 300 24 12 77 39 110 55
ESP-1-4-1 24,000 11,000 15 32 690 350 14 7.0 55 28 83 42

Average 38,000 17,000 - 35 32 1,100 550 25 13 90 45 150 75
£ESP-1-1-2 52,000 24,000 15 32 1,500 750 . 3o 15 100 50 180 90
ESP-1-2-2 57,000 26,000 35 32 1,600 800 32 16 119 55 . 180 90
ESP-1-3-2 21,000 9,500 36 33 530 300 12 6.0 53 27 88 44
ESP-1-4-2 24,000 11,000 35 32 690 350 14 7.0 55 27 76 38

Average 38,000 17,000 35 32 1,100 950 22 11 80 40 130 65
ESP-1-1-3(8) 86,000 39,000 15 32 2,400 1,200 24 12 140 70 240 120
ESP-1-2-3 39,000 18,000 15 32 1,100 250 11 5.5 55 28 110 5%
ESP-1-3-3 26,000 12,000 i5 32 750 380 10 2.0 18 19 68 34
ESP-1-4-3 47,000 21,000 34 il 1,400 700 14 7 110 55 310 160

Average 50,000 23,000 .35 32 1,400 700 15 7.5 86 43 1a0 90
ESP-1-1-4 86,000 39,000 35 32 2,400 1,200 24 12 120 60 220 110
ESP-1-2-4 - 39,000 18,000 35 32 1,100 550 11 5.5 b6 33 110 55
ESP-1-3-4 26,000 12,000 5 . 2 750 . 380 10 5.0 52 26 a2 41
ESP-1-4-4 47,000 21,000 k. 1 1,400 700 28 14 98 - 49 170 85
Average 50,000 23,000 35 32 1,400 700 18 9.0 84 42 150 75
Total average 44,000 20,000 35 2 1,200 600 20 10 BS 43 150 75
a Reproduced from Table 3-3, page 34 of test report {AppendixA). Particle size test data obtained with an Andersen HCSS impactor with

15 pum preseparator. Wet process kiln. , ’

b Total mass emission rate obtained with an EPA Method 5 train; pounds per hour (1b/hr} or kilograms per hour (kg/hr).
€ Short tons {2,000 1b) of cement produced per hour or Mg (10® g) of cement produced per hour.
d

Pounds of particulate matter per short ton (2,000 1b) of cement produced or kilograms of particulate matter per Mg (10° g) of cement
produced.
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TABLE 4-25. CALCULATED EMISSION FACTORS FOR REFERENCE 46 - KILN NO. 2 ELECTROSTATIC PRECIPITATOR QUTLET?

Data Rating: A

Total mass b ¢ Total mass d Cumulative emission factors equal to or less than stated sized
Particle size emission rate Production rate emission factor 2.5 umA 10.0 pmA 15.0 pmA
run No. (b/hr)  (kg/hr)  (ton/hr)  (Mg/br)  (Wb/ten)  (ko/Mg)  (ib/ton)  (kg/Mg) {Ib/ton) (kgMg} (o/ton)  (kg/Mg)
ESP-0-1-1(E ) 1.2 1.5 34 31 0.094 0.047 0.077 0.039 0.084 0.042 "0.088 0.044
ESP-G-2-1(B) 2.1 0.95 34 3l 0.062 0.031 0.051 0.026 0.058 0.029 0.059 0.030
ESP-0-3- 1 5.4 2.5 35 32 0.15 0.075 0.11 0.055 0.12 0.060 0.15 0.075
ESP-0-4-1% 5.0 2.3 35 32 0.14 0.070 0.003 0.0015 0.006 0.003 0.011 0.0055
Average 1.6 1.6 34 n 0.10 0.050 0.079 0.040 0.087 0.044 0.099 0.050
ESP-0-1-2 8.5 3.9 35 iz 0.24 0.12 0.082 0.041 0.13 0.065 0.1% 0.080
ESP-0-2-2(b) 9.6 4.4 34 il 0.28 0.14 0.20 0.10 0.24 0.12 0.24 0.12
£5P-0-2-3 2.8 1.3 35 32 0.08 0.04 0.018 0.009 0.045% 0.023 0.048 0.024
ESP-0-4-2 2.3 1.0 34 31 0.068 0.034 0.028 0.014 0.041 0.021 0.049 0.025
Average 5.8 2.6 34 3l 0.17 0.085 0.082 0.041 0.11 0.055 0.12 0.060
Total average 4.7 2.1 34 n 0.14 0.070 0.080 0.040 0 0.049 0.11 0.056

.098

Reproduced from Table 3-5, page 42 of test report (Appendix A). Particle size test data obtained with an Andersen Mark III impactor
with 15 pm preseparator. Wet process kiln.

Total mass emission rate data obtained with an EPA Method 17 train; pounds per hour (1b/hr) or kilograms per hour (kg/hr).

Short tons {2,000 1b) of cement produced per hour or Mg {10® g) of cement produced per hour. The production rate presented corresponds’
to the same date on which the total mass emission rate was determined. This date may not necessarily be the same as the corresponding
particle size run in that quadrant.

Pounds of particulate matter per short ton (2,000 1b) of cement produced or kilograms of particulate matter per Mg (10% g) of cement
produced.

Not used in calculations or averages due to suspect stage loading.




A number of notations should be made regarding the particle size data
shown in Tables 4-17 through 4-25. First, only 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 proceés (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 regérd to the data contained
in Tables 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
SPLINE routine either through the PADRE portion of the EADS software or as
part of the study itself, no further data analyses were conducted. In the
case of Reference 20, the cumulative mass loadings have been reproduced from
the EADS printoui and the associated cumulative pefcentages back-calculated
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 Mas$ Emissions

The most ideal 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 kilns and one test series for dry process units were found during
the literature search (in addition to that already contained in the originatl
data base used to develop the existing AP-42 eﬁission 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 uncontrolled 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 conducted 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 ﬁrocess kilns; clinker coolers; pri-
mary limestone crushers and screens; secondary limestone crushers and
screens; limestone conveyor transfer; raw miil 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 uncontrolled 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 Tliterature search for cement plants consisting of a total of nine
test series. 1In 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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TABLE 4-26. SUMMARY OF CANDIDATE EMISSION FACTORS FOR
TOTAL PARTICULATE MATTER

Candidate total partiﬁulaté Emission
Control a emission factor Summary c factar
Type of source technology kg/Mg clinker kg/Mg cement table No. rating
Wet process kiln Baghouse 0.57 0.94 4-16 C
ESP 0.39 0.37 4-16 C
Dry process kiln Multiclone 130 . 130 4-16 0
Multiclone + ESP 0.34 0.33 4-16 C
Baghouse 0.16 0.15 4-16 8
Clinker cooler Uncontrolled 4.6 4.4 4-15 D
Gravel bed filter 0.16. 0.15 4-16 C
ESP 0.048 0.046 4-16 0
Baghouse 0.010 0.0097 4-16 c
Primary 1imestoned Baghouse NA 5.1 (10)74 a-16 D
crusher .
- Primary limestoned . Baghouse NA 1.1 (10)74 4-16 ]
w screen
w
Secondary limestone d Baghouse ) NA 1.6 (10) ¢ 4-16 D
screen and crusher
Conveyor transferd. Baghouse NA 2.0 (10)°% 4-16 ]
Raw mill system®'® Baghouse NA 0.034 4-16 D
Finish mill systen’  Baghouse NA 0.017 4-16 c

ESP = electrostatic precipitator.

Emission factor proposed for inclusion into AP-42 in kilograms of particulate matter per metric ton
(Mg = 10¢ g) of cement aor clinker produced. Two significant figures. NA = Not applicable.

Table in this report from which the emission factor was taken.
Emission factor expressed in mass of pollutant per mass of raw material processed.
Includes mill, air separator, and weigh feeder.

Includes mill, air separator(s), and one or more material transfer operations.



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 OAQPS guidelines, A- and B-rated data should not be
combined with C- or D-rated data to develop emission factors for a particu-
lar source. However, in the case of uncontrolled wet process 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 dnclusion 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 information 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:

=1 3 4 (1)
no.5
where: x = arithmetic méan
n = number of measurements
X; = individual measurements
The standard deviation was calculated according to the relationship:
. 5x; 241/2 ' '
o =-[ * _ n } (2)
n-1
where: o = standard deviation with X and n as defined as Equation (1)

4-54

—_—



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:

n
- _ 1 .
Xg = exp T Z n x; (3)
i=1
where: ig = geometric mean with X and n as defined in Equation (1)

The standard geometrié deviation was calculated according to the relationship:

n [Inx; - in-x 211/2 - (4)
04 = exp igl ~ . .
where: o_ = standard geometric deviation with X; and n as defined in

Equation (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 émissions. 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 4-27. CANDIDATE SIZE-SPECIFIC £MISSION FACTORS FOR UNCONTROLLED WET PROCESS CEMENT XILNS

Emisgion Factor Rating: 0

Total
Summary nass
Data data Cumulative mass X of equal _to emission Cunylative emission factor cqualdt.u ar
Ref. quality tah;e Test ID or less than stated site factorc lass than stated size gkglng[
No. rating No. No. Z5umAk 5.0 usA  10.0 pmnA  15.0 pmA  20.0 umA  (kg/Mg) . T .0 pmA .0y A
20 < 4-17 2-1 LS 18 34 S0 60 119.7 9.0 22 41 60 72
[ 2-2 12 19 21 28 11 119.7 14 23 28 3s 37
C 3-1 8.9 19 - 28 60 73 119.7 11 23 45 72 87
c 3-2 2.9 16 kL) 55 68’ 119.7 12 19 41 66 43
C 3-3 9.5 20 0 44 60 119.7 1 24 16 .83 72
20 C. 4-17 -4 8.0 22 k) | X 40 52 119.7 9.6 26 37 48 62
[ 4-1 1 19 21 23 26 119.7 16 23 25 28 n
[ 4-2 5.9 20 34 49 64 119.7 8.3 24 41 59 77
[ 4-3 6.6 18 36 58 78 119.7 1.9 22 43 69 93
c 4-4 9.4 4 33 39 58 119.7 1 9 44 47 69
4% 8 4-24 ESP-I-].: 2.3 - 8.2 14 - 119.7 2.8 - 9.8 17 -
B . ESF-I-Z. 2.0 - 1.3 12 - 119.7 2.4 - 8.7 14 -
8 ES?-I-S. 1.1 - 6.1 13 - 119.7 1.3 - 1.3 16 -
8 ESP-1-4 1.3 - 6.0 11 - 119.7 1.6 - 1.2 13 -
Arithaetic mean (x) 1.0 20 Fod 15 57 - 8.4 24 29 43 68
Geometric mean (x ) 5.5 19 20 0 54 - 6.5 23 24 316 65
Standard devfatiof (a) 1.9 2.2 12 18 17 - 4.5 2.5 it} 2 19
Standard geometric deviation (og) 2.3 1.1 2.1 L9 1.4 - 2.3 1.1 2.0 1.8 1.4

b Aerodynamic diameter,

<

Table in this repart from which reduced data was taken.

Percentages reduced to two significant figures,

and converted to mass of pollutant per mass of clinker assuming 5X gypsum in finished cement.

Average of four tests.

Calculated using the total mass emission factor shown In previous coluen. Results rounded to two significant figures.

Percentages back-calculated from emission factors originally presented in test report.

Based on a total mass emission factor of 114.0 kg of particulate satter per setric ton (Mg) of cement produced per Table B.5-1, page 8.6-3 of AP-42
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TABLE 4-28. CANDIDATE SIZE-SPECIFIC EMISSION FACTORS FOR UNCONTROLLED ORY PROCESS CEMENT KILNS

Emission Factor Rating:

Ref. Data quality Summary data
No. rating table No.?

Cumulative mass % equal Bo
or lass than stated size

S pmA 10.0 wmA  15.0 pmA

Total mass emission
factor (kg/Mg)® 2.5 ymA  10.0 pmA  15.0 umA

Cumulative emission factor
equal to or less thaﬂ
stated size (kg/Mq)

42 A 4-22

Arithmetic mean (x)

Geometric mean {x )

Standard devaatloﬂ {o)

Standard geometric deviation (09)

19 40 42
14 8 49
20 44 47
19 45 48
18 LY 44
18 42 44
2.7 3.9
1.2 1.1 1.1

128,
128.
128,
128.

1 24 51 54

1 18 49 51

1 26 56 60

1 24 58 61
23 54 57
23 33 56
3.0 1.6 4.2
1.2 1.1 1.1

a

b Aerodynamic diameter.

Table in this report from which reduced data were taken.

Calculated using the tota) mass emission factor shown in previous column.

Based on a total mass emission factor of 122.0 kg of -particulate matter per metric ton
». page B.6~3 of AP-42 and converted to mass of pollutant per mass of clinker assuming 5%

(Mg) of cement produced per Table 8.6-1,
gypsum in finished cement.

Rounded to two significant figures,

Average of four tests. Percentages back-calcutated from emission factors ariginally presented in test report.
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TABLE #-29. CANDIDATE SIZE-SPECIFIC EMISSION FACTORS FOR WET PROCESS KILNS
CONTROLLED BY ELECTROSTATIC PRECIPITATORS

Emission Factor Rating: &

‘ Total
Summary mass
Data data Cumulative mass X aqua) t.g epissign Cumulative emission factor - d
Ref, quality table Test 1D or Jeass than stated site factor equal_to or less than stated size gkg/'_igi
No. rating No., Na. Z.5 pmh 5.0 ymA  10.0 pmA  15.0 pmh  20.0 peA  (kg/Mg) T .0 umA 0 u T0 pmA .
26 A 4-20 3-5 87 81 93 9 98 0.39 D.26 ° 0.32 0.36 0.37 0.38
9-6 63 a1 5 98 99 0.239 0.25 0.12 Q.37 0.38 0.39
4 A 425 ESP-0-13 79 - 87 % - 0.39 0.31 - 0.3 0.39 -
ESP-0-2 48 - 65 n - 0.39 0.19 - 0.25 0.28 -
Aritheetic mean {x) 64 83 a5 91 9 - 0.2% 0.32 0.33 .36 0.39
Geoceetric mean (x_) B X ] a3 B4 M® 498 - 0.25 0.12 0.33 0.15 0.18
Standard deviatiofl (o) 13 0.42 14 13 0.92 - 0.043 0.0 0.047 3. 044 0.0
Standard geometric deviation (ag) L2 1.0 1.2 1.2 1.0 - 1.2 1.0 1.2 1.1 1.0
3 Table in this report from which reduced data ware taken.
5 Aerodynamic diazmetsr. Percentages rounded to-two significant figures.
< Expressed in kg of particulate matter par satric ton (Mg) of clinker produced per Table &-26 of this report.
d

Calculatad using the total mass emission factor shown in previous column. Rounded to two significant figures.

Average of four tests. Percentages back-calculated from emission-factors originafiy presented in test report.
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TABLE 4-30. CANDIDATE SIZE-SPECIFIC EMISSION FACTORS FOR DRY PROCESS CEMENT
" KILNS CONTROLLED BY BAGHOUSE COLLECTORS

Emission Factor Rating: D

Tota)
Summna ry Bass
Data data Cumulative mass X equal t eaissign Cumulative emissfon factor d
Ref. quality tabla Test 1D or less than stated size factor equal to or less than stated size (kgl!gg
No.  rating No. No. TS5 usA S0 umA  [0.0 pmA  15.0 pmA  20.0 pmA  (xg/Mg) Z.5 pmA 5.0 pmA 10,0 pyea  15.07p 20,0 yi
27 B 4-21 ' B'f 52 75 92 98 100 0.16 0.083 0.12 0.15 0.16 0.16
) 18 62 79 92 97 99 0.16 0.099 0.13 0.15 0.16 0.16
42 A 4-23 0-19 31 - 70 13 - 0.16 0.050 - 0.11 0.12 -
0-2“ 36 - B4 87 - 0.16 0.058 - - 0.13 0.14 -
Arithmetic asan {x} 45 77 84 a9 100 - 0.073 0.13 0.14 0.15 0.18
Geometric mean {(x_) 44 7 84 B8 99 - 0.070 0.12 0.13 0.14 0.16
Standard deviatiodl (o) 14 3.1 10 12 .n - 0.020 0.005 0.017 0.017 0.0
Standard geomatric deviation (ug) 1.4 1.0 1.1 1.1 0.0071 - 1.1 1.0 1.1 1.1 1.0

Table in this report frow which reduced data were taken.

Aerodynamic diasetar. Percentages rounded to two significant figures.

Expressed in kg of particulate matter per u-t*ic ton {Mg) of clinker produced per Table 4-26 of this report,
Calculated using the total mass emission factar shown in previous column. Rounded to two significant figures.
Fuel = natural gas (see Table 4-21). ’

Fuei = pulverized coal (see Table 4-21).

Avarage of four tests. Percentages back-calculated from emission factors originally presented in test report.
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TABLE 4-32.

Emission Factor Rating:

0

SUMMARY OF CANDIDATE SIZE-SPECIFIC EMISSION FACTORS FOR CEMENT KILNS

Cumulative mass X equal to or less than stated size?

Baghouse Cumulative emission factor equal to or less than stated sizeb
Uncontrolled Dry collector Dry
Particle Wet Ory process Wet process et ry U"cngtr°]|°d § Process uitg Wet process 8aghouse collector 3
size process procegs kiln with kiln w}th progess proceas Wet process Dry process multiclone with ESP Wet process Ory process
{(pumA) kiln kiln multiclons €5P kiln Kitn b/ton  kq/Mg ton kg/Mg Tb/ton kg/Mg T1b/ton kg/Mg Tb/ton kg/Mg Te7tan kg/Mg
2.5 7.0 18 3.8 64 - 45 17 8.4 46 21 -10 5.0 0.50 0.25 - - 0.15 0.073
5.0 20 - 14 83 - 17 48 24 - - 18 19 0.64 0.32 - - 0.26 0.13
10.0 24 42 24 85 - L} 58 29 108 54 64 32 0.66 0.1 - - 0.28 0.14
15.0 35 44 k1 91 - 89 86 43 114 S7 82 41 0.72 0.36 - - 0.30 0.15
20.0 57 - 18 98 - 100 136 68 - - 98 4 0.78 0.39 - - 0.32 0.16
Total mass emission factor 200 120 256 128 260 130® o078 038" 11 05" o0z 016"
a Aerodynamic diameter. A}l percentages rounded to two significant figures. ® From Table 4-20. Emission factors converted to kg of particulate

Rounded to two significant figures.
unit weight of clinker praduced,

€ From Table 4:27.

From Table 4-28.

Unit weight of particulate matter per

matter per metric

ESP = electrostatic precipitator.

From Table,i-]ﬂ.

From Table 4-26.

ton (Mg) of clinker produced.

From Tahle 4-29.

Two significant figures.




TABLE 4-33. SUMMARY OF CANDIDATE'EMISSIOE FACTORS FOR CLINKER COOLERS

Emission Factor Rating: E

Cumulative emission factor egual

Cumulative mass % edual tB to or less than stated size
Particle or less than stated size - R Gravel d
sizea Gravel bsd Uncontrolied bed filter
(umA) 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 0.32
emission
factor
a Aerodynamic diameter.
b "Rounded to two significant figures. From Tables 4-18 and 4-31.
€ Unit weight of pollutant per unit weight of clinker produced. Rounded
to two significant figures.
4 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 Controlled Emission Factor Equal to or Less
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Figure 4-1. Size specific emission factors for cement kilns.
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4-64

Than Stated Size (kg/Mg Clinker)



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 QAQPS
as outlined in Section 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 C 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 resulting emission factors where large differences in data
quality existed.

For the remainder of the candidate emission factor§ developed in this
study for cement kilns, generally high quality particlie 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 E was assigned to the size-specific emission factors utilizing the cri-
teria developed by the 0AQPS.
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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-
lowing pages as it would appear in the document.
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8.6 PORTLAND CEMENT MANUFACTURING

8.6.1 Process Descriptionl-3

Portland 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: 1line (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 18 removed as carboan dioxide and water vapor. As shown in Figure 8.6-1,
the raw materlals 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 is reduced to less
than | 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 is slightly inclined, rotating about
the longitudinal axis. The pulverized raw wmaterials are fed into 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 inciplent fusion and forms the clinker. The clinker is cocled,
mixed with about 5 weight percent gypsum and ground to the desired fineness.

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

With the wet process, a slurry is made by adding water to the initial
grinding operaticn, Proportioning may take place before or after the grinding
step, After the materials are mixed, excess water is 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 molsture 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 productioan. 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 than those without a preheater, because heat transfer
to the dry feed is more efficfent 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 Controlsl=2,5

Particulate matter is the primary emission in the manufacture of Portland
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
small amounts of oxides of sulfur,

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 is 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
emigsions 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 1s discarded or treated before its return to the kiln.
The maximum alkali content 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 fhe 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 combirnations of these to control emissions.

To avoid 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-
er. Some of the kiln exhaust gases are ducted to the alkall bypass before the
" preheater, thus reducing the alkall 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 uncontrolled kilns and clinker coolers are also
shown in Figures 8.6-2 and 8.6-3. k

Sulfur dioxide (S0y) 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 control
devices on SO; emissions from cement kilns is inconclusive. This is because of
variabilicy of factors such as feed sulfur content, temperature, moisture, and
feed chemical composition. Control extent will vary, of course, according to
the alkali and sulfur content of the raw materials and fuel.b

Nitrogen oxides (NO.) are also formed during fuel combustion in rotary
cement kilns. The NOx emissions result from the oxidation of nitrogen in the
fuel (fuel NOx) as well as in incoming combustion air (thermal NO.). The quan-
tity of NOx formed depends on the type of fuel, its nitrogen content, combustion
temperature, etc. Like S0y, a certain portion of the NO; reacts with the alka-
line cement and thus is removed from the gas stream.

“10/86 Mineral Products Industry 8.6-3
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EMISSION FACTOR RATING; E

TABLE 8.6-1. UNCONTROLLED EMISSION FACTORS FOR CEMENT MANUFACTURING?®

. + Sulfur dioxidet Nitrogen
Process Particulated Mineral Gas oll Coal oxides Lead
kg/Mg 1b/ton sourced combuation combustion combuation kg/Mg 1b/eon kg/Mg Ib/ton
kg/Hg IbJton g/Mg 1b/ton g/Mz 1bj/ton kg/Hg 1b/ton

Dry proceas kiln 128 256 5.4 10.8 - Neg Neg 2,25 4,48 .65  7.28 1.4 2.8 0.06 .12
Wet process kiln 120 240 S.4 10.8 Neg Neg 2.25 4.4S 3.68 1.28 1.4 2.8 0.05 0.10
Clinker cooler® 4.6 9.2 - - - - - - . - - - - - -
Dryera, grinders, ete.f

Wet pracess 16.0 2.0 NA NA HA NA MA NA NA "NA NA NA .61 0,02

Ory process 48.0 96.0 NA HA NA NA NA NA NA NA NA NA 0.02 0,04

Ggeferences 1-2, Expreased In teims of units of clinker produced, assusing 5% gypsum in Einlshed cement.
Includes fuel combustion emissfons, which should not be calculated separately. Neg = negligible.
S » X sulfur {n fuel. Dash = no data. NA = not applicable.

bEninsion Pactor Rating: B

CFactors account for reactions with alkaline dust, with no controls. One test series for gas and oll
fired wet process kilns, with limited data, suggeats that 2]-45% of 50; can be removed by reactions
uith the alkaline filter cake, 1f baghouses are used.

dfroa sulfur fn rav waterials, which varies with their sources. Pactors account for some realdual
sulfur, because of itm alkalinity and affinity for 50;.

€Reference 8. Eaission Factor Rating: D.

fExpressed in terms of units of cement produced,
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TABLE 8.6-2. CONTROLLED PARTICULATE EMISSION FACTORS FOR
CEMENT MANUFACTURING2

Type Control 7 Particulate Emission

of technology kg /Mg 1b/ton - Factor
source n : clinker clinker. Rating
Wet prodess kiln Baghouse 0.57 I.1 C
ESP 0.39 0.78 c
Dry process kila ' Multiclone 130t " 2600 D
: ‘ Multicyclone ; : )
+ ESP 0.34 0.68 C
Baghouse 0.16 0.32 B
Clinker cooler Gravel bed
- filcer 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 o
screen® Baghouse 0.00011 0.00022 D
Secondary limestone '
screen and crusher® Baghouse 0.00016 0.00032 D
Conveyor transfer® Baghouse - 0.000020 0.000040 D
Raw mill systemc,d Baghouse 0.034 0.068 D
Finish mill system® Baghouse . 0.017 0.034 c

-BReference 8. Expressed as kg particulate/Mg (1b particulate/ton) of clinker
produced, 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. .

€Includes mill, air separator(s) and one or more material transfer operatious.
Expresgsed in terms of units of cement produced.

10/86 Mineral Products Industry ° ' . 8.6~5
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TABLE 8.6-3. SIZE SPECIFIC PARTICULATE EMISSION FACTORS FOR CEMENT KILns?

EMISSTON FACTOR RATING; D

Particle Cumulative waes I ¢ atated sizeb Cumylstive emission factor { stated size®
aize - T
{ua) Uncontrolled bry Wet Baghouse Uacontrolled Dcy procaas Wt process Baghouse
et Dry process process Wet Dry Het Dry with with Wet bry
process process kilo with kiln with process process Procass Procass wultictoned ESP tocess TOCesn
kiln kiln multicloned ESP kiln kiln kg/mg IbJton kg/Mg 1b/ton %g/Mg 1b/tonkg/Hg Tb/ton kg/Hg Ibjton kg/Mg 1b/ion
2.5 7.0 18 3.8 64 NA 45 8.4 17 23 46 3.0 10 0.25 0.50 NA HA 0.073 0.15
5.0 0 MA 14 8l NA mn - 24 a8 - - 19 k] 0.32 0.64 HA NA 0.13 0.16
10.0 24 A2 4 as NA B4 19 58 111 108 k¥ L] 0.3 0.66 NA KA 0.1k .20
15.0 3% & k) ] 91 NA a9 43 86 57 14 [1] a2 0.36 0.72 MA NA 0.1% 0.30
0.0 57 A k! } 98 HA 100 | L1 136 - - A9 48 0.31% 0.78 NA NA 0.16 0.32
Total wass emission fsctor 1200 240°  128* 238 1f  260f 0.3t o.78f  o0.97f 1t oaef  0.32f

Spefarence B, BSP = alectroatstic precipitator. NA = mot svailsble, Dash = no data,
baerodynamic diametar. Percentages rounded to two aignificent figures.
Cezpreased as unit weight of particulate/unic weight of clinker produced, sgauming 5%
gypoum in finfahed cement, Rounded to two significant figures.
Sssed on & singla test, snd ghould be used with caution,
*From Table 8.6-1. .
fProm Table 8.6-2.
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TABLE 8.6-4. SIZE SPECIFIC EMISSION FACTORS FOR
CLINKER COOLERS?3

EMISSION FACTOR RATING: E

Particle Cumulative mass 2 Cumulative emission factor
sized ¢ stated sizec < stated sized .
{um) Uncoatrolled Gravel bed filter Uncontrolled Gravel bed filter

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

2.5 0.54 40 0.025 0.050 0.064 0.13 =
3.0 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 o2l . 84 0.99 2.0 0.13 0.26
20.0 34 . 89 1.6 3.2 0.14 0.28
Total mass emission factor 4.6% 9.2¢ 0.16f 0.32f

dReference 8. ] |
bAerodynamic diameter
CRounded to two significant figures.
dyuit weight of pollutant/unit weight of clinker
produced. Rounded to two significant figures.
&From Table 8.6-1.
fFrouATable 8.6-2.
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APPENDIX A
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OF PARTICULATE EMISSION FACTORS




Excerpts from

REFERENCE 10 (SECTION 4.0)

Emissions from Wet Process Cement Kiln and Clinker Cooler at Maule
naustries, Hiaieah, Fiorida, est No. /i-MM-0L, U.S. Environ-
mental Protection Agency, Research Triangle Park, NC, March 1972.




TABLE I

RESULTS FOR CLINKER COCLER STACK NO. 1

NA - Not Applicable

Rup Number 1 2
Date . 2-25-71 2-25-17 . 2-25-71
Per&ent Excess Air NA NA NA
Percent Isokinetic 106.2 110.0 103.7
Stack Flow Rate - SCFN* dry 19,473 17,369 18,99
Stack F;;W_Rate  ACFM wet 23,898 21,360 23,216
Volume of Dry Gas Samp1¢d ~ SCF* 74.90 69.25 71.41
Feed Rate - tons/ﬁf. 41.2 41.2 41.2
Particu?ate$ _
Probe, Cyclone, & Filter Catch |
mg . ; 128" 127 o4
gr/SCE* 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 0.07%8 |
Total Catch
'mg 134 138 104
© gr/SCF*dry 0.0276 0.0307 0.0224
gr/CF @ Stack Conditions ' 0.0224 0.0249 0.0183
Tbs/hr 4.5% 4.551 3.647
1bs/ton feed 0.112 0.110 . 0.0885
¢ Impinger Catch 4.5 8.0 - 9.6
*70°F, 29.92* Hg ¢

Data used in Tab1e a-1.



RESULTS FOR KILN STACK NO. 1

TABLE 1I

* 70°F, 29.92" Hg

Run Number 1 2 3
pate 2-26-T1 2-26-7 2-26-7}
Percent Eicess Air. 181 | 181-_ 181
percent Isokinetic 6.1 94.5 96.2
suasmwmm-sﬁwAw 55,031 54,413 52,018
Stack Flow Rate . ACFM wet 126,208 122,704 118,324
Volume of Dry Gas Sampled - SCF* 48.84 47.49 46.17
Feed Rate - toris/hr 40.3 40.3 40.3
‘particulates
Probe, Cyclone, & Filter Catch
mg 172 272 488
gr/SCF* dry .0.0542; 0.0882 0.163
gricF @ Stack_ﬁonditions 0.0236 0.039) 0.0715
1bs/hr 25.53 41.08 72.51
.1bs/tah féed 0.634 _1.009 1.799
Total Catch )
mg " 189 321 518
gr/SCF* dry - £ 0.0596 0.104 0.173
gr/CF @ Stack Conditions 0.0260 0.0461 0.0759
1bs/hr . ' 28.07 48.54 76.99
1bs/ton feed 0.696 1.204 1.910
% Impinger Catch 9.0 15.3 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, lijeras, New Mexico, EIB jest No. 71-MM-0Z2, U.S. En-
vironmental Protection Agency, Research Triangle Park, NC, April
1972.




Table 4

SUMMARY OF PARTICULATE DATA FOR HO. 2 FINISH MILL

* 70°F, 29.92" Hg

A-6

Run Number 1 (TRIAL) 2 3
Date 3-2-71 3-3-71 3-3-7
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 12z.28
Feed Rate - tons/hr Hot Measured 34.6 34.6
Particulates )
Probe, Cyclone, & Filter Catch
ng 39.2 24.7 35.0
gr/SCF* dry 0.0167 0.00461 0.00477
gr/CF @ Stack Conditions 0.0127 0.00354 0.00366
l1bs/hr. 0.699 0.208 0.208
Libs/ton feed == 0,00601 0.0060]
Total Catch
mg 74.6 51.0 51.2

gr/SCF* dry 0.0314 0.00677 0.06€&98.
gr/CF @ Stack Conditilons 0.0239 0.00520 0.00536

 1bs/hr 1.31 0.305 0.304

1bs/ton feed -- 0.00082 0.C0879

%Z Impinger Catch 46.8 32.0 3];5

Data used in Tabie 4-1.



'SUMMARY OF PARTICULATE DATA FOR ND. 2 FINISH MILL AIR SEPARATOR

. Table 5

2

* 70°F, 29.92" Hg

Run Number 1 7
Date 3-6-71 3-6-71
Percent Excess Air - -
Percent Isokinetic © 8.3 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* 77.56 73.95
Feed Rate - tons/hr 32.8 32.8
Particulates
Probe, Cyclone, & Filter Catch
mg 23.6 21.8
gr/SCF* dry -0.00468 0.00454
gr/CF @ Stack Conditions 0.00344 0.00333
lbs/hr. 0.569 .0.538
lbs/ton feed .- 0.0173 0.0164
Total Catch
mg 441 41.6

gr/SCF* dry 0.00876 0.00266
gr/CF @ Stack Conditions 0.00644 0.00536
1bs/hr 1.063 1.024

lbs/ton feed 0.0324 £.0312

% Impinger Catch 46.5 47.6 -

Data used in Table 4-1.




SUMHARY OF PARTICULATE DATA FOR RO. 2 FINISH MILL FEED-O-WEIGHT.

Table 6 .

* 70°F, 29.92" Hg

Run Number .. L z
Date 3-8-71 3-8-71
Percent Excess Air NA NA
Percent Isokinetic 106.2 103.5
Stack Flow Rate - SCFM* dry 10,517 10,587
Stack Flow Rate - ACFM wet 12,791 12,936
Volume of Dry Gas Sampled - SCF* 100.34 98.39
Feed Rate - tons/hr 28.7 ?8.7
Particulates .
Probe, Cyclone, & Filter Catch
mg 20.1 -18.8
gr /SCF* dry 0.00308 0.00224
gr/CF @ Stack Conditionms 0.00253 0.00240
‘1bs/hr. 0.273 0.265
1bs/ton feed 0.00953 - 0.00922
Total Catch
mg 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 6.0151

% Impinger Catch 40.4 39.5

Data used in Table 44].




_ Table 1
SUMMARY OF PARTICULATE DATA FDR HO., 2 RAY -n‘_z'ahILL

2

* 70°F, 29.92" Hg

Run Number L
Date 3-9-71 3-10-N
Percent Excess Air - —
Percent Isokinetic : 109.6 108.2
Stack Flow Rate - SCFM* dry : N77 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 Conditionms 0.0213 0.0261
1bs/hr. 0.855 _1.049
[}bs/ton feed 0.01861 0.0183
Total Catch I
mg _ 2011 213.5
gr/SCF* dry 0.0367 0.C415
gr/CF @ Stack Conditions 0.0248 0.0283 .
 1bs/br 0.998 1.140
1bs/ton feed 0.0188 0.0199
~ % Impinger Catch 14.2 7.9

Data used in Table 4-1.




Table 2
SUMMARY CF PARTICULATE DATA FOR NO..Z RAK-MILL AIR SEPARATOR

Run Number . i : 2
Date 3-11-71 | 3-11-7
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 - 62.1
Particulates
Probe, Cyclone, & Filter Catch :
mg 151.0 : 108.2
gr/SCF% dry 0.0278 0.0199
gr/CF @ Stack Conditions © 0.0183 P-0‘31
1bs/hr. 2.332: T %.644
libs/ton feed __0.0376 0,026
Total Catch
"8 163.7 121.2
gr/SCF* dry ' 0.0302 0.0224
gr/CF @ Stack Conditions 00198 0.0147
 1bs/hr 2.528 1.836
1bs/ton feed 0.0407 ' 0.029
# Impinger Catch ‘ 7.8 10.7

* 70°F, 29.92" Hg

A-10

Data used in Table 4-1.



Table 3

SUMMARY OF PARTICULATE DATA FOR HO. 2 RAY MILL FEED-O-KEIGHT

Run Number A 2
Date 3-5-71 3-5-7
Percent Excess Air - o ’
Percent Isokinetic 107.8 ']]0'9
Stack Flow Rate - SCFM* dry - 9646 9588
Stack Flow Rate - ACFM wet 12,250 12,256
Volume of Dry Gas Sampled - SCF* 89.47 91.51
Feed Rate - tomns/hr 62.7 62.7
Particulates
Probe, Cyclone, & Filter Catch
g 99.7 . 69.5
gr/SCF* dry 0.0172 :0.0?17
gr/CF @ Stack Conditions 0.0135 0.00914
1bs/hr. A 1.418 ! 0.959
[ibs/ton feed _0.0226 0.0153
Total Catch
mg 1123 81.6
gr/SCF* dry 0.0193 0.0137
gr/CF @ Stack Conditions 0.0152 0.0107
1bs/hr 1..892 - 1.122
lbs/ton feed 6.0254 -0.0179
% Impinger Catch 11 14.8

* 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
Cement Company, seattle, Washington, EIB lest No. 71-MM-03, U.S.
En;ironmenta] Protection Agency, Research Triangle Park, NC, March
1972.

A-12



TABLE 1

SUMMARY OF PARTICULATE DATA FOR CLINKER COOLER

* 70%F, 29.92" Hg
NA--Not Applicable.

A-13

. Run number 1 2 3
Date 3-18-71 3-19-71 3-19-N
Percent Excess Air NA NA NA
Percent Isokinetic 105.7 105.3 101.9
Stack Flow Rate-SCFM 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 - _ 0.0513 0.0571 0.0698
gr/CF @Stack Conditions 0.0453 0.0516 0.0628
1bs/hr 42.0 46.4 56.3
1bs/ton feed 0.406 0.452 0.536
Total Catch i
mg 374.3 400.6 462.7
gr/SCF* dry 0.0547 0.0592 0.0712
gr/CF @Stack Conditions 0.0483 0.0534 0.0641
Tbs/hr 44.8 48.2 57.4
1bs/ton feed 0.433 0.468 0.547
% Impinger Catch 6.22 3.49 2.03

Data used in Table 4-1.




SUMMARY OF PARTICULATE DATA FOR KILN STACK

TABLE 2

Run Number 1 2
‘Date 3-24-N 3-24-N
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 o 101.7 101.7
Particulates
Probe, Cyc]gne, & Filter Catch
mg 241 253.5
gr/SCF” dry 0.0935 0.1064
gr/CF @Stack Conditions 0.0350 0.0380
lbs/hr 85.9 94.0

- _1bs/ton feed 0.844 0,924
Total Catch _
mg 262 281.8’
gr/SCF” dry 0.1016 0.1183
gr/CF eStack Conditions 0.0380 0.0422
1bs/hr 93.4 104.4
ibs/ton feed ..0,918 1.027
% Impinger Catch 8.0] 10.04
* 70%, 29.92" Hg

A-14

Data used in Table 4-1.




Excerpts from

REFERENCE 12 (SECTION 4.0)

Emissions from Wet Process Cement Kiln.and Finish Mill Systems at
Tdeal Cement Company, CastTe Hayne, North Carolina, Ei8 Test No.
71-MM-04, U.5. Environmental Protection Agency, Research Triangle
Park, NC, March 1972.

A-15




SUrHARY OF PARTICULATE DATA FOR 10, 1

T BILL_ AP SEPARATOR STACK A

2

* 70°F, 29.92" Hg

A-16

Run Number 1 3
Date 4-13-N 4-14-1 4-14-N
Percent Excess Air C— —_— - —
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 - SCFX 56,931 60.857 54,777
Feed Rate - tons/hr 30.0 28.6 30.1
Particulates -
Probe, Cyclone, & Filter Catch o
'mg ' 1.8 22.9 21.4
gr/SCF* dry 0.00319 0.00579 0.00802
ar/CF @ Steck Conditions 0.00263 0.00488 0.00521 .
Tbs/hr. 0.391 0.729 0.737
1bs/ton feoed 0.0130 0.025% 0245
Total Catch
mg 241 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 0.79% 1.086 1.243
1bs/ton feed 0.0265 0.0380 0.0413
% Impinger catch 51.0 32.6 . 40.2

Data used in Table 4-1.



* 70°F, 29.92" Hg

46.9

- A=17

_SEPARATOR STACK B.
Run Number 1 2 -3
‘Date 4-13-71 4-14-71 4-14-71
Percent Excess Air —_ —_ —
Percant Isokinetic 90.7 94.6 95.4
Stuck Flow Rate - SCFi'* dry 11,700 11,664 11,727
Stack Flow Rate - ACFM vet 13,484 13,554 13,474
Voluze of Dry Gas Sampled - SCF¥ 74.277 77.276 75.106
- Feed Pate - tons/hr ' 30.9 8.6 30.1
Particulates |
Probe, Cvclone, & Filter Catch
mg 31.2 23.9 24.2
gr/SCF* dry 0.00647 0.00476 . 0.00496
gr/CF @ Stack Conditions 0.00561 0.00409 0.00431
bs/hr, 0.643 0.467 0.493 _
1bs/ton feed 0.0214 0.01€3 0,0164 ]
Total Catch
' mg 58.8 39.3 38.9
gr/SCF* dry 0.0122 1 0.00783 0.00798
gr/CF B Stack Condition 0.0106 0.00673 0.00693
1bs/hr ' : 1.217 0.781 0.797
1bs/ton feed 0.0406 0.0273 0.0265
% Impinger Catch 39.2 37.8

Data used in Table 4-1.




table

&HNWYan“THUL_iﬁ ez p0_1.
TURILCZGENEY _and DUST CTOR. .
Run Humber 1 2 3
Date 4-15-71 4-15-1 4-15-71
-Percent Excess-Air — — —
Percent Isokinetic 103.5 100.1 100.8
Stack Flow Rate - SCFM* dry 5853 087 - 5727
Stack Flow Rate - ACFM wet 6827. 7073 6739
Volume of Dry Gas Sampled - SCF¥ 65.059 65.470 61.995
Feed Rate - tons/hr. ) 31.) :30.7 31.7
Particulates _
Probe, Cyclone, & Filter Catch
mg 35.5 33.7 . 34.9

gr/SCF* dry 0.00840 0.00793 0.0CS67

gr/CF 2 Stack Conditions 0.00719 0.00681 0.00736

1bs/hr. 0.42) 0.408 0.424

1bs/ton feed 0.0135 0.0133 0,0134 |
Total Catch

‘mg 54.2 54.6 56.0

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

1bs/hr 0.638 0.669 0.682

1bs/ton feed 10.0205 0.0218 0.0215

% Impinger 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 Dragon Cement Company,
Northhampton, Pennsylvania, EIB Test No. 71-MM-05, U.5. Environ-
mental Protection Agency, Research Triangle Park, NC, March 1972.

A-19




* 70°F, 29.52* Hg

TABLE 1
. SUMMARY OF PARTICULATE DATA FOR_KILN smx
Run Number R ST R 2 3
Date . - - 4-29-71 " 4291 4-30-71
Percent Excess Air | . 32 22 . 466
Percent Isokinetic .- - . 95,3 . - 95.4 95.4 -
Stack Flow Rate - SCFM* dry L os1er | 50,683 . 50,013 . -
Stack Flow Rate - ACFM wet . 169,470 69,169 - 69,269 -
Volume of Dry Gas Samp!ed Sse Teegs '88.92 - 8779
'Feed Rate'- tons/hr - .- 48,03 - 45.75 42,93
Particulates .
Probe, Cyclone, & Filter Catch _
. mg | 55.6 34,2 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 C.0606 §"
| ;
Jotal Catch §
. mg 118.5 106.7 100.1 s
gr/SCF* dry 10.0203 0.0185 0.0176 S
gr/CF @ Stack Conditions .0.0150 0.0135 0.0127
1bs/hr | 8.907 8.002 7.502
1bs/ton feed - . 0202 0.175 : 0.175
% Impinger Catch g 53.1° 67.9 65.4



Excerpts from

REFERENCE 14 (SECTION 4.0)

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

1972.
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SUMMARY OF RESULTS FOR CLINFER.&UOLER .

TABLE T

2

Ruo Number 1 - 3
Qate 5-18-71 5-18-71 5-18-71
parcent Excess Alr NA A A
parcent Isokinetic 102.1 98.5 98.8
Stack Flow Pate - SCFIY dry - 104,057 100,432 102,165
Stack Flow Rate - ACFM wet 127,032 . 126,564 128,672
Yolume of Dry Gas Sampled - 'SCF 101.07 - 94,15 95.05
Feed Rate > tons/hr = ° 61.8 - 62.7 63.7
perticulatas ~ )
Probe, Cycinne, & Filter Catch -
ag n.s . 20.5 14.2
gr/SCF* dry . 0.00180 0.00335 0.00228
gr/CF @ Stack Conditiens 0.00147 0.00266 0.00180 |
1bs/hr, 1.561 2.812 1.941
[ibs/ton fead 0,0253 00428 0.0305 "1
Total Catch
ng 28.3 8.1 23.3
or/SCF* dry 0.00401 0.00623 0.00373
ar/CF @ Stack Conditicns 0.00328 0.00494 0.00295
1bs/hr : .3.538 5.323 3.289
1bs/ton fecd 0.0572 0.0849 0.0513
2 Impinaer Catch 55.1 46.2 - 39.1
* 70°F, 29.92" ig
NA - Mot Applicable
A=22

Data used in Table 4-1.



TABLE 2

SUMMARY OF RESULTS FOR FINISH MILL GRINDIHG SYSTEM

g Impinger Catch

* 70°F, 29.92" Mg
NA « Not Applicable

" A-23

Run Number . 2 3
Date :5-19-72 5+19-71 5-20-71
Parcent Excess Air NA ' NA NA
Parcent Isokinotic 109.0 102.9 98.9
Stack Flow Rate - SCFM* dry 26,360 26,252 26,244
tack Flow Rate - ACFH wet 35,185 35,679 35,780
Volume of Dry Gas Sampled - SCF 140.35 131.99 126.82
Feed PRate - tons/hr - 34.6 33.9 - 37.2
Particulates -
Proba, Cyclone, & Filter Catch
mg ' . 22.0 26.9 17.1 .
gr/SCF* dry 0.00241 0.00314 0.00208
gr/CF B Stack Conditions 0.00181 - ‘0.00231 0.00152
1bs/hr. 0.527 0.683 0.446
L1bs/ton feod 0.0152 0,0201 0.0120]
'I:cltal Catch .
mg 32.9 37.8 27.9
or/SCF* dry 0.00361 0.00441 0.00339
ar/CF @ Stack Conditions 0.00270 0.00324 0.00248
1bs/hr | 0.79 0.971 0.761
. 1bs/ton fead 0.0229 0.0237 0.0205
33.1 28.8 . 38.7

Data used in Table 4-1.




Excerpts from

REFERENCE 15 (SECTION 4.0)

Emissions from Wet Process Cement Kiln at Giant Porttand Cement,
HarTeyviile, South Carolina, ETB Test No. 71-MM-0/, U.S. Envi-
ronmental Protection Agency, Research Triangle Park, NC, 1972.
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) TABLE 1
Summary of Combined Particulate Emissions

-

Kiln fuel R  Matural Gas Mo, 6 Fuel 0il
Volume of Gas Sanpled - BSCF? . 488.76 “464.54
Percent Moisture by Volume _ Nn.a3 36.98
Average Steck Temperzture - °F 429. . 420,
Stack Voluretric Flow Rate - QSCFHb . 48,132 - 56,282

tazk Volunetric Fiow'Rate,-AC?Hc - 137,500 155,754
Percent Isokinetic - ' "96.8 1'90.,2
Percent Excess Air - +24.90° -26.48
Percent Opacity ' o 5-25 _ 5-25

Feed Rate - ton/hr 40.33 40.00

Particulates - rrote, cyclene,
and Tilter catch

1818.3 . .1375.9

mg
gr/DSCE 0.0524 0.0395
gr/ACF , .. 0.0185 A 0.0152
1b/ton foed - 0,536 ____0.513
Periiculatas - tctal catth, '
ng : . 3808.4 ' 2866.5
or/DSCF | | 0.117 - 0.6914
gr/ACF _ o 0.0408 . 0.350
1t/6r ' 48.6 45.8
. 1pfton Teed 1.2 1.14
Percent impingar caich 52.3 52.0

A-~25

Data used in Table 4-1.




Excerpts from

REFERENCE 16 (SECTION 4.0)

Emissions from Wet Process Cement Kiin at Oregon Portland Cement
Company, Lake Oswego, Oregon, EIB Test No. /1-MM-15, U.S. tnvi-
ro?mental Protection Agency, Research Triangle Park, NC, March
1972. :

A-26




TABLE I

SUMMARY' OF PARTICULATE TESTING

Run Number 4 - ‘6
Date 10-7,10-8-71 10-8-71 10-8-71
Percent Excess Air 33.0 34.3 34.3
Percent Isokinetic ]06.'7 101.2 101.6
Stack Flow Rate - SCFM* dry 46,976 54,699 55,577
Stack Flow Rate - ACFM wet 120,135 133v718- ]35:988
Volume of Dry Gas Sampled - SCF* 73.449 73-70_2 80.246
Feed Rate - tons/hr 82.1 57.0 . 58.0
Particulates )
Probe, Czclone, & Filter Catch 152.6 192.9 ]65-4
or /SCEX df_y 0.0319 0.0377 0.0317
gr/CF @ Stack Conditions 0.0125 0.0154 0.0129
Ibs/hr. 12.87 17.67 15.12
(s lron foed 0.247 0.309 0.26}
Total Catch _
ng : 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
1bs/hr 27.86 20.57 16,90
‘lbs/ton feed - 0.53% 0.361 0.291
% Impinger Catch : 53.8 14.0 10.8

* 70°F, 29.92" Hg

A-27

Data used in Table 4-1.




Excerpts from

REFERENCE 18 (SECTION 4.0)

Air Pollution Emission Test, Arizona Portland Cement, Rillito, Arizona,
tPA Project Report 74-3TN-1, U.S. Environmental Protection Agency,
Research Triangle Park, NC, June 1974.
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TABLE 2
SUMMARY OF TEST RESULTS
PRIMARY CRUSHER

2 Ory standard cubic feet at 70°F, 29.92 in. Hg.

b Dry standard cubic feet per minute at 70¢F, 22.92 in. Ha.

€ Actual cubic feet per oinute
d Calculated by averaging the concentration and area ratio results
& Impinger water erronecusly discarded

A-29

Data used in Table 4-1.

Run_Humber 1 2 3 4
Date 6-4-74 6-10-74 6-11-74 §-12-T4
Volume of Gas Sampled - OSCF 286,20 245.71 186.7¢  141.82
Percen® Hoisturs by Volume 2.4 2.5 3.0 3.3
Average Stack Teoperature - * : 79.0 a1.0 88.0 88.0
Stack Volumetric Flow Rate - DSCFHM 23,469 22,351 22,140 22,502
. Stack Volumetric Flow Rate - ACF: 27,198 26,430 26,653  27.142
Percent Isokinetic 114.3 109.1 104.7 104.3
Percent Exgess Air —— ——— —— R
Percent Qpacity 0 0 0 0
Feed:Rats - ton/hr 978.0 984.0 1028.0  1010.0
Particulatas - oroke,
and filter catch
g 66.06 75.13 61.13 £6.91
gr/0SCF 0.00355  0.00471 0.00504 0.00727
gr/ACE 0.00307 0.00398 0.00419 0.00602
15/hr 0.77¢ 0.90 0.96 1.40
[Een feed 100079 0.0g9al 00031 4.00133;
Particuiates - total catch
mg 72.61 e 72.34 77.2%
gr/0SCF 0.0039 e 0.00597  0.00839
gr/ACF 0.00337 e 0.00495  0.00695
1b/hr 0.85¢ e 1.13 1.62
i1b/ton Feed 0.00087 e 0.00110 ¢.00180
Percent impinger catch 9.0 e 15.8 13.4




TABLE 3
SUMMARY QF TEST RESULTS
PRIMARY SCREEN

Run ilusber 1 z k| 4

Date : 6-4-74  6-10-74 6-11-74 6-12-7
Volume of Gas Sampled - DSCF2 328.07  331.80  257.8)  195.63
Percent Moisture by Volume ) 1.7 1.4 2.1 2.5
Aversge Stack Temperature - °F 82.0 90.0 30.0 94.0
Stack Volumetric Flcw Rate - DSCFHb 13,5636 13,388 13,246 13,196
Stack Volumetric Flow Rate - ACFKC 15,682 15,797 15,771 15,866
Percent Isokinetic : 6.8 153 1.8 113.8
Percent Excess Afr ., wam -— ‘—— -

Percent Opacity : 0 0 0 s

Feed Rate - ton/hr 967.0 965.0 1023.0 . 1056.0

perticulates - prote,
2nd filter catch

mg - 27.82 .94 .51 28,34
gr/38CF - 0.00131 0.00176 0.00188 0.00222 -~
gr/ACE 0.00113 0.00145 0.001S8 0.0018¢
18/mr 3 _ 0% 0228 . 023? e =
Llilagn faod 00018 2.00023  0.30922 _ 9.0002¢ !"::
Particuiates - total cateh’ ;
2
mg 30.38 e 39.22  40.m S
gr/0SCF ' 0.00143 e 0.00235 0.0031¢
gr/ACF 9.00124 e 0.00197  0.0026%
1/hr 0.19¢ e 0.299  0.39¢
1b/ton feed 0.00020 e 0.00028  0.00037
Percent impinger catch 8.4 e 19.8 29.3

3 Dry standard cubic feet at 70°F, 29.92 in. Hg.

B bry standard cubie feet per minute at 70°F, 29.92 in. Hg.

€ pctual cubic feet per minute

d Calculated by averaging the concentration and area ratfo results

e Impinger water erroneously discarded
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TABLE 4
SUMMARY OF TEST RESULTS

Run liumber

PRIMARY TRANSFER CONVEYOR

1 2 3
Date 6-10-74 6-11-74 6-12-7¢
Volure of Gas Sampled - pscrd 273.32 223.12 231.50
Percent loisture by Volume 2.4 2.4 2.3
Averzge Stack Temperature - °F 98.0 101.0 97.0
Stack Volumetric Flow Rate - DSCFH® 1,900. 1,902. 2,003
Stack Volumetric Flow Rate - ACFHC 2,303. 2,313, 2,422
Percent Isokinetic ' 105.9 107.9 106.3
Percent Excess Air —=- -——— -——
Percent Opacity 0 0 0
Feed Rats - ton/hr 909.0 914.0 873.0
Particulates - nrobe,
and Tilter catch

.mg 16.83 23.54 31.14
gr/DSCF 0.00095 0.00162 0.00207
gr/ACF 0.00078 0.00134 0.00171
18/hr 0.02 0.03 0.04

Lislion feed 0.00002  0,00003
Particulates - total catech

rg ) d 27.59 38.93
gr/0SCF d 0.00190 0.00259
gr/ACF d 0.00156 0.00214
1b/kr d 0.03 0.04
1b/ton feed d 0.00003  0.00005
Percent impinger catch ' d 14.7 20.0

2 Pry standard cubic feet at 70°F, 29.92 in. Hg.

b Dry standard cubic feet per_minute at 7C0°F, 29.92 in. Ha.

C Actua) cubic feet per minute

d Inpinger water erroneously discarded

A=-31
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TABLE 5
SUMNARY QF TEST RESULTS
SECOMDARY SCREEN AND CRUSHER

Run Mumter 1 2
Date 6-6-74 6-7-74 6-3-74
Yolume of Gas Sampled - pscrd - 201.05 -173.87 216.14
Percent llioisture by Volume - 2.3 2.2 2.1
Average Stack Temperature - °F- - 81.0 77.0 80.0
Stack Volumetric Flow Rate - DSCF® 9,277.  8,711. 9,65,
Stack Volumetric Flow Rate - ACFHC _ 10,579. 9_971_ 11,045,
Percent Isokinetic 102.2 99.8 - 105.6
Percent Excess Afr . --- - .-
Percent Opacity : ' - 0’ 0 0
Feed Rate - ton/hr _ 170.0 162.0 152.0
Particulates - nrote,

and filter catch
mg - 4.89 8.44 10.44
gr/0SCF 0.00036 0.00075 - 0.00074
gr/iCF . 0.00031 0.00065 0.00065
1b/hr 0.03 0.06 0.06
1t/ton feed 0.00017 0.00034 __ 0.0004]
Particulates - total catch
mg ' 6.12 12.25 d
gr/DSCF 0.00047 0.00109 d
gr/AQF | 0.00041 0.00095 d
1b/hr ’ 0.04 0.08 d
1b/ton Teed . ~0.00022 0.00050 d
Percent impinger caich. ' 23.4 311 d

a Ory standard cubic feat at 70°F; 29.92 in. Hg.
b Dry standard cubhic feet per minute at 70°F, 29.92 in. He.

¢ 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 2207, U.S. Environmental Pro%ect1on Agency, Washington,

D.C., October 1975.
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Data used in Table 4-2. .
P \ . . .

FPEIB TEST GERIEB NO| 00080 . GTREAW WO! 01  FVEST ID WOI 2 BAHPLE NOI 04 " eaeEr - 20
Py . GERIED FORM C7  DATE 08/23/43

P‘R'lll:lfﬁ BIZE TABLE~==r===r~

‘BTAGE # , 1 2 3 s 5 s ? s )
" DpSO(NICRONB) 11,49 .11 4,59 2,70 1,88 82 .40 223 Rt E
T WICROGRANG/ONCH7B TAOE Z.956+07  7.00€408 A.75E404 T.74€404 T1.43E404 ¥.37E405 A4.11E403 7.206405 3.49E403

NURBER/DHEN/ ST ABE ALB2E411 6.0FE412 1.34E413  6,33E413  1,00E414 2. BAEHI4  5,844E€414 7.9S5E415  7.13E414
. .CUM. INABSCDSO ' .

ROGRANS 0 0 0

TTTGEQW D30 _ 3.3TELOL . 9.4SEH00 & 10E+00 3.52E+00 2. 24100 1. J4EH00 B+ L2E-01 4+12E-0% §.80E~01 .
DH/DLOGD-{UB/DHH3) 2.71E407 A.93E407 3.92E407 1.43E407 1.02E407 3.31E406 2.44E+06 1.46E404 2.00E405
DN-LOGD/ {NUNBER/DNH3) S.03E411 A.O3E13 8.21E013 2.73E414 4.63EH14 1,00E415 3.68E415 1.74E414 2.51E417

T
2
P~




ce-v

FPEIS TEST SERIES NO! 00080  STREAM NO:
PARTICLE SIZE TABLE----~---=-
STAGE # 1
50 (MICRONS) 11.49
HICROGRANS/DNCH/STAGE 2.17E404
NUMEER/DNCM/STAGE 4.10E410
CUM. ZMASS<DSO
H4USO 2.75E4+06

GEOM D30 3.39E+0L
DH/DLOGD-(UG/DNHI) 2,31E406
DN-LOGD/ (HNUNBER/DNM3) 4.34E+10

————— e —

[+3 1 TEST ID NO: 2 SAMFLE NO! 02 .
SERIES FORM C7
2 3 4 ) -] 7 B 9
8.11 4.59 220 1.8& 1927 168 Prds] A3
LO3E405 4.155405% S.00E4+05 3.64E405 2.41E405  2,41E40S  2,.02E+05 3. 44E400
3.45E+11 1,34E+412 B.45E+412 2,38E413  7.91E+13  3.30E+14  2.12E+415 4.31E+14
2.33E+06 1.91E4046 1.41E406 1.05E404 7,87€405 S5.44E+05  2.44E405  0,.00E400
?.45E+00 4.10E4+00 3.52E400 SIJE- LE- . =
2.80E406 1.4BE404 2.1BE+404 2.25E+04 9.2IEH05 T1.5EE+046  4.65E405  1,21E406
2,28E+412 S.43E+12 3J.47EH1T 1.47E+14  2.80E+14 2, 14E415  4,B7E+15  1.52E+17

Pata used in Table 4-2.




'FFEIS TEST SERIES NO! 00080

PARTICLE SIZE TABLE~=no-=-uw

STAGE ¢

NS)
HICROGRAMS/DNCM/STAGE
HUMEBER/DNCH/STAGE
CUM, %ZMASS<DS0
CUM. MICROGRAMS/DNCHLDSO

STREAM WO: 0t

TEST ID HO!

SAMPLE ND: 01

SERIES FORM C?

GEOM DS0O
DM/ DLOGD-(UB/DNKHI )
IN-LOGD/ (NUMBER/DNH3)}

9¢-V

1 2 3 4 5 é 7 g8 9

10,B0 7.62 4,30 2.54 1.75 21 Yy .24 212
2.47E4+07 7.B9E+04 3,17E406 2,18E+06 1,26E+04 1.03E+08 &,.61E405 3.07E405 2.97E405
5.12E411  7.76E4+12 1,23E+413 4,41E413 9.8BE+13  3,.74E+14 1,09E+1%5 3. 75E+15 4.46E414
1.68E+07 B.90E+08 5.73E+06 3,55E406 2 2
3.2BE+01 9.07E100 S.74E+00 3,.31E400 2.11E400 1.286E400 7.636-01 3.92E-01 1.70E~01
2,56E407 S.,21E407 1.29E407 9.45E404 7.79E406 B.ETIE4OE 4,32E308 7.21E405 V.BYEH0S
S.30E+11 S5.13E+13 S.00E+13 1,91E+14 6.10E+14 1.336415 7.156+15 B.79E+15 1.48E+17

Data used in Table 4-2.



FPEIS TEST SERIES NO: 00080 STREAM NO?! O1 TEST ID NO: 3 SANFLE NO: 02
: SERIES FORM C7
FARTICLE SIZE TABLE---=-----
STHGE & - 1 2 3 4 S [ 7 B 9
DSO(HICRONS) 11,223 7.92 4.50 2.465 1.83 225 157 g «13
HICKOGRAMS/DNCH/STAGE 1,71E407 3.94E404 2.I1E4046 S.74E+05 9.71E405 &.90E409 J.17E405 1,.43E+05 2.4PE+0S
NUMBER/DINCM/STAGE 3.34E+11  3.44E412 T7.96E+12 1.20E413 A4.6BE41T 2.21E414 4.59E4+14 1,.84E+15 . 3,.1BE+14

CUM, %MASS<DS0 P )
CUH, MICROGRAMS/DNCM<DSO 9. 33E4+046 S.39E+06 3I.08E408 2.41E406 1.44E+04  7,.4BE40Q0 4.31E405 2, 49E107 O.Q0EL0D
?-44E400 5S.97E4+00 3J.45EY+00 2.20E+00 1.32E400 7.98E-01 4,17E-01 1.84E-01

3.35E+01

GEOH D50
DM/ DLOGD-(UG/DNNI) 1.80E407
ON-LOGD/ {NUMBER/DNH3) J.52E+11

LE=V

2,09E406 3.94E405S
3.98BE+1S

2.,42E406
7.77E+414

5.04E+04
4,15E+14

2,93E104
5.23E+13

?.I9E+08
J.2IE+13

2.61E407

2.2BE+13 I.02E+15

Data used in Table 4~2,

B.74E405
1.08E417




BE~v

STREAM NO! 01

FFEIS TEST SERIES NOD! 00080 TEST ID NO: I ' SANPLE NO! 03
SERIES FORM C7
FARTICLE SIZE TABLE-—-~=-----
STAGE & 1 2 3 4 5 & 7 8 ?
PIO(MICRONS ) 10,82 L5 4,331 2.53 1.7& 71 465 224 +10
MICROGRAMS/DNCH/STAGE 4,15E4+07 3.4BE+046 2.27E404 JLA0E404  1.086FE+046 1.10E+06 46.8B8E4+05 3. 9IE405  5.93IE405
NUKMRBRER/TINCM/STAGE 8.39E+11 3.39E+412 B.75E412 4,.BI1E41T B.19E413 3I.99E414 1.11E+15 4, 49E+15  1,.3I7E+17
CUH. ZHASS<DSO ’ ) .
CUn, WICROGRAMS/DHNCHLDSO 1.31E407 9. 40E4+04 7.33E4046 I.9IEH05 2,87E406 1.77E+06 1.0%E+06 4,FIE405  0,00E400
GEOM DZO 3.29E4+01 P.10E+02 S5.74E+00 3I.32E+00 2.12E+00 1.27E+00 7.4FE-01 3J.95E-01 1,.55E-01
HH/DLOGH-(UG/DNHI) 4.31E407 2.31E407 9.18E+04 1.48BE+07 4.5BE40&6 2Z.BAE406 A.69E4086 9.08E40D0 1,82E+04
DN-LOGD/ (NUNMBER/DNMI) 8.90€+11 2.25E+13 3.54E+13  2,96E+14  5,09E+14  1.39E+15 7.58E4+15 1.08E+16 J.E60E+17

Data used in Table 4-2.



FPEIS TEST SERIES NO! 00080

STREAM NOD!

PARTICLE SIZE YABLE---—-===--

6e-v

STAGE % 1
DSO{MICRONS) 11,33
MICROGRAMS/NNCH/STAGE J.20E+07
NUMNRER/T'tNCM/STAGE 6.17E+11
CUM. ZMASS<DS50

CUM. MICRDGRAMS/DNCHMLNSO 1.31E407

[NV ’

BH/DLOGD- (UG/DNM3) I.3FE407
DN~ OGDH/ (NUMBER/DNM3) &.53E+11

TEST ID NO: 3 SAMFLE NO! 04

B.00 4.54 2.47 1.84
2,10E406 4.84E408  2.7iE+06 7 L.47E405
1.82E412 1.463E+413 4.72E+13 S5,.17E+13

1,09E407 &.04E+0&6 3,35E+0& 2,.5BE+04
v +ABEHQO  2,22E+400

1.42E407 1.98E407 1.1BE+07 4.74E404
1.21E+13  &6.463E4+13 2,05E+14  3.20E+14

Data used in Table 4-2.

SERIES FORM C7

: 26 £ 68 s 2 13

?.44E405 4.57E405 J.71E+05  4.07E4035
2.95€E414 9.15E+1a  Z.47E4H1S  7.18E+14

1,63E406 9.7BE405  &£,07E405,  0.00E+00°
1.33£400 8.08E-01 +20E-01 1.B4E-01
J.34E4+046 4.IPE4046 B.BFEH0S 2.02E404
1.05E+15 4.11E415 8.7B8E+15 2,.38E+17




oy-v

Data used in Table 4-2.

FFEIS TEST BERIES NO: 00080 - STREAM ND: 01 TEST II NO? 4 SAHFLE NO! 01
' SERIES FORM C?
PARTICLE SIZE TABLE--------
STAGE & 1 2 3 4 5 6 7 ] 9
DT0 (MICKONS) 10.82 7:63 4,32 2,54 1.75 , 71 L4 224 A2
HICROGRANS/DNCH/STAGE 2.19E+06 2,11E405 A4,74E405 A.55E405 A4.S1E+05 2,78E405 3.44E405 2.3ZE4+05 6. 17E+05
NUMEER/DNCH/STABE 4.S3E410 2.07E411 1.BAEH12 9.42E+412 3,.S4E+13  1.02E414 S.72E414 2,84E415  9.27E416
CUHM. XMASS<DS0 ’ '
CLM MICERGE % o o] hed < <
GEGH DSO 3.29E401 9.,09E400 5.74E4+00 3.31E4+00 2,11E400 1.R28E+00 7.63E-01 3,92E-01 1.70€-01
DH/DLOGD-(UG/DNMI) 2,27E+06 1.39E4058 1.92E406 2.02E+06 2,.79E+06 9.79E405 2.24E404 S.47E405 2,05E404
DN-LOGD/ (NUMBER/DNN3} 4.89E410 1.34E412 7.45SE412 4.08E+413 2.18E414 3.58E+14 3,74E415 4.67E+15 3.0BE+17




FPEIS TEST SERIES NO:! 00080 STREAM NO: TEST ID NOD: 4 SAMFLE NO3 02
SERIES FORM C7
PARTICLE SIZE TABLE---——-----
STAGE & 1 2 3 4 3 [ 7 8 9
DNSO(MICRONS) 11.48 B.11 4,59 2:79 1.87 122 169 P 213
HICRDGRAMS/DNCHM/STAGE 2,7LE407 2.59E+04 4.2S5E+04 1.24E404 5.50E405 A.S7E405 2.37£+05  2.42E+405  4.23E405
NUMEER/INCM/STAGE S,1ZE+11  2L.12E412  1,37E¥413 2,09E413  3.GU8E412  1.37E+14 3I,1BE+14  2,69E+415 5.3J0E+14
CUH. %AMASS<DGO
CUM. MICROGRAMS/DNCHMADSO 1,00E407 2,47E404 I . 17E408 1,93F404 {,IRE$406 9.20F305 A BUEI00 4,233 Q5 0. Q0E400
GEOM DGTOQ - 3.3IPE401 9.85E4+00 4.10E400 3.52E4+00 2,25E+00 1.3S5E+00 8.19E-0L  4,15E-0t 1.80E-01
DM/OLOGH-(UG/DNMI) 2,88E407 1.72E+407 1.72E407 S5.3BE+Q6 IT.ADEH06 1.60E4+04 1.50E406 S.F74LH05  1,.49E406
IN-LOGO/ (NUMERER/DNNK3) S.45E4¢11 1. 40E413  S.H4EH+13 9,04E413  2,2IE+14  4.82E+14 2,1SEH1T 6.09E+15  1,.87E+417

1=V

Data used in Table 4-2.




FFEIS TEST SERIES NO: 00080 STREAM NO: TEST ID NO: 4 SAMFLE NOD3: 03
SERIES FOURM C7
PARTICLE SIZE TABLE---------
STAGE # 1 2 3 4 ] é 7 8 ¢
DOO(HICKONS ) 10.87 2:47 4,34, Ay 1:.76 222 - s + 13
MICROGRAMS/DNCM/STAGE 3.03E+07 A,02E+06 4.37EH06 3.03EH0S +23E+05 4.7BE+0S5 I.S51E4+05 4,285Et05  7.23IEH0S
NUHBER/DONCH/STAGE 1,02E412 S.B1EH12 1.47E+412 4.09E+413 3J.59E+13 1.70E+14 S.5BE+14 4.77E415 9.046E+16
CUM. XZMASS<DSO . :
CUM. MICROGRAMS/DNCH<DSO 1,61E407 1.01E407 5.73E404 2,70E404 1.9BE+0&6 1,50E406 1.15E+40 3
a0 3.30E+0T 9.13E+00 5.77E4#00 3I.3IIE+0C 2,.12€400 1.27E+400 7.73E-0! 4.03E-01 1.80E-01
DH/DLOGD- (UG/DNHT) S.22E407 J.9BE+07 1.77E4+07 1.31E+07 A4.4FE+D08 1.70E40&4 2.33E406 1.02E404 2,550FE404
1.07E+12 3J.84E4+13 4.76E+13 2.42E+14  I.47E+14 &£.05E+14  J.70E+LS 1, 13E+1ée 3.19E+17

DN-LOGD/ (NUMBER/IINM3)

A/t 4

Data used in Table 4-2.



FFEIS TEST SERIES HO: 00080 STREAM ND: 01 TEST 1D NO: ] SAMFLE NOD! 04
SERIES FORM C7

FARTICLE SIZE TABRLE-----=-+-~

STAGE ¢ ) 1 2 -2 4 S [ 7 B ?

D30LHICRONS) 11,54 B.15 4,62 2,72 1.9 . .98 69 ] '
FICROGRARS/TNCH/STAGE 4.467E407  JLABE+HCT  T.PNE4QGS PLLTE405 1L.I2E404 1LOSE404 4.2BE405S 1.80E405 J.SPE+0S
NUMEBER/INCH/STAGE 8,75E411  2,94E+11 1.BYE41T 1.59E+12 7.75E413 3.0BE+14 S.65E+14  1.BSE41S  4.S0E+1¢

CUM. XMASS<DTO

CuUM, MICROGRAMS/UNCHZDSO 1.05E407 1,92E1QZ A,30E406 3.24E106 2.02E406 - 9.467E40D  J.3FEY0S  IL.V9E405 0.00E400

GEOH DSO 3.40E401  9,70E+00 &.14E400 3.54E400 2.26E+00 1,.35E+400 8.22E-01 4.1%E-01 1.80E-01
IM/7DLOGD- UG/ DNNT) 4,98BE+07  2.44E404 2,41E407 4,20E406 7.51E4046 IZ.71EY04  2.BI1E+04  4.Q0BE40S  1.24E404
IN-LOGL/ (NUMBER/DNM3) ?.39E4+1 1.98E+12 7.87E$13  4.93E+13  4,8JE+14  L.09E+1S S.71E+HLS 4.19E+1S  1.58E+417

Evy=v

Data used 1n Table 4-2,




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 )
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A11 data used in calculations for data in Tables 4-3 and 4-4.

" Data

Production
Tons/Day

APPENDIX B
PLANT PRODUCTION DATA

8/2% 8/26 8/27 2/28
742 533 961 1031
*Single kiln

A-51

8/29

1064

11/4

1063

11/5

995




Excerpts from

REFERENCE 24 (SECTION 4.0)

Hurst, W. W., Particulate Emissions Testing, Greencastle Plant,
Lone Star Industries, Houston, TX, July 19/7.
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TABLE 1

GREERCASTLE STACK EMISSIONS SURVEY

PARTICULATE EMISSION RATE

1977
Exhaust Gas
Bun No.  Date (1977).  Temp. Volume
°F ACFM
Normal Operation:
1 5-8 332 239,200
3 5-9 3% 249,100
§-10 334 240,700
Ave, 243,000
Operation Following Precipitator Upgrading:
2l 4 - 20 30 132,900
23 6 - 21 316 239,200
25 6 - 22 307 236,700
Ave, 235,500

Particulate Emission Rate

Grains/ los/SCF -6 1bs/ Ton/
SCF Drv Dry x 10 hr. Day
.020 2.87 21.05  0.25
,D58 8.29 56.24 0.68
.009 1.31 8.82 0.11
28.70 0.33
. 043 6.16 42.24 0.51
.032 4.65 3q.93 0.37
.042 6.00 41.90 0.50
38.37 0.46

Thesé data mentioned in Section 4.1.5 and used for caleulations in Appendix E.
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TABLE 1I-

GREENCASTLE PMISSTON SURVEY

PRECIPTTATOR PERFORMANCE

Exhaust Gas

Insufflation Precip. Precip.
Rate Input Cuzput
Run No. T/Hr ACTH ACTY
ﬁormal Insufflation Rate:
9, 10 238,300 216,800
- e
11, 12 234,300 222,200
13, 4 228,800  ° 219,900
Ave,
Elevated Insufflation Rate:
15, 16 12 231,800 214,900
17, 18 12 224,100 215,100
19, 20 12 228,100 216,400
Ave.

These data mentioned in Section 4.1.5 and used for

A-54

Dust Load
Precip. Precip. Preeip.
© Input- Outpug . Efiiciencr
T/Re T/Hr 4
4.90 .007 99.8
5.01 .0Lé 99.7
5.17 .031 99.4
.017 99.6
5.10 .007 99,8
4.99 .021 99.6
£.72 L0258 99.53
C Tez7 .018 99.6

calculations fn Appendix 0.



TABLE III

GREENCASTLE  EMISSION SURVEY

PROCESS RATES, CONSINMIPTION AND PRODUCTION

Type of Fuel Rate Kiln 2 Slurry Clinker | Dust
Run No. Date (1977) Fuel T/Hr Feed Water Produced Disposed

T/Hr T/Br T/Hr

1 8 Coal 18.5 135 31.1 81 .146
3 9 Coal 18.0 135 33.3 79 .146
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
13, 14 5 - 21 Coal 15.75 125 33.5 76 1146
15,16 5 - 22 Coal 16.0 125 33.1 76 .146
17, 18 5 - 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 '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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Le~-v

NAZARETH, PENNA PLANT

CONSOLIDATED SUMMARY - PARTICULATE EMISSIONS
PERIOD OF OCTOBER 6 thru OCTOBER 15, 1977

PARTICULATE EMISSION RATE

TEST
LOCATION 1bs/Hr. gr/sCF
Prohe Impinger Total : Total
Catch Catch Catch Catch
NORTH STACK
No., 2 Kiln
No. 3 Hiln
SOUTH STACK
No. & Kilm
No. 5 Kiln
PLANT TOTAL 23.4 38.3 61.7 0,032
These  data

KILN FEED RATE O0AL RATE VOLUME TEMP

T/ ACFM - Deg.F,

T/

S 213,400 365
165,300 373
378,700 369

W. ¥, Hurat 1/13/78

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

ISOKINETIC

Z

89,5

95.8

92,6




=11=

TABLE 2
NAZARETH STACK EMISSION SURVEY
PROCESS RATES, CONSUMPTION AND PRODUCTION

1977
) . Precip.&
_Coal * . Kiln Clinker {Clinker Multiclone
. Kiln Fuel Rate Feed Produced Dust Dust
Run No, Date No, T/Hx T/Hr ' T/Hr T/Hr
PA/6  10-6 L4 3.1 27.6 —— _—
: 5 3.1 27.3 - I
PA/7 10-7 b4 _ 3e3 29,9 0.2 0.2
5 3e3 27.5 0.2 0,2
PA/IS 10-15 Ll- 3.’-[* 28.3 — -
5 3.2 26,8 ——— ——
Ave, Kiln # & . 28,6
Ave, Kiln # 5 o2 742
PA/10 10-10 2 bo2 20,0 17.4 0.1 ———
3 4,6 22,9 19. 0.2  ee-
PA/1 10-11 2 Lot 29.3 L0 0.1 2.0
3 4,0 30.5 7 0.2 1.0
~PAN2 1012 2 4,0 30,1 17.0 | 0.1 2.2
3 3.9 - 32.5 18.9 0.2 1.1
Ave, Kiln # 2 1 9.8 17.3
Ave, Kiln # 3 L2 2.0 | - 18,6

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

*Coal Mill Feed Moisture (Ave,) for PA/6,7,15 was 5,0%

U " " " for PA/10,11,12 was ?7,0%
A-58 ’ ’ T




Excerpts from

REFERENCE 26A (SECTION 4.0)

Hunter, S. C.,. et al., Application of Combustion Modifications to
Industrial Combustion Equipment, EPA-b00/7-79-015a (NTIS PE 294
214), U.S. 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 measura the total natural gas demand. Aside from
saeveral space heaters, this demand represents tha natural gas
flow to the kiln. ({These space heaters were not in service
during the test period.) The natural gas flow is manually
set by the operator based prrimarily on his visual observation
of clinker brightness and quality (e.g., siza, adhacenca to
the kiln wall, etc.) in tha burning zone. .a such, the
operator is manually compensating for changes in feed rate,
feed moisturae content, atc. '

Tabla 4~21 preéents the trace spécia.sample train data and process
wveights. The following sections discuss each tes:t. The total particulate
weight for Tests 9-3 and 9-4 (upstream) of 7307 and 5548 rg/J, respectively,
are scmewhat lower than the Mathod 5. result of 9000-9800 ng/J. '

Precipitator Inlet Test Conditions=-—

Test 93 was tﬁ ba términated when two filters had been pluggec.
After 75 minutes elapsed time, the vacuum pump inlet pressura limit, 76 kPa
(22.5 in. HgVac) had been reached, An examination of the )| um cyclone cup
revealed that it, and not the filtar, had plugged the syatem, The test was
terninated based on this condition. fhe largest nozzle size available

{13.1 mm, 3/4 in?h) was not large enough to produce the nominal cyclone flow
rate due to 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 pericd (75 min.).
Combustion air_éreheat is accomplished by passing the air through the hot

Data used in Table 4-9.

¢linker discharged irom the kiln. Thus, combustion air temperatuxe'entering
the kiln will increase as the clinker temperature increases, and vice versa.

This is borwe out by the chsarved 2.1l% increase in combustion air
temperature,

Test 9«4, a répeat of Test.9-3, was also terminated at 75 minutes

¢lapsed time by a plugged 1 pm cyclone. The gas moisture content for this

test wag significantly higher than the previous day's test (44.7% versus
34,3y,

This effect caused a more mariied departure from isokinetic sampling
{119.3% versuys g6.8w).
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TABLE 4-21. TRACE SPECIES AND ORGANICS SAMPLING CONDITIONS
LOCATION 9 = ROTARY CEMENT KILN

- L __}
b~ Y P fam Ma. S [ ] 7 [ ]
Tast Mumber 93 >4 9=5 2
Data (1976) /29 9310 10/4 10/3
Fort location ESP ialet ESP inlat £3? outlet RSP outlet
Velocity, w/s(2/s) $.17 {16.55) | 5.06 (16.60) [17.48 (57.3%) |17.41 (s7.10)
stack Plow, aml/e (10° s }20.3 w26 | 19.0 ceoun 212 een 137 esm
Stack Temp. K (1) 413 (331 435 (39%) a1l (289 w8 (270
Congua  Conteat, § 4.2 2.1 6.8 6.6
Moiscurs , & . “w.74 37.5% 0.2
Sasple Tire, mia. s s w0 - 300
Cyclone Plow, axciem (awcfm) 0.102 (3.591}{ 0.097 (3.43%) |0.087(3.067) |0.087 (3.078}
Isokinetic Rata, &' 96.8 1183 10s.5 104.5
Oven Temg., X (°F} 478 (400} 478 {400) 478 (400)  |e78 (400)
XAD2 Tep.. K (°7) 303 (65) 297 (19 299 (1N 294 (69)
Matar Tesp., X (°P) uL (oo} n9 wis 109 (37 U0 9N
Nozle Size, mm {in.) 19.08 {0.75) | 19.05 (0.75) [9.53 {0.378) |9.53 {0.37%)
Ho. of Filters Used . 1 1 1 1
Sample Fiow, 4ry, scam (scfa) 0.0342(2.362) | 0.0186 (1.36300.0351 (1.2384]0.0345(1.2188)
Volyme Collestad, dry, scm (scf)|2.937 (103.643] 2.897 (102.23) [10.529 (371.5710.389 (365.55)
Particulate Cateh, § €3.7730 34,17 0.6122 0.79319
Concentration, ¢/dma’ 1.7 1868 90561 0.0766
Total Particulstes, ng/3(1b/te) | 7307 (17.0) | $848 (12.9)  (22.7 to.0s3s  |29.47 (0.069)
Enie Condietonss
Tast Time. ~'n 7% 15 116.8 114 2

N -
t. Gas scaill” sgtl
Dry Peed, . _. 1)
SlurTy reed, 10% g (103 1)
Slurry Molsture, % waight

7.341 (258.%)
76.64 {169.6)
119.0 (161.8}
5.6

3,718 {102.7)

1.7%4 (IN.8)
70.61 (155.4)
108.6 (229.1)
15.0

42.18 (92.89

Ciiskee, 106 g {107 ih)
Frecipltator iy 16%g (ic3in)

2.131 {A-688)

2.131 {4.6488)

27.80 {371
2193.7 (646.9)
462,5 (101L7.4)
36.5
175,

e T —
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(3&.46 (1004.1}
.2 (T8}
517.3 (11108.0)
8.4

9.375 (20.6)_)__19.175 {20.63)

bt esm—
e —————————————]

Data used in Table 4-9,
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TRACT SPICIES AND OPGANICS TEST
SAMPLE
Reywep £)28/T1

Test No. -5 Date bz'ﬁhg location & wr L
suple port Position et O ESP
No SeMe Ou Turss SaimeEs:

talnar Container Bat
i wt/vol. | Commeant

E Mubet " Saxple Description mﬂ
oo 1€ Danls 104 S Aoe N o.m!% Dhyig 1y 4501
d=s L Do » AL O AT 3240 —

4 _an.h,“ et I f

R S

ro
&
[n

%

;
f

Data used in calculations for data in Téb]e 4-9,
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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. §. Envirommental Protection Agency, Research
Triangle Park, NC, February 1979.
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‘

LOCATION NO. 3

CONTRCL ROOM DATA SHEET

A-68

DATE 56~ 76 - '
TEST NO. 3-2 5 TIME /57
Mater _
.Parameter Dnits  lLegend Meter No. Reading
1. Coke Rate tons/hr “Coal Mill  H3-K2-BSl 5.7
. _ Feed Rate"” .
2. Cyclone Tempering
Air Temp. °F s10 F
3. Coal Mill Outlet
F-4
Temp. /5 7 °F
4. Coal Mill Inlet 300
Temp. f
.5. Coal Mill Motor Amp 2y
6. Coal Mill Inlet oo
) Pressure ) /- q
7. Coal Mill Outlet 5.6 ..
: Pressure
8. Coal Mill Fan
Inlet Damper 4
9. Fan Amps 12
10. Fan Damper Position H5~2-D01~POSR 3
11. Kiln Exit O, . H3-20R l) = )4
12. Klin Feeder Speed RPM £ 0o
13. Xiln Speed RPH 74
14. Max. Xiln Shell
Temp. o 5 80
15. Cooler Undergrate '
Air Temp . /28
16. Cooler Undergrate -' ot
Air Pressure [
17. Material Temp H3~-2-TSM #530
18. Gas Fuel Rate SCFH 7).
_ (70°F). .
19. Clinker Rate tons/hr “Clinker H2-2-BSI-INT 53
Belt Scale
_Into
20. Feed Rate tons/hr (From Operator) ~58
2/ BAGHOVSE WLET TEMF °F s5e

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



EP-47 XEYED CALCULATION SHEET® -
PARTICULATE EMISSION CALCULATIONS

Test wo._3-Z__ bate_S:-6-To tocstion Day CoumrKust'  mogr. WIAC
mit . MY -2 res_Cogeisg sempling Train and nethod _ Merip S

Pitot Pactor, ra__ 83 Barometric Pressure, P, . 2896 . Ny

Tot. Liquid Csllected, ¥, GE _ m1  total Farticulats, K ;&\%?6 -

weloclty Besd, &7 OB _jwg Stack temp., T 1008 o stack hrea, da_B4 ge3

Sawpla Volums, ¥n ﬁ n? suam..r.qm%’ jwg Exoess 0,, 35,0 &S o

Orifice Press. Diff, .sz ivg Seack-tae—fpvSrevivpy G -] .4,
' " Lfia flae E? :

Time, § VO min Nozzle Dia., Dn . Natsr ? g

Seple ) - T o
Salect Py o1l {A) 'Gn' } Coat (C}] Other: ‘
oc rest/10¢ peu $2.2 7.4 98.2 W42 o)
Preas (X} if meter is not temperature Campansated. .

1. Simple Gas Volums Va_ , = 0.03M Va(, _ + W1%.6) .40  wcr

2. Water Vapor W= 0-04T4 ¥, —o:3\ _ scr

3. Moisture Content Bwo = Bq. 3/(Eq. 1 + Bg. 2) ‘.54 w0,

4. Coocentration a. € = 0.0154 Mj.m 0.4 -’m/nscr
b. €= 2,202 20" wvm 12326200 In/mecy.
e.c-u.agu.ul:u" 22.36 m/ﬂﬂl

8. Abs. m.m Prer, 136+ P 2A7T.7_ in. w abe.

8. Stack Gas Speed v.-uu-mfn—g-”sma. A\ |4 a/min

1.m¢mm-.w-u.llh:msl mmm

sate § 70°7 I L : - dan
S fededg. Yazx 0.3 P \GAZ28 pecr/ain
S.Matarisi Flow Meaig Thxig. @ % 60 Latexiet e
9. 30, fector W, £ = 2090/(20.9 = B,0) 2R3 a.0.
l&m a.l-k.&lhlk- ’ ﬂﬁ-& M;ou
.o..uo“'h'no"lm _}gm_u/juh
24077 = Te(vm_ . + Ww_ ) :
11. ¢ Zsckinetis 3= —std et al. _»

Ixvemis -h’

3) Convert Tp and Ty to "% '

2} miltiply 20 1 by 530/T(*R) Lif meter not tamperaturs compensatad.

Nry-2ined xn, Data Sheet $003-4
' Ravised 3/18/78
A-69 :

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




Test Ro. ;

CASCADE IMPACTOR DATA SHEET

rest row wo. _ 5-3 “LOCATION 3 e S=7-76 TIME 15350
IMPACTOR WO. ] cxclowe wo. / OPERATOR .
SAMPLE POINT LOCATION - POWNS TREAM d’/‘ Wr//2 r)¢£ ’ﬁfyﬂg —
EUBSTRATE COATING MM E ruRL COKE GAS weertons (O Ac k1b/hr
IMPACTOR ORIENTATION __ N ORI & . PLOW THRO IMPACTOR 2.07 cru
PLUE STATIC PRESSURE __— & :.nxao,m.ocm £5 ff/sgg
WOZZLE DIA. 2 sn  IMPACTOR PRESSUREZ DROP I3ﬁ HyOwp oz _ /32 y 474
aswrRen 7. &) ¢ START TIME 13:5¢2
‘GAS METER START 2 o | . DURATION _/9 VD2 U
asvane__ 7.2[ c ' e O, @7 cm
mm‘rifémz’n:;u:m “,7'ZF. *s  pressore 28 77m ng. n'mimm. 50 .
FLUE GAS MOLECULAR WE. -, e, 550 %, pestry. 'g/x.usmsm_;mm
Pr rRESS. 265 Hg METEX _TEMP 9 °F
) L Stage Number Stage ‘ ‘
vp - I 1 2 3 3 ] A Blank
+ saple, § |3 3¢ 7703 906513259813.459|3.6679 . _

Unused Foll, g

323498 453,

Data used in Table 4-8.

sswple, 3 |5 1200l0.05040.0109 (0.0084 0.0033] .
| S
for Blank, ¢ .
Final Sample, ¢ |
PILTER NO. Sazple Blamk FULL CONTADIER, §
PIiTER + Smonz,gl L 0422 BOTY CONADIER, g '
| rurma e, ¢ |, 0399 . cxaos arm, g _O-4328 : |
sNPLE, g 0028 . -
CORRECTION FOR
BLANX, g
FINAL SAMPLE, g

A-70




TABLE 2 (Continued)

. Stage 2
3

]
5
6

Filter

Bymbol
S on a cup of the total sample collected CYCLoNE .

Y,

Total

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

™M M MMM
B W N

a wn

A-71

D .

Value cUM 7o
o ' 129
£/.98 $2,9!
25.92 175
e 2,24
3.3/ 2 .00
,' 7ﬂ pq7
/‘l/;- 1‘7,6/
100.00%
38,02
[2-29
£.% € E
2.{2 . %
zo i{ g
[
2
z




PARTICULATE BESION ’pm.\rm Test No. L./
Date 2://: P§  Yocstlon (/) Goerl gEeeveol Bogr. -
: rel__ .5 loas B2 '
Pitot Pactor, 78 __o_&__ Barceetric Pressurs, ¥, 22 94

Tust Wo.___ -7

it ¥o. /

in. »g
Tot. Liguid Collocted, v 72 =l Total Particulate, X {65C & mgm

Velocity Head, AP .09 . iwg Btack Temp., Ts_JF R Stack Aroa, As__ €< 2
Saxple w;o_:.m. wm 272 03  stack Prass., Pag =£ 4 fwy Excess 0y, W8_gFo 3
orifics r'_nu. Diff,, B_.£2 iwg Gtack Gas Bp. Gravity, Gs_ /OZ n.d.

Sarple Time, 0 /5T min  Nozzle Diamster, Dn__. ¥>s~  fn:

1. Sample Gas Volume v-m = o.om.v-(rm + B/13.6) . 2954 - scr

2, Water Vapor w'u = 0.0474 v“ : & /2 scr

3. Moisture Content Bwo = Bq. 2/(%g. 1 + Bg. 2) . 9Z65~ WD,

4. Concantration m. C e 0.0154 Mo/Vm_ . /2. 94/ _ grainsposcr

) . : =
b. €= 2.205x 20 Ma/Va_ , (L8531 10 ¥ 1/oscr
G. C = Bg. 4b x 16.018 x 10° 28/ grams/DSCH

-5.m.amun_-u.r--rmxu.s+m fg/.f“.tn.vabs.

6. Stack Gas Speed Vs = 174 Ps /BPTs ool x 2:2¢ //99. 24 tesain

. suacunma.w-nd.s:ux-:—:‘-’-i% 37/22  WSCT/min

.M’r . o
L. b. Qsd = Bg. 7a x (1. - Bg. 3) Lo nscr/-injéh;rTJ
- e . N

8. Material Flov Nz = Bq.' 7d x Bg. 4b x 60 aﬂlewhr

9. 10, factor 0.1 - 2090/(20.9 = %) 4027 WD,

10, n:_tujgu a Ee X a'x@: B3. 9 1({;" B2FY __ 1b/ Bty
Ihr (s - . -

'b. E=Eq. 4c x m x BEq. 9 X 1000 wik;.m‘nﬂm
1. & Isckinetic . :_um'hmgt_d*wutd, ' . e TS N

2 : A
OxVvaxPs xDn .
011 Cas on1 ] geetC2F

Pe EC Feet/10% Btu 92.2 67.4 98,2 | 99/

o SC lhhntl/lo‘ Joulés | 0.002475 | 0.002346 -

dofe: Slorteie arth res? -7 & A’yff" Srorrie /0/ Data Ehest €002-4
proebe  ckeo ,:V anzy rees. of @y /e// tinw? Sl 5"‘; >
Ditrr Sovmler ‘Orvté ofrer bw/ s /,x'/// clomm probe 87 @eClome

are sk

0. 002636

A-72

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



PARTICULATE DUSSION CALCULATIONS Test No. 7-&
tost Bo.__F-2___Duta_f- % ocation Sl Coarl Geee, Tur_ Bol
tait ¥o.__/ ral__ & ‘oad___ BT
pitot Factor, ¥s P £ Barosstric Prossure, P, 7L #P in. ¥
Tot. I.anid_ccuoctod,. vl [C£.3" =l Total Particulats, M 738" mgm
Velocity Beads AP /2 __iwg Btack Temp., Ts_Jfo R Stack Area, Ma_d5” ft°

Sample Volume, Va_/7 #2 tt3. Stack Press., Peq & ¢ iwg Excess 03. h)z\ 72 8
Orifice Press. Diff., B ¢ iwg -Stack Gas Bp. Gravity, Gs__/. 2JF _n.d.
. parple Time, 8 /S min . Norxle Diamster, Dn_ - FZs™ in.
1. Gample Gas Volume Vm ., = 0.033 Vm(P, 4+ W/13.6) 242 scr
2. Mater Vapor W.u w 0,0474 'u . ,£; 995 [: 7o 4
3. Molsture Content Pwo = Bg. 2/(Eg. 1 + Eq. 2) XL n.D.
4. Concentration &. C = 0.0154_&;/7!“ M EE grains /DSCF
b. C = 2.205 x 10 ° Ma/vm_, LEZE 140 "7 1o foscy
6. ¢ = 2q. 4b x 16,018 x 10° ST /99 qrams/oscH
S. Abs. Btack Press. Ps = P, x 13.6 + Pag Lo fe  An. v abs.
: . 407 . 1,00 .
6. Stack Gas Speed Ve = 174 Pz /APTs };-.-— S —-IG. [277. 28 tv/ain
7. Stack Cas Flow s. Qev = B5. 6 x As x 222 x 28 $707€. § W /ein
Rate § 70°F . .
b. Qed = Bq. Ta x 1. -~ £q. 3) EIEFEY, £ vscT/ain
‘8. Matarial ¥low Ma w23 T x 3. b x 60 24z ri0f
9. 1, factsr X0,¢ = 2090/(20.9 = 1.8 ' (25775 m.D.
10. Eniesi a. X =B & xP .9 9 o
 Ixinsicn Bq. & x Fex2q .20t ABZTT _ 1w et

b. EwBq. 4o x Pux 2y 9 x1000 M} _FAESTIEZ ng/ioure
14077 x Te(Vm,, . + W ) -

1. & Isckinetic I =~ ;td 122 o .
OxVax?Ps xlo
edl Cas ol
Po & Pest/10' Btu 92.2 T\l 98.2

P EC Metars/10% donles| 0.002475 | 0.002346 | o.002636

Data Sheat £002-4

3 A~73

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




Test No. 7"/

CASCADE IMPACTOR DATA SHEET

BASHFLIVE .
resT Row No. T~/ LOCATION yi oare 2/ 78
TMPACTOR No. | CYCLONE NO. / OPERATOR R4 Y '

SAMPLE POINT LOCATION _ /P57 A EAM.

of [REIIIT TR

SUBSTRATE COATING - pEr N G, wesrwao_8.7 % xivmr
IMPACTOR ORIENTATION  YEART/C. FLOV THRU IMPACTOR ./ cr @,
N - -
- PLUE STATIC PRESSURE _ ~ 4. 4 inmso,vmrociry_ 2&: 3 ﬁéf/m P P ©
NOZZLE DIA. 4 ‘svpactor pressure proe /Y H, 2 mo o /3. 58 <
Gas METER EMD /340,55 cr s e /3. 5€ g
Gas seTer sTarr /177 45 DURATION * B ssigan E
GAS VOLUME 7l FLOW RATE ./ cm :
A A
AMBIENT TEMPERATURE 9.5 °r  eressure 29 /¢4 m Bg. mumiDrTY 45 A . 8
FLUE GAS MOLECULAR WT, , Tee._3/0  *r, pEnsITY g/cc ,VISCOSITY POISE
FLUVE GAS TEA 3/0 7
. Stage Number Stage
1 2 3 ) 3 Blank
Foll + sasple, g |4 2979 (3. 72| 4. 0149 3,670%11, /842
Unused Poil, g 1,482 5] 3 fo74,1755)
sazple. 9| 2035) ov7j|.0/91 {.003],0057
Correction
for Blank,
Final sample, g ’203_;;’ L WL R Wk o087
; . 37
0,5 2-81 1.6 //Z /5-; i
% o rorse 355 4.2 23 -
5¢.3 “§ &6 3.3 2%/0
FILTER NO. Sample  Blank FULL CONTAINER, ¢ . /2l
FILTER + saMPLE,q| /.2 /99 EMPTY CONTAINER, ¢ A LT
FILTER TARE, §  |/.22C0} / CYCLONE CATCH, :‘; 2E5C “ 7, 7%.
SAMPLE, g —& /| CULS ,)z'ff7
CORRECTION FOR .5'7} 73/
_m: g -
FINAT, SRMPLE, g wlogis + tyclre .5 7.'3"/"7.
— ] 60-20
4O 7 v e Alar 3

A-T74




TABLE 2 (Continued)

Symbol
% on a cup of the total sample collected Cy.a(/

Stagg 2 Yz
3 ‘{3
4 Y
I's 7 3. 7 5 'r:
.6 Yg
Pilter - Y,

Total

*Any discrepancy due to rounding off should be buried
in the largest Y cumulative % smaller than D y/la-"

2.81 1:z
16€ I
113 I,
’;Cl 25
¢ 3 7 :6

A=75

© Yalue
. 4q.7
7o.S  35.5
/6. 3 g 2
£ €6 337
- &£ .57
3e = 1FZ
a ——
100.00*
100
;0,55
_29.5 |85
/7.2 | ¢.65
i€ 2.3z
J. O ), 52
o o

Data used in Table 4-8.




Test No. 2“2

CASCADE IMPACTOR DATA SHEET

S "LOCATION 9 me 8-/3-7¢
IMPACTOR NO. / CYCLONE WO. ‘/ opesaror £ . PIONESSAH -
encLE POINT LOCATION UPSTREAM 0F PRI CIFITATOR

SUBSTRATE COATING _ MON £ ruEL A4 GAS  west wono_8 3 o impus
DMPACTOR ORIENTATION _ VER T/ €A rwu THRU IMPACTOR /25 cru
FLUE STATIC PRESSURE _ —8. 2 unzo,vmo.cm 25.2 {Aﬂ/m

WOZILE DIA. s/ s DMPACTOR PRESSURE DROP /¥ H, 0 ‘B TIME /ST

oxs werer B0 J350.0Y cr starr TiHE __ /{5 ©

GAS METER START 1379.£1c DURATION_ q st N
Gas VoL Y5 o nowmre___ )25 cm

AGBIENT TRMPERATURE __ T2 °F pmmzz.f7mn;. wouorre___ 56 .
, . 322 °r, DENSITY g/cc ,VISCOSITY POISE

PLUE GAS MOLECULAR WT.

Stage Number ] Stage
1 2 3 4 ] . Blank

roil + Sample, § |/ 1295 7.68/41.0% 714./83514./7 35|
wnused Poll, 9 |1,0077 |24 70504.079513.461244.13/0

#ﬁﬁﬁ
sanple, § | ouyyg |0/l |, 0082).0015|.0025 '
COzrecti.o_n .
for Blank, ¢ .
rina sasple, 3 | 04/4 |ol41 | 0082|703 )| 2025
o727 O3l 0150 S '
PILTER NO. Sazple  Blank . FULL CONTADNER, ¢ ___* Y994
rILTER + SaerLE. ], 0394 | EMPTY CONTAINER, § 4328 .
* . FILTER TARE, @ ' 0387 _crcmmc'm:n.g- 10(;5-’/ i
SNPLE, § 0007 *
CORRECTION FOR
JBLANK, ¢ o : 10
PINAL SAMPLE, g - 200 7 601';,

- , ,é,..:,ﬂl?!f;/
“% :Mk/:—',lf‘f;’ o

A-76

Data used in Table 4-8.



TABLE 2 (Continued)

symbol Value

% on a cup of the total sample collected ag«r_/é-m q47.3
stage 2 Y, - _5é-6  *7- 9
3 ¥, 2/-_4 1. &
4 Y, /]2 5. 9
5 Ys 59 . 3
6 Yo 3.4 /.
Filter Y'l ‘ : _L—. 'fa
- g Total ~ 100.00*
*Any discrepéncy due to rounding off should be buried .. [yﬂ o
in the largest Y cumulative M smaller than Dpc 7 fz, £
z 43.4 |22-7
2 - -
I, 2.5 |- 2
Z, /4- 3 5.4
I -4y 2.3
I /- & .5

A=77

Data used in Table 4-8.




Excerpts from

REFERENCE 27 (SECTION 4.0)

Taback, H. J., et al., Fine Particle Emissions from Stationary and
Miscellaneous Sources in the South Coast Air Basin, KVB 5806-783
(NTIS PB 293 923), CaTifornia State Air Resources Board, Sacramento,
CA, February 1979.
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B. " Particulata test sat-up—

Two tests vere done on the same cement kiln oparating at approximate-
ly the same conditions, and at the same position on the stack downstream of
the baghouse at about 100 f£1 above grownd level cm the straight section
laeding to the atmusphare. Natural gas was used as the fuel source for the
first test, Test 9, and coal was used for the second test, Test l8. The
velocity profiles in the stack for the two tests are listed in Table 4-41.
Velocity points greater than. 72 inches were not able to be nea.sn:'-ed for
Tast 9 and velocity points greater than 121 inches wers pot able to be
measured even with the pitot tube extension for Test 18. MNote that for Test
18, coal f£iring, the mean velocity in the atack is somewhat higher than the
gas fired Test 9. This is as sxpected, considering the additicnal air
needed to stoichiometrically combust the coal to produce the same Btu value
as natural gas for operating the prucess. TFor both tests the SASS sampling
train was used with a 5/8" nozzle at Velocity Point #4.

c. Particulate Test Results—

The results of the twc tests discussed in this section are listed in
Tabla 4-1. Major elemental compositicn, sulfats, nitrate and carbon
analysis were determined for all fractiona of par:ic“la;:e catches which
contained weights in wxceas of 100 mg. The details for these procedures
are discussed in Section 1.2.2. Tables. 4-42 and 4=43 list the results
from this andlysis.

D. Discussicn of Rasults——

1. -Particle sizs distribution--Figure 4-31 i3 a plot df particle size
fum) vs. accurmlated weight percesnt, the latter plotted on a probability
scalas ar explained in Sectiocm 3.2.3 B. Two curves are presented, cone.
uclﬁdi.ng the impinger catech, and the other ignoring it. The size distribu-
tion curve for both tests ignoring ths impinger catch are identical. However,
when the impinger catch is includad the curve shifts to the right; more sc
for the coal firing than gas. Tha breskdown of the particls size distribu-
tion including the impinger taken from Pigure 4-31 iz as follows:

Percent of Particles

. >10um 10=3um 3-1um <lum
Test 9, gas fired .8 32 40 20
Tast 18, coal fired 8 ’ 24 34 4

A-79
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The mean particle size, including the impinger, for Test 18 is l5um and 23um*
for Test ?; icnoring 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. Chemical Composition-- Tables 4-42 and 4-43 list the results from
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 61 carbon is slightiy 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
are in the range of 1\ of the total particulates. All other elements listed

were detected in trace amounts.

3. Emissions and emission 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)
gz/DSCF 0.0056 0.0099
T/yT 22 48
1b/hr 5.9 ' 12.5
1b/t~n produced : 0.21 0.43 |}
1b/kbl produced 0.041 ‘ 0.084

4.2.7 calcination of Gypsum

Gypsum is a mineral that occurs in large deposits throughout the
world. It is hydarated calcium sulfate, with the formula Caso4'2326. When
heated slightly, the following reaction occurs:

€aso,*2H,0 + CasQ,*1/2 H,0 + 1-1/2 H,0(g); 41 = 419,700 ¢al.

A-80 KVBE 5806-783

Data used in Table 4-10.



Excerpts from

REFERENCE 30 (SECTION 4.0)

Stack-Emissions Survey of Lone Star Industries, Inc., Portiland
Lement PTant, Maryneal, Texas, File No. EA 795-09, EcoTogy
Audits, Inc., 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 23500
Baghouse Flow Rate - ACFM 123000 87100 95300
Baghouse Flow Rate -DSCFM* 80300 53100 51900
% Water Vapor - %Vol. 7.55 6.80 5.73
% CO; - %Vol. '@ Preheater 23.8 19.0 17.6
% C0, - %Vol. & Baghouse 7.6 9.2 8.1
33ﬁ22§i§a§?2§i5“§3§§scf 0.00281 0.00225 0.00280
B T
Kiln Feed Rate - Ton/hr 36.5 39.0 40.4

-

Data mentioned in Section 4.1.9 and used for

EA 795-09

A-B2

calculations in Appendix E.
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SUMMARY OF RESULTS

Kiln Baghouse Number 2

Run Number i 3
~ Date 28 Sep 79 28 Sep 79
Time 1550-1650 1735-1835
Preheater Flow Rate - ACFM 71300 71000
Preheater Flow Rate - DSCFM* 2%500 26300
Baghouse Flow Rate - ACFM 303b0 138000
Baghouse Flow Rate -DSCFM* 48600 £4900
% Water Vapor - %Vol. 6.65 6.56
% CO; - %Vol. '@ Preheater 19.6 25.2
% cop - %Vol. e Baghouse 10.7 7.8
Baghouse Particulate 0.00642 0.00453
Concentration - gr/dscf
et t———————

Seghouse Particulise IR |

lMon/hr 34.8 36.1

Data mentioned in Section 4.1.9 and used for calculations in Appendix E.
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Emission - lbs/hr

.
L
— ]
' SUMMARY OF RESULTS
Kiln Baghouse Number 3
. 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 Fiow Rate - DSCFM* 28900 27200 27000
] Baghouse Flow Rate - ACPM 82100 81600 91600
Baghouse Flow Rate -DSCFM* _43700 47700 52100
l' f Water Vapor - %Veol. 5.70 6.08 7.56
| % COy - %Vol. '@ Preheater 19.2 18.8 21.0
% COp - %Vol. @ Baghouse 11.4 10.7 '10.9
l Baghouse Particulate 0.00840 0.00824 0.00782
Concentration - gr/dscf
| [ Baghouse Particulate 3.50

Kiln Feed Rate - Ton/hr

40.1

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

EA 795-09

N
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Excerpts from

REFERENCE 31 (SECTION 4.0)

Hurst, W. W., Gas Process Survey, Roanoke No. 5 Kiln System,
Lone Star Cement, Inc., Cloverdale, VA, October 19/9.
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W. J. Cavanaugh -2- November 1, 1979

Results showed average conditions for each Kiln System as

follows:
Location Temp. Volume ( Emission A Opacity
Kiln Stack °F ACFM Lbs/BEr Lear Sieg. 0BS
" . Dfcrn
1 401 65,700 28.4 34
2 Postponed ’
3 420 60,700 23.6 - 25 15.7
4 413 70,900 28.9 31 19.9
5% 332 288,600 164700 38.4 14
5 %% 326 192,000 .4 1£o 20.3 14
5 kkk 296 86,650 rd'cgo 12.2 11

TapLt S
* No Gas Bypass )
** Gas Bypass to one Raw Mill
**¥ Gas Bypass to two Raw Mills

Respectfully éubmitted,
il \
. W. BHurst, P. E.

WWH/ tad

Data mentioned in ‘Section 4.1.10 and used for calculations in Appendix E.
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IABLE 3 1-3
ROANOKE EMISSION SURVEY

PROCESS RATE, CONSUMPTION AND PRODUCTION

1979
- T % f Clinksr \
Fusl Water Feed Water Production Cooling
Bun Kiln Bate In Rate In Raw Rate Water
Fo. Dace No. .I/H Coal t/8 Mix /8 Gal/Min
45-46 9-29 1 3.3 6.9 21.9 0.42 14.6 22
47-48  9-30 1 3.4 5.6 20.7 0.39 13.8 25
49-50 10-1. 1 3.4 8.8 21.0 0.56 14.0 - 26
Average (XKiln #1) 3.4 7.1 21.2 0.46 14.1 24
' 2
2 POSTPONED
2

Average (Kiln #2)

51-52 10-4 3 2.7 7.3 22.1 0.53 14.7 26
$3+54 10-11 3 2.8 7.2 21.9 0.52 14.6 25
55-56 10-12 3 2.8 7.4 20.7 0.48 13.8 24
Average (Riln 43) 2.8 7.3 21.6 g.51 14.4 25
39-40 9-19 4 3.0 5.4 26.0 0.45 17.3 24
41-42 9-20 4 2.9 6.3 25.6 0.38 18.4 25
43-44  9-27 4 3.0 6.6 32.1 0.38 21.4 29
Average (Rila ¢4) 3.0 6.1 27.9 0.40 19.0 26
1-2 7-22 5 8.3 4.9 95 0.30 53 37
3-4 7-24 5 9.3 5.0 105 0.28 66 48
-6 7-25 5 9.4 7.3 108 0.32 66 4%
15-16 8-18 5 9.9 5.2 105 0.3 (1] &
23-24 9-2 5 9.8 6.8 110 0.38 69 50
25-26 9-3 5 9.3 5.1 118 0.42 69 50
31-32 49-4 5 9.4 5.6 110 0.38 69 51
7-8 7-26 5 9.5 5.0 102 0.29 64 &4
10 8-4 s 9.3 5.2 100 Q.36 63 61
i2 8-5 5 9.5 4.8 102 0.32 64 46
14 B-6 5 9.3 8.3 105 ¢.38 §6 47
17-18 8-22 5 9.5 3.7 105 0.36 66 45
19-20 8-23 5 9.7 7.2 103 0.38 &6 &4
21-22 8-30 S 8.7 4.4 110 0.52 69 51
Average (Kiln #3) 9.4 5.7 105 0.36 66 48

Data used for calculations fn 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 Filter, Mease Engineering Associates,
Port Matiida, PA, March 1980.
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Hoxnord . Purticulato Imisslony
Pryor, Oklahomn Gravol Bod TPiltor,
- Tago Throe :

TMIGSIONS SUMMATY

Run #1 ' Run_#2 Run #3

Kiln Feed Rate, Tons/Hour 148.8 148.8 148.8
Ciinker Feed Rate, Tons/Hour 83.8 83.8 83,8
Allowable Emission Rate,Lb./Br.

(EPA Regulations) _ .9 4.9 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 12.9
Actual Fumission Rate, Lb./Hr. :

(Entire Sampling Train) 15.2 14.6 13.9
Particulate Concentratioﬁ,

Grains/SCF

(Front Half of Train) 0.012 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/ACF . :

(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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OKLALIOMA I'ROCESS DALA

: FOR
REXNORD GRAVEL BED

. TOTAL KILK
RILN #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. Tons 25.3 25.8 32.7 83.8
Cooler Feed Rate Okla.
Allowable Emissions
Clipker Cooler
EPA 0.1 Lb/Ton kiln
Feed with Coal 14.9 1bs/hr
Oklahoma Allowable o oo :
3ig.3- 38.6 40.7 117.7 1bs/hr

Process Wt. Table
Clinker Production 83.

8 Tons/Hr

Production rates are during time of testing 1l 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 Rayner, Kaiser Engineers.

Data mentioned in Section 4.1.11 and used for calculations in Appendix F.
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Excerpts from

REFERENCE 33 (SECTION 4.0)

Source Emissions Survey of Oklahoma Cement Company, Kiln No. 3
Stack, Pryor, OkTahoma, Mullins Environmentai Testing Company,
ison, FX, Marc 0.
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T

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. 1 6.7 7.0 6.0
% C0p - % Vol. - ‘ 11.0° 12.4 12.4
$ 0, - % Vol. : 13.7 13.0 13.2
% Excess Air € Sampling Point - 219 192 203

Probe, Cyclone § Filter Catch

|
Particulates
|
|

. grains/dscf* 0.0115 0.0109 0.0102
grains/cf @ Stack Conditions 0.0063 0.0059 0.0057
1bs/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 34.5 38.3
Kiln Feed Rate as Provided by - !
Oklahoma Cement Company - tons/hr 58.5 58.5 58.5
Allowable Emission Rate
State of QOklahoma - 1bs/hr 46.1 46.1 46.1
Emission Rate - lbs/ton of kiln feed 0.118 0.113 - 0.104
Allowable Emission Rate - EPA
40 CFR 60 - 1lbs/ton of kiln feed 0.30 0.30 0.30
Sul fur bioxide Emissions - lbélhr 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

#3 Kiln

Raw Feeder Counts -

419.1 + 8 = 52.5 tons raw per hour

Production Rates - For eight hours operation 11:00 a.m. - 7:00 p-m.

(3-28-80)

= 52.5 tons/hr x 0.63 = |33.1 clinker tons/hr

Coal Feeder Counts -

47.89 = 47.89

5 = 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 Florida, Inc.,

Report 276-S, Cooler No. 3, South Florida Environmental Services,
Inc., Belie Glade, FL, July 1980.
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RUON1 - RN 2 RUN 3  AVERAGE

DATE OF TEST : 7-9-80 7-9-80 7-9-80

11.68  20.81  18.46  16.98

EMISSION ‘RA'I'E' .(LBS./HR.)

ALLOWABLE EMISSION RATE (LBS./HR.) 17,03 17.03 17.03 17.03

EMISSION RATE (LBS./TON OF FEED) .0686  .1222  .1084 [ .0897

ALLOWABLE EMISSICN RATE (LBS./TON) 1000 . .1000 . 1000 . ..1000

PERCENT ISOKINETIC ‘ 92.37 93.70 -92.65 92,91

Data mentioned in Section 4.1.13 and used for calculations in Appendix F.
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Excerpts from

REFERENCE 39 (SECTION 4.0)

Muilins, B. J., Source Emissions Survey of Lone Star Industries,
Inc., New Orleans, Louisiana, Mutlins tnvironmental Testing
Company, Addison, TX, November 1981.
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SUMMARY OF EMISSION TESTS

e New Orleans
’ November 9ch - 13, 1981

Kiln No. 1 Kiln ¥o. 2
Stack Flow ACFM 252076 22?817
Stack Flow DSCPM 125468 112262
X Water Vapor ZIVol 23,2 22.8
Particulates Front Half
Grains/Cf @Stack Conditions 0.0085 0.0088
| Enissions 1bs/hr. 18.33 17,4
Xilp Feed Rate 94.0 (La.) 83.0 (EPA)
Allowable Emission Rate lbs/hr. 50.7 (La.)
y1lowable Emission Rate lbs/hr 24.9 (EPA
Sulfur Dioxide Emissions lbs/hr..
illowed by Louisiana State 325 - 340 325 - 340
Sulfur Diexide Emissions by Test lbs/hr. 254.5 95.4
| 1bs/hr _opm 1bs/he ppm
. wmonium 1bs/hr - ppm 1.51¢4.78)% | 2.67(7.7)*[0.77(3.94)* {1.3(7.3)*
<hlorides lbs/hr - ppm 23.% 3a3.7 16.5 25.0
Potassium lbs/hr - ppm 2.02 . ‘ 2.67 2.01 2.3
iodiua 1bs/hr - ppm 2.27 5.0. 2.0é 5.0
. 16.3 11.3 1.3 5.3

Sulfate 1bs/hr - ppm

Data mentioned in Section 4.1.14 and u%ed for calculations fn Appe

ndix E,

Pounds of NH3 picked up in the first impinger had already began to form

compounds with 507 and Cl.
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Kiln Number 2 during-emission testing was 23.0 tons per hour. Coal 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 source of fuel which contains some sulfur; consequently,
the combustion 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

| L T Allowable

Raw Feed Coal Feed Total Feed Emissions

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

_ Louisiana

Kiln ' Regulation
Number 1 B3.0 11.0 04.0 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 afrer 1971, therefore, -
must abide by EPA Regulations.

"Data used for calculations in Abpendix ‘E.
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Excerpts from

REFERENCE 40 (SECTION 4.0)

Hurst, W. W., Stack Emission Survey and Precipitator Efficiency Test-
ing at Bonner Springs Plant, Lone Star Industries, Inc., Houston, iX,
November 1981.
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TABLE T-1
BONNER SPRINGS STACK EMISSION SURVEY

PARTICULATE EMISSION RATE ' ' 1981

EXHAUST GAS PARTICULATE EMISSION RATE
Run Test '.\':em'p . Voluma Grains/ Lbs. /SC.‘.F_6
No. Location Date F. ACFM . SCF Dy Dry X 10 Lbs./Hr. Ton/Day
1 WNe. & Stk. 9-8 - - -— - -— -
2 . " 177 75,900  0.1642 23.5 $3.0 0.64
s " 9-9 772 646,100  0.0741 10.6 - 19.7 .26
6 " " 769 72,900  0.0690 9.9 21.2 0.25
9 " 9-10 776 466,700 0.0623 8.9 18.0 0.22
10 " " 768 67,200  0.0764 10.9 21.0 0.25
15 " 9-11 766 63,500  0.0955 13.6 25.9 0.31
16 " " 768 55,500  0.0222 3.2 4.7 0.06
AVERAGE 171 66.500  0.0805 11.5 0.3
71  No. 2 Stk. 9-21 695 99,300  0.0308 4.4 16.3 0.20
2 o 9-21 692  105.406  0.0748 10.7 40.6 0.48
27 " 9-22 668 96,100  0.0206 2.9 11.6 0.14
28 " 5-22 666 100,900  0.0301 6.3 18.4 0.22
3 " 9-23 635 30,300  0.0177 - 2.5 10.0 0.12
A " 9-23 635 85,100  0.0199 2.8 © 1047 0.13
39 " 9-24 677 108,900  0.0340 T4, 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 LT 0.41
46 ” $-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% 6.8
64 " 10-7 703 97,400  0.6930 99.0 as52% 4.2
AVERAGE 588 105,700  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

15

PARTICULATE EMISSION RATE 1981
_EXHAUST GAS PARTICULATE EMISSION RATE

Run Test Temp. Volume Grains/ Lbs. /S(‘!l"_6

No. Locacion Date *E. ACFM SCF Dry Dry 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 11.4
73 No. & Stk. 10-9 742 75,500 0.0413 5.9 12.5 15
74 Ne. & Pper.10-9 795 80,200 7.960 1137 2.391 28.7
77 Ne. & Stk. 10-22 758 34,900 L0177 2.5 5.5 .06
78 HNo. & Pptr.10-22 780 71,600 6.804 972 1864 22.4
83 VNo. & Stk. 10-23 751 74,700 .0183 2.6 5.8 .06
84 WNo. 4 Pprr.10-23 761 74,400 6.446 920 1940 73.3
AVERAGE - Stack 746 73,900 0.0451 6.4 14.0 0.17
AVERAGE - Pptr. 765 83,000 6.57 953 {2202 26.4
87 VNo. l 11-2 638 47,200 0.0092 1.31 3.0 .04
88 & 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
50 Stack 11-3 637 52,100 0.0039 0.55 1.4 .02
91 " 11-4 671 51,100 0.0027 0.39 0.9 .01
92 " 11-4 672 57,600 0.0034 0.48 1.3 .02
AVERACE 649 51,500 0.0063 0.91 2.2 .03

Data used for calculations in Appendix D,

A-101




Date
1981

9-8
9-9
9-10
9-11

9=21

9-22 .

3-23
9=-24

9-25

10-6

10-7

Data used for

TABLE T-4

BOWNER SPRINGS STACK EMISSION SURVEY

RATE PRODUCTION AND CONSUMPTION 1981

Fuel Used Raw Mix Used Clinker
System Under Coal Moisture. Ton/Hr. . Slurry Caco, Produce:
Test Lba/Min. 4 Dry Moist - X 4 Ton/Hr.
No. & Riln Stk. 156 8.0 31.0 34.7 79.2 16.8
" 146 6.1 31.0 35.0 79.2 16.9
" 150 8.0 31.4 34.5 79.3 "17.0
" 150 7.1 32.0 4.1 79.2 17.4

No. 2 Kiln Stk.
Eiln 1-24 Hr. 83 7.4 17.86 34.1 80.3 9.92
Kiln 2-24 Hr. 88 7.4 17.17 34,1 80.3 9.54
Kiln 3-0 Hr. -—_ -— -— _— —
Kiln 1-0 Hr. _— -— - - -
Kiln 2-24 Hr. 84 5.8 16.72 36.5 80.4 9.2%
Kiln 3-0 Hr. -— -— -— —-— -—
Kiln 1-QHr. - — -— — — -
Kiln %=-24 Hr. 8s 6.5 16.88 34.0 80.3 9.38
Kilp 3-12 Hr. 90 6.5 15.61 34.0 80.3 B.67
Kiln 1-0 Hr. - -_— -_— - - -—
Kiln 2-24 Hr. 84 8.0 17.17 34,1 80.3 9.54
¥iln 3-24 Hr. 80 8.0 16.88 34,1 80.3 9.38
Kiln 1-0 Hr. — T — - -— -— -—
Kiln 2-24 Hr. 84 7.8 17.41 34.0 80.3 9.67
Kiln 3-24 Hr. 17 7.8 16.96 34.0 80.3 9.642
Kiln 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 17.55 33.8 79.9 9.75
Kiln 1-20 Hr. 89 1.5 18.18 34.3 79.8 10.16
Kilp 2-24 Hr. 87 1.5 17.26 34.3 79.8 9.59
Kiln 3-23.75 Hr. 84 7.5 17.21 34.3 79.8 9.56
Kiln 1-18 Hr. 89 7.0 16.31 34.1 19.7 9.906
Kiln 2-23 Hr. B2 7.0 17.14 34.1 79.7 9.52
Kiln 3-24 Hr. B4 7.0 16.43 4.1 79.7 9.13

calculations in Append1x E,
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TABLE T-4 (Continued)

BONNER SPRINGS STACK EMISSION SURVEY

RATE PRODUCTION AND CONSUMPTION 1981
Fuel Used . Raw Mix Used Clinker

Date System Under Coal . Moisture Ton/Hr. Slurry Caco, Produce
1981 Test Lbs/Min. y S Dry Moist - X z Ton/Hr.
10-8 No. 4 Stack & 151 8.3 31.3 33.9 79.7 17.0

Pptr. Input
10-9 " 150. 7.8 . 30.7 33.7 79.6 16.7
10-22 " 154 . 8.0 30.6 35.3 79.9 16.6
10-23 " 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
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 Emissions 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,
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Excerpts from

REFERENCE 43 (SECTION 4.0)

Lonnes, P., Results of the February 17 and 18, 1983, NSPS Particu-
late Emission CompTiance Test on the No. 8 Kiln at the Lehigh
PortTand Cement PTant in Mason Tity, Towa, Interpoll, Inc., Blaine,

FN, March 1983.
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Data mentioned in Section 4.1.17 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
Volumetric flow ) -
Actual (ACFM) 80,000 81,500
Standard (DSCFM) 60,400 59,800
Kiln feed rate (tons/hr) 136.4 139.2
Gas Temperature (Deg-F) 193 214
Moisture Content (% v/v) _ 2.70 2.44
Gas Composition (% v/v, dry)
Carbon dioxide 0,03 - 0.03
Oxygen 20.90 20.90
Nitrogen 79.07 79.07
Isokinetic variation (%) 97.6 101.3
Particulate mass flow (lb/hr) 2.7 1.0
Particulate concentration :
Actual (gr/ACF) 0.004 0.001
Standard (gr/DSCF) 0.005 0.002
A-110

Run 3

- 82,400

60,400
138.1
214
2.58

0.03
20.90
79.07

102.3

1.0

0.001 -
0.002




JOWA DEPARTMENT OF ENVIRONMENTAL QUALITY "

ATR PULLUTION CONTROL EQUILHLENT QPERATING DATA*

Plant (&t G‘/csur &b Location ‘&&""‘-’ C’If‘/,.zﬂ
Source Type cDDfd_T_L 3”&‘605{::.' Rated Production /3o FPH (fexv)

Dare {7FcP 33 Tize fOOO— /2D Actual Ptnduc:ionL /364

Air Flowv Data Run No. /

Mechan{cal Collector:

Tube Diameter in. No. of Tubes - Design Ap.

in. ﬁzﬂ € Cas flemp..!' F.
Observed 8p__ _ ___ In 1-120. Design cfm/tube @ Observed 8p : g - - °f

Fan Raced H.P. . QOperating Volts . Operating Amps

. .
——— e e—

Electrostatic Pugpiur.or:

Primary Primary Secondary A : -S'gcondniy Spark
Field - Voltege Current Volcage -« . “-Current. - “Rate -
No. (volts) {ampsg) - KV} 5 (ma) - (per'min.}
Scrubber?
Type . ) 4p (acrose serubber) S Ain. HZG'
Fan Rated H.P. . Qperating Voles . Operating Amps
Liquid Circulation Rate gol/min, I Make-up . Blowdown gpm.

Scrubbing Water Change Interval

Settling Tank Cleaning Interval

Baphouse: FUGSE-M

Pressure-Positive x . Ho Compartments ‘{t

Type Cleantng__ (oWl 4w fuise . Clean Cycle &/A nin.

Avg. Baphouse 4p =135 45 HZO- 4p Range “f‘ 1“]‘ in. Hz'D.

Fan: Rated n_.r._dj_o_. Operating Volts_ 500 . Operating Amp:_/75 .

Type . bp in. HZD' Diancter .

Fan Ratcd IL.P. ' Operatling Volts . Operacing Amps .
Ferson Respuneible for Data: A/fwll‘édd .

Signoture: )
Title/Ponition: /dw SL PERTR

*Averages nf operating data taken during sctunl temc run unlcae requested ocherwise.

A-111

Data used for calculations in Appendix F.




' "_“:'avmouiacmm. QuAzrTY

o\lR PULLUTION uun‘um EQUU.’III.HT OI‘EMTlN(‘ DATA4

(ﬂ!&éﬁ{ Q’#G’Jr b !.ocnt;int;l ‘é&” &’Y 2R

Type CDO(QZ. Bﬁaiéosc.' -‘!tntethr;duct!.nn ‘30 TPH [&EDZ
%63 Tize n'zo-/asb * Actual _Pgm?uc.l;inn o "

Run No. 2
g Pose-rer
*=Positive ~Seporite X . Ho Compartments ﬂl .
caning &Wf- 14#’2- KHEE . Clean Cycle U/ﬁ min.
ahouse Ap “I"N in HZO' Ap Range —"1‘/1“)‘ in. H,0.
i

ated ll.P.__{D_Q_. Operating Volcs 500 . Operating Amps /83 .

. Ap in. HZO. Diancter .

~uod I.P. . Opcracing Veles . Operating Amps

Person Respunsible for Data: A/CU ,(DUC : -
Siguature: W

Title/Position: /(‘-U SLHREETS

't of operating data taken during actunl test run unleas requested ocherwlae,
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Data used for calculations Iin Appendix F




-

JUWA DEPANTMENT OF ERVIRONMENTAL QUALITY

“AlN PULLUTION COMTHOL EQUIPHUNT OPERATING DATA#
Plont_ (erend Q’Vdﬂ-’r & l.ocation A&So‘-‘ 6"’,14

Source .Type Coocrz. LBReAoCSE  Rated Production gso 7EN [42'02
Date "PFO’& £3Tine 1425= 1556 Actual Production, /35~,

Alr Flov Data Run No.___ 3

Mechanieal Colleetor:

Tuba Dismeter in. No. of Tubes . Design Ap. “in. HZO @ Cas Temp. F.
o

Dl_jue.rvcd 4p in 1,0, Design cfm/tube @ Observed Ap e F.
.Fan Rated H.F. . Operating Volts . Operating Amps . N
‘Electrostatic Precipitator: -
Primary Primary Secondary Secondary Spark
Fleld -Voltage Current Voltage “LarTent - . Rate
“Wa. o (volts) (ampa) (Kv) (ma}’ “{per min.J.
Scrubber:
Type . - . Ap (across scrubbe;) in. HZO.
Fan Rated H.P. . Operating Volts . Operating Amps -
Liguid Circulaction Rate gal/min. I Make~up .  Blowdown gnm.
Scrubbing Water Change Interval '
Settliing Tank CI'énning Interval
Boghouse: PULSE'M
Pressure-Positive -h.-wfﬁ'l. X N No Compartments ‘l‘
Type Cleaning C’a«rf Az ﬂH.EE . Clean Cycle /A min.
Avg. Baghouse ap =153 1n H,0. 4p Range —‘r;/f‘f in, H,0.
Fan: Rated ll.P._{O_C}_. Operating Volts 500 . Operating Amp:__/_zs__-
Cyelone:
Type . Ap, in. HZO' Ciamcter .
Fen Ratcd W.P. . Opecrating Volts . Operating Amps .
Purson Regponsible for Data: qul/au{_
Signoture:
Title/Position: [ srpreerTe

*Averages of operating dato taken during actunl teat run unleas requested otherwlne.,
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Data used for calculations in Apnendix F.




Excerpts from

REFERENCE 44 (SECTION 4.0)

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

Annual Compliance Test, Report P5-83-93/Project 5081-83, Pape
and Steiner tnvironmental Services, Bakersfield, CA, May 1983.
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" Excerpts from

REFERENCE 46 (SECTION 4.0)

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

600/X~85-343a, 343b, and 343¢, U. S. Environmental Protection Agency,
Research Triangle Park, NC, July 1983.
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TABLE 3-2. KILN NO. 2 ELECTROSTATIC PRECIPITATOR INLET--ANDERSEN HCSS IMPACTOR
WITIL 15 pe PRESEPARATOR PARTICLE S5TZE TEST SAMPLING DATA--
COMBINED PROBUCT TEST RLESULTS '

_ N3 Cyclone - Stage U .. P PR - 51 _
[ 4 Com. % Com. 1L 1S L Filer
farticle size Hass Uga :f'.ze less | Hauy Dgg size frss Hags Mgy Bize Irss Hass Dyo aize hess Hans Pgy size
ran No. (mg} () Lhan (Y] {jm) Lhan img) Ty Lhan (mg) () than {mg) (im)
ar ESP-1-1-1 19,119.5 16.40 11.98 1,h67.2 11.86 y.14 a4 Y G6.Gb 5.40 1,013} 2.08 1.8} 4.5 < r.o8
[ ESPF-1-2-) 12,31).8 (AT E . n 1, 0695 1140 .40 950 6 6.3 L] 190.% 1.92 1.in 410.% < 1,91
— B ESr-1-3-1 1¢2,260.0 1574 .98 9.8 198 14 82 LAVRY] 6.4 . LT ] 2.00 J.u8 LTSN <« 2.0
0] ESr-1-4-1 16,61).7 1515 .9 LEVN | 4D 9.061 R} 7 6,39 4.n2 G541 ).95% .32 FLT A « 1.9
15,4908 5% 15.47 [ ]] 047.2 1.5} L) ] 563.8 G.42 5.1 58910 1.9 (4.} s 1Y
2 002 15.03 11.08 91 .31 1.56 15%.1 79 ] 4.8 961.2 1.490 [ 0.0 O
14,0945 13.40 1591 L L1V -1 .51 1,51 .2 6L, 40 b 1 AR5 [ [ PR K] (L1 < 1.9
| 11,8603 15.51 11.52 LIY R | 11.5% 9.1} [0 Y 6. &2 5.9 i 4 [} 1.43 LV ] < N
! 12,1819 15. 49 10.9% 1,050, .1z [ 78,11 g1t 6,96 1.6k 115.8 .m0 .61 1.2 < .01
AL 469 £5.41 lu.y Buf .0 .64 [ M b.54 1.1 121.5 1.94 .68 155.4 < .94
22,0625 .4 15.05% a.52 6u5.2 1140 6.0} [1: L 6.4 V.01 (31N ] 1.90 Bl Thr. 2 < V.90
WY 14.73 21.4) 6,059 4 11.26 9.2 114 G.24 4.99 L,15.8 1.47 0.B7 115 < 1.0}
21,33 ¥5.52 9.50 162 1.5k .24 mra [ Y] 1.24 630 1.96 o, 56 1i12.6 < .40
23,919 15.81 .56 To5.6 1.n 1.85 1,060} h.62 1.1 6.1 1.9 [ )] WA < .9
‘ 13,8482 15.2% 0.4} M1 11.56 .40 S10.8 6.4 i.n 6494 192 4.93 14).48 < 1.9
20,912.4 1067 V1267 ) UAN 4 1n.as 8.97 1,004 2 6.4k %.00 AfL. .04 156 95.8 < 7.04
b mg = Hel weight milligriams.
By, save (ua) = SOT eltestive totofl diametes ajoonmedices. .

Cum. T dess Lhan = cumulative pecronl loas thion wtaled size.

Entire table used in Table 4-13,




TABLE 3-4.

KILN NO. 2 ELECTROSTATIC PRECIPITATOR OﬁTLET—-ANDERSEN MARK II1 IMPACTOR
WITH 15 pm PRESEPARATOR PARTICLE SIZE TEST SAMPLING DATA--COMBINED
PRODUCT TEST RESULTS

_. A5 ym Cyclone o Stage 0 __ Co Stage L oooBlage 2 L . Stage 3
Particle Cum. % Comn. % Cum. % Com. %
- size Hass, Ihgg Sige Icssc Hags  Igy Size less Hass  Dggy Size less Hasg Doy Size tess Hass gy Size
—— —-run No. (mg) (pm)' Lhan (mg) {j1n) Lthan (mg) (1) than (og) {ym) Lhan (mg} (jwn)
Esr-n-1-5{0) 1.19 14, 10 92.44 0.47 14,26 RY. 46 0.04 B.1Y A9.21 0.22 6.01) R?.41 0.1% i OR
ESP-0-2-1(R) .51 15.86 96.54 0.31 15,03 04 .44 0.16 9.7 93,30 0. 34 6.134 91.05 0.33 .30
HSP-U-]-E| 0.09 th. 34 98.498 2.15 13.717 14.72 0.04 B.58 74,21 .00 5. 480, 14.27 0n.00 J.9%
ESt-0-4-1" 219.72 14.81 1.27 1.86 14,14 4.16 |60 R.A1 4,24 . 1N 5.95 3.37 1.66 4,04
ESP-0-1-2 4.25 13,40 63,80 0.90 13.19 56.13 1.13 8.22 46.51 0.68 5.55 4. 72 0.62 3.76
ESI-0-2-2(m) 1.45% 15.58 R9.44 0.43 15.09 A6 .11 0.21 9.41 AL IR Q.46 6.1 Bt 43 4.50 RV}
ES1-0-3-2 0.84 14.719 39.81 ¢.00 1440 59.81 .2 .47 54.07 0.30 6.07 3971 G.21 ho12
ESf-0-4-2 1.84 15.11 T4.34 .80 ta.58 63.18 0.1R 9.09 60.67 0.45% 6.15 54.39 0.47 ALt
T
- Stage 4 Siage 5 Stage 6 Stage 7
— X RS .31 A, N, ———D BB Y o ooSlape B e DRRABE .
O Particle Cim. % Com, . % Cam. % Cim. % . Filter
Size Hass  llgq Size less Hass gy Size less MWass  Mgp Size ' less Hans  Wgq Size less Hags Dgg Hive
run No. {mg) (jm) Lhan (mg) (ym) than {mg) {jim) than (mg) (inm) than (mg) {yna)
ESP-0-1-1{C) 0.%54 2.060 R2.16 1.79 1.28 . 1.92 0.17 58.60 3.50 0.56 16,28 5.13 < 0.h6
ESI-0-2-1(R) 0.7t 2.715 B4.00 2.92 1.5 64,20 2.0¢ 0,82 50.24 2.38 0.60 3410 5.0) < 0.0
ESP-0-3-1 0.02 2.51 74.04 0.05 t.23 13.48 0.00 0.74 13.48 0.00 0.53 13.48 6.51 < 0.%3
FSP-0-6-1 1,40 2.%? 2.39 .98 1.26 2.08 1.27 0.76 1.67 2.33 ¢.55 0.97 2.90 < 055
ESP-0-1-2 0.2} 2.40 3165 0.81 1. 17 26'?’5 0.8)3 0.10 19.68 0.9 0.51 11.93 1,40 < 0.51
ESI'-0-2-2(0) 0.66 2.76 12.498 2.12 1.3 51.54 1.19 0.82 44.50 2.02 - 0.61 9.9 4.09 < 0.1
FES1P-0-73-2 0.14 2.6 22.97 0.08 .29 1914 0.05 0.78 16.75 0.00 0.57 16.75 0.3% < 0.%7
ESE-t-4-2 0.41 2.66 41 84 0.83 1.7 30,26 .76 0.1y 19.66 0.51 0.5k 12.55 0.10 < 0.%R
* mg = Het witight milligrams.
" g size {pm) = 50% effective cutoll diameter micrometers.
¢
tum, L less than = cwsmlative percent teas than stated size, .
d Fntire table used in Table 4-14

Hot used in calenlations due to suspect slage lnading.

Cum. %
less
Lhan

B5%.9%9
RH.RI
14,27

2.B4

15
17
29.
hl.

.53
1Y
G7
Al
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TABLE 3-3. KILN NO. 2 ELECTROSTATIC PRECIPITATOR INLET EMISSION FACTORS BASED ON TOTAL MASS
AND IMPACTOR SIZE DISTRIBUTION--COMBINED PRODUCT TEST RESULTS

Total mass Production Total mass Ratio of particle Emission factors for
Particle size epission rate emission size train conc, $ 2.5 pm £ 10.0 pm = 15.0 pm
run No. rate” (1b/he)€ {ton/hr)} factor (lb/ton) to total mass cenc, (1b/ton) (1b/ton) (1b/ton)
ESP-1-1-1 52,000 35 1,500 30 120 . 180
ESP-1-2-1 57,000 35 1,600 32 ’ 110 220
ESP-1-3~1 21,000 35 590 24 n 110
E£SP-T-4-1 24,000 35 690 14 55 83
Average 38,000 35 1,100 0.84 25 g0 150
ESP-1-1-2 52,000 35 1,500 50 100 180
ESP-1-2-2 57,000 35 1,600 32 110 180
EsP-1-3-2 21,000 36 590 ' 12 53 88
ESP~I-4-2 24,000 35 690 14 55 76
Average 38,000 35’ 1,100 0.89 22 80 130
ESP-1-1-3(B) 86,000 ' 35 2,400 24 140 240
ESP-1-2-13 39,000 35 X 1,100 11 55 110
ESP-1-3-3 26,000 35 7150 ! 10 38 68
ESP-I-4-3 47,000 34 1,400 ‘ 14 110 310
Average . 50,000 35 1,400 0.98 15 B6 180
ESP-1-1-4 86,000 35 2,400 ' . 24 120 220
ESP-1-2-4 39,000 ‘ 35 1,100 11 66 110
ESP-1-3-4 26,000 35 750 10 52 82
ESP-1-4-4 47,000 34 1,400 28 98 170
Average 50,000 35 1,400 0.89 . 18 84 150
Total average 44,000 35 1,200 0.90 20 " 85 150
2 Pparticle size test data obtained with an Andersen HCSS impactor with 15 pm preseparator.
b Total mass emission rate data oblained with an EPA Hetho& 5 train.
© Ibfhr = Ewission rate pounds per hour,
d

1b/ton = Pound L f duct .
/ ounds per ton of procuc ENTIRE TABLE REPRODUCED IN TABLE 4-24
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TABLE 3-5, KILN NO. 2 ELECTROSTATIC PRECIPITATOR OUTLET EMISSION FACTORS BASED ON TOTAL MASS
AND IHPACTOR S1ZE DISTRIDUTION- -COMBINED PRODUCT TEST RESULTS

Total mass Production Total mass Ratio of particle Emission factors for
Particle sjze epission rate emission size train conc. €25 m $£10,0pm £ 15.0 pm
run No.® rate (lblhr)c {(ton/hr) factor (1b/ton)® to total wass conc. (Ibfton)®  (1b/ton)® (lb/ton)e
ESP-0-1-1(C) 3.2 34 0.094 0.077 0.084 . 0.088
ESP-0-2-1(B) 2.1 34 0.062 0.051 0.058 0.059
ESP-0-3-1f 5.4 35 0.15 0.11 0.12 0.15
ESP-0-4-1 5.0 35 0.14 0.003 0.006 0.011
Average 3.6 34 0.10 0.63 0.079 0.087 0.099
ESP-0-1-2 8.5 35 0.24 0.082 0.13 0.16
ESP-0-2-2(B} 9.6 4 0.28 0.20 0.24 0.24
E5P-0-3-2 2.8 35 0.08 0.018 0.045 0.048
ESP-0-4-2 2.3 34 0.068 0.028 0.041 0.049
Average 5.8 34 0.17 ) 0.23 0.082 0.11 0.12
Total average 4.7 34 D.14 0.43 0.08 0.098 Q.11

Particle size test data obtained with an Andersen Mark 111 impactor with 15 uym preseparator.

Total mass emission rate data obtained with an EPA Method 17 train.

Ib/hr = Emission rate pounds per hour.

The production rate {Lons/hr) presented corresponds to the same date the total mass emission rate was determined
from the mass train. This date may not necessarily be the same date the corresponding IP train was sampled in
in that quadrant.

1b/ton = Poumls per ton of product.

Not used in calculations or averapes due to suspect stage loading.

ENTIRE TABLE REPRODUCED IN TABLE 4-25.




Excerpts from

REFERENCE 48 (SECTION 4.0)

Source Emissions Survey of Lehigh Portland Cement Company,
waco, Texas, MuTTins Environmental Testing Company, Addiscn,

TX, August 1983.
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SUMMARY OF RESULTS

Clinker Cooler Stack

Run Number 1 2 3
Stack Flow Rate - ACFM 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
* C02 - * VO].. 0&0 0-0 0.0
{0, - % Vol. 20.8 20.8 . 20.8
$ Excess Air @ Sampling Point | -ceenn  } coceen ) ceea-s
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 0.00%94
1bs/hr | 8.0 6.9 4.5
Allowable Particulate Emission
Rate - TACB Permit - ' lbs/hr 26.7 26.7 26.7
Opacity - % 5.0 | @ meeme- ] mee---

*+ 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 calculations in Appendix F.

LEHIGH)

LEHIGH PORTLAND CEMENT COMPANY ro.50x

MIGHWAY 84 WEST
WACO, TEXAS 78710

817: T72-1110

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

#2 ID Fan Inlet Temp. 450 -.. 455 450

3 02 #1 Xiln 2,1% 1.8% 2.1%

$ 05 #2 Kiln 2.5% 2.1% 2.4%
Timé 8:35-10:18 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. 80 VK] uST
g??ékgiagioduction 7.34 Tons J.2> Tons 7.26

Dryer Feed Rate [?ELZ Tons EE_Tons EELB Tons| ~
#1 ID Fan Inlet Temp. [

#2 ID Fan Inlet Temp. ggg ggg 232

$ 0, #1 Kiln

2 : 2% 2.4% 3.2%
gi03 #2 Kiln 3% 2.5% 2.8%
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 fhe 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,
' A-124




Excerpts from

REFERENCE 50 (SECTION 4.0)

Steiner, J., Mojave Plant (Kiln, Clinker, and Crusher Bahouses)
Annual Compliance Test, Report PS-84-249/Project 5233-84, Pape
and Steiner Environmental Services, Bakersfield, CA, May 1984.

A-125




9Z1-V

SUMMARY OF SOQURCE TEST RESULTS

Company California Portland Cement Test Date 5/15/04  APCD No. 1003026A Unit No, Kiln
Emissions :
Inlet Outlet E“‘“{;?}'o:“m"
Pallutants Concentration Het Mass Flow Concentration Wet Mass Flow |Removal -
e 12% Rate 8 12% Rate X
gr/scf co, ppm, ib/hr gr/scf €0, ppm,, exo 1b/hr Inlet Outlet
ol | T o
Particulate 0.0041 7.6} %;0!
. 0.0048 B.N 0,04
| o I
Sulfate 9;9219 1,90
0,0010 1,89
Soiol 192.17
502 7345 13480
71,35 50.91
3153.75] 605,94 | 5031.48
NO‘ as NO» 152.50 606.71 SM .70
(dry) 182.50] 658,34 546.62
62.92{ 623.66 | 517.27
T R Rk
He (T, >01) 0.0/30.3 | 0.00/15.06
0.37/15.40 0.18/17.54
Scrubber Liquor Analysis: Chlorides -- Specific Gravity --

For Xern County Use Only:

Remarks

I Feed Rates = 231, 236, 245 Tonslhnurl

Data mentioned 1n Section 4.1.21 and used for calculations in Appendix E.




TABLE A-1. SUMMARY OF SOURCE EMISSION TEST DATA

UNIT TESTED: Kiin LOCAfIOH: Baghouse Outlet
Test number 1 F4 3 Average
Date £/15/84 5/15/84 §/15/84
Test condition’ 231 TPH 236 TPH 245 TPH
Barometric pressure {in. Hg) 26.20 26.20 26.20
stack pressure_{in. Hg) 26.11 26.11. 26.11
Stack area (FtZ) 87.28 87.28 87.28
Elapsed sampling time (min) 12 72 72
volume gas sampled {dscf) 47,1355 47.0808 48,2830
F factor
GAS DATA . :
Average gas velocity (fps) 63.3 €3.4 65.1 £€3.9
Average gas temperature (OF) 259.0 258.2 25B.0 258.4
Gas flowrate (dscfm) 198625 189435 206805 201621
Gas analysis (dry percent basis)
Carbon dioxide 18.80 18.38 18.50
Oxygen 10.45 10.50 11.10
Carbon monoxide 0.00 0.00 0.00 i
Water 6.49 6.35 5.53 -l
. i
EMISSION CORCENTRATION i
Filterable particulate (gr/dscf) 0.03529 0.0082 0.0<0 i 0.0044
Total particulate {gr/dscf) 0.0044 0.008S 0.0033 1 0.0C%1
Total sulfate {gr/dscf) e.00m 0.0011 g.00ty ¢ 0.00M
$02 {pon) D g LB LB ok
NO, (ppm} i : : E : P oo
EMISSION RATE : :
Filterable particulate (ib/hr) 4.88 10.53 i 7.00 :
Total particulate {1b/hr) . 7.46 11.06 1 7.8 8.7
Total sulfate (ib/hr) 1.88 1.89 ;o 1.90 1.89
503 {1b/hr} 0.50 0.44 | 0.58 0.5
S02 {ib/hr) 183.76 154 .17 .154.80 150.9
503.48 501.70 $46.62 517.27

NO, (ib/hr}

Lb/MMBtu-EMISSION FACTOR

Filterable particulate
Total particulate
Total sulfate

504

KO,

Lb/Bb1-EMISSION FACTOR

Total particulate
Total sulfate

502

NO,

A-127
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SUMMARY OF SOURCE TEST RESULTS

Unit No. Clinker

Company Californfa Portiand Cement Test Date 5/17-18/84 ApCD No, 1003027A
Emissions -
Inlet Outlet Emission Factor
1b/Ton
Pollutants Concentration Wet Mass Flow Concentration Wet Mass Flow |Removal
e 121 Rate 122 Rate X
gr/scf €0, ppa,, 1b/hr gr/scf co, - ppm,, 831 0p 1b/hr Inlet Outlet
0.0019 2.18 0.008?
0.0011 1.61 0.0064
Particulate . 0.0019 2.10 0.0084
0.0017 1.96 0.0079
Sulfate
507
ND, as WOy
(dry)
HC
Scrubber Liquor Analysis: Chlorides -- Specific Gravity «-

For Kern County Use Only:

Remarks f Clinker Feedrate was 250 tons/hour on 5/17 and 18]

Data mentioned in Section 4.1.21 and used in calculations in Appendix F.




TABLE A-3: SUMMARY OF SOURCE EMISSION TEST DATA

saghouse Outlet

UNIT' TESTED: Clinker Cooler 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. Ha} 26.26 26.26 26.38
stack pressure_(in. Hg) 26.25 26.25 26,36
Stack area (Ftc} 106.14 106.14 106.14
Elapsed sampling time {min} 72 72 72
volume gas sampled {dscf) 63.9903 62.1795 61.9962
F factor
GAS DATA
Average gas velocity {fps) 32.7 .8 n.z n.9
Average gas temperature (OF) 237.6 234.4 234.5 235.5
Gas flowrate (dscfm) 137895 134259, 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 ¢
EMISSION CONCENTRATION : ;
Filterable particulate (gr/dscf) 0.0018 : 0.0014 0.0014 ¢ 0.0015
Total particuiate (gr/dscf) 0.0018¢  0.0014 | 0.0019 ¢ 0.0017
Total sulfate (gr/dscf) i , ! i
03 {ppm) . ' | : ?
502 (ppm) : f i
No, {ppm) i i -
) Lt 1 H
EMISSION RATE g i 1 .
Filterable particulate (1b/hr) | 248 1.80 1 1.60 1.80
2.18 1.61 i 2.0 .90

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

$03 {1b/hr)

50> {1b/hr)

NO, {Ib/hr)

Lb/MMBtu-EMISSION FACTOR

Filterable particulate
Total particulate
Total sulfate

50,

NO,

Lb/Bb1-EMISSION FACTOR

Total particulate
Total sulfate

S0z

NO*

A-129

Data used for calculations in Appendix F.




' Excerpts from

REFERENCE 51 (SECTION 4.0)

Lehigh Portland Cement Company, Leeds, Alabama, Particulate
Compliance Test, CH,M H1l1, Montgomery, AL, October 1984,
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PARTICULATE. CMISSION -DATA CALCULATION SHEET
MONTGOMERY OFFICE '

PR . i Plane [ deslrap
gﬂwlm TR NI D 2 ofod w1 2
ax

205/634-2870
’ Samplir_i_ﬁ ‘Location W&M _

.. _LoE<cHe piL nfE

1, Calculate Stack gas velacity-- e
u ¢ 24 L- !27-.. ".- 5'25 =

L -3 ﬁp_'--EE=

3
Vg = 85.49 Cp (VEp)avg(Fi,

288080, 5220 £y

Vs = 85.49 (2.35)['1553) % :.Qg‘.‘_g‘:.v -M-'llig:
B — N Z1.895(24.B3) o

vy = _AUATSZ-  £ps . " temdemass) = L2 i

gl {sllimm gud) = !gus-
T | e P
2. Calculate volume of water vapor in gas sample-- "n'f.ﬂ?'ﬁ" n- 25%. o
mls H20 grams H30 resal partiiam © (3 GTSE erem

 Voerd * (.o_'.?;u) _(c_o_ndensne__- silica gelf
Vustd ® (0.0474)( r SS')- {0.0473) ((£25) = 6.6l cu.gr.
3. Calculate gas sample volume at standard conditions--

I
Vpgeg © (17-84)0¥,) (pb + °F

" 156
5 - . -
Vosea * (1789 @hTD (2884 F5FT) « (__)(essed - 4435 cute
= 7
528
4. Calculate percent moisture in F“ stTeam--
3 watd b.lol

ws ® "mstd + ‘wstd "AEE g ol P AZOT e 13 .

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

_ £28  P.
Qstpd - 360u(1-3"s)V3As "_s_ GS"B no
Qgypa = 3600 (1212 ) ( ST %D (5287 727 ) (2. 829, 52) cu. ft.

6. Calculate grain lozding--
grains/sdef = (15.43) (grams)/Vmstd = (15.43) (ooTed/ (.25 -_O0%A

7. Calculate mass emissjion rate--

1bs/hr = (grains/stdcf) (Qsepg) (1.43 x 10°4) :
1bs/hr = (£GYEZ1NR )(gofc.:r)(:.as x 10°4) 2”..6,*

Data mentioned in Section 4.1.22 and used for calculations _in Appendix E,
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PARTICULATE -EMISSION .DATA- CALCULATIOV SHEET.

MONTGOMERY OFFIGE

H2M N 2
208/834-287T0 _ ' Date 9/18/64- punt 3

- | H”_L L LT Samplmg Location AV,

Lce-sCHe m;u. oFe

——
- - . )

1. Cal_culate S:at.:k gas velm:itr-- T . ¥, 28, ¥ 22 --
Vg = 85.49 p)av \Jr}r ' ' .- 025
s = 83090 g—p) $1%s : " .z’_s?z:’.s.
Vg = 85.49 (2. . a
vs = __N%192, s = -8
' ':“*m-*"'..L'O_.F
2. Calculate volume of water vapor in gas sample--{| " 'l-'-‘i-d{"*‘ o 'u‘d"'”;'
mls H20 . grams H30 rorad parcoista = L0757 yram
e Vsta ® (o 0474) condensate + silica ge
Vygea = (0.04703( 11D . \S" (0.0473) (f = (.30 cu.fr.
3. Calculaste gas sample volume at standard conditions-- .
' 4H
Vogea = (17.80) (V) [Py + 1575 )
. — 9.4—
Vastd * (17'64)(44‘4‘%) (2_‘? qdr I-> o ) = ( V(L0 = 44 5 cu.fr.
<325 _
4, Calculate percent moisture in f“ stream--
" wstd - & -
Bus ™ “mstd + ‘wstd 44.5\" .30 pl2d o 2.4 .
§. Calculate stack gas volumetric flow rate, dry basis, std. conditions--
. 528 P«
Qstpd = 3600(1‘3 "V A I Z§.§! - G 5 \3‘\
Qgepa * 3600 (1~ ’7"')("-" 2A(SLRD (5287 728 ) (2 852 9.92)-____cu £t.
6. Calculate grain loading--
zrains/sdef = (15.43) (grams)/Vmstd = (15.43) (2= / (44.Sh-_C.0° 13
7. Calculate mass emission rvate--

1bs/hr = (grams/stdcf)(Q;; a)(l.43 x 107 4
1bs/hr = (. 50543) )pZIaYL.43 x 10°4) . | 25, UD]

.Data used for calculations in Appendix E.
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PARTICULATE EMISSION DATA CALCULATION SHEZET

MONTGOMERY QFFICE

C SOT SOUTH MeDONOUGH STREET Plant -C-’EHM

H2 M WMONTGOMERY, ALABAMA 38104

|
|

205/834-2670 Date 4//9/24 ron 0 F

s HILL Mo
n IL . Sampling Location :

Loesere i oFe

. Ty
1. Calculate Stack gas ve'la;:itr-- £, o IZ0m ¥,- SAS .
Vg = 85.49 ¢, (VIR)avg\F Ny 2025, 05 py -Q12
:0 "y -zﬁ%n; u.-giB_?lM;p
vy = 85.49 (2£5)(913) N 57 B, v, w2 3F
] — 299 /29 — - =0
¥y = 4%!36% fps . »p 130 .
' P g A/ P= )
2. . Calculate volume of water vapor in gas sample-- "-"l'_s?'"l'- ne 2304 e
- mls H20 grams H3z0 twtat parsivaton = JOS7D yrem
Vastd ™ (0.0474) \condensate + silica ge
Vustd ” m'“’”(ﬁ,"ﬁ)‘ (0.0474) ({465 = L4 cu.st.
3, Calculate gas sample volume at standard conditions--
AH
Vosra = (17.64) (V) (pb + I3 )
= (S2
Vased © (17‘“)@4'35‘5 (2‘1‘.‘1 Fo I58) - ¢ Y (0.0551) = 43.09 cu.fr.
S4s5 7 —_—
4. Caltulate percent moisture in § stream--
- wstd - é;a' -
Bes ™ "mstd + 'wstd 433" 694 0.3 - }4— ‘
§. Calculate stack gas volumetric flow rate, dry basis, std. conditions--
8§28 P
st.'pd - JGOO(I-BHS}VSAS fs Zs.gz é,?,é;, g Ig
Qgepg = 3600 (1-_. (4 ) (i34 (57286)(528/730) (29.8%/29.92)=___ cu.fr.
6. Calculate grain loading-- . .
grains/sdef = (15.43) (grams)/Vostd = (15.43)(105231/(4’5-00- ﬂ.Ol‘ﬁ?
7. Calculate mass emission rate--

-4
1bs/hr = (grains/stdcf}(Qsepd) (1.43 x 107 )
s/hr = (_r25(213 )(AL7)1.43 x 1074 « 1,74

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

(szM
sa HILL

MONTGOMERY OFFICE

Plant _ € HIGH

Date _9 /15/64' Run # S

Sa:uplingT Location anrrf‘./-
{O€sce il OFe '

60T SOUTH Me DONOUGH STREET
MONTGCMERY, ALABAMA BEIO4
205/834-2870

: Sanplng wasa
1. Calculate Stack gas velniltr - r.."TBO-a. Y- 551 _‘
. ' - 0.88
Vg = 85.49 C Aplavg\F Fl. -~y
s P {(VZplavy S ‘1"-;.5-7-9&715-;-
Vs = 85,49 (05 (01D \[ = .sz 5B v, A2
Vg = 49,246 fps . . b .'I-E:O e
Ayh (ailies gal) '__q_:‘
2. Calculate volume of water vapor in gas sample-- ‘“q'l_-'ﬁ':‘"l'"n'u"ﬂ
(m s H0 grams H;0 roiat purciontesn » L0455 grem
vvstd = (0 0&74) condensate + silica ge
Vusea = (0- 0"‘)( D .l_)' (° 0174y (Jak) = L 63 cu.fe.
3. Calculate gas sample volume at standard concditions--
AH
Voseg = (17.68)(V,) [Py 1‘3‘6)
{ &
Vaseg = (17.64) “=.en (7‘:14' IS 5 Y = ¢ )(D.f;‘f"‘ﬁ - A2.15 cu.it.
551 7 ——
4. Calculate percent moisture in gas stTeanm--
—rasd & 23
Bus = "mstd ¢ Vwstd 4215 0.D3 0.1215 . [4" .

5. Calculate stack gas volunetric flow Tate, dry basis, std. conditions--
Qqpng = 3600(1-B IV A, "r- S ipte ¢,119, Y63
Qqepg = 3800 (- .l4-)(-. ---r~3(519’4—’)(sza/ﬂ) (73.5%y25.92)= cu. £1.

6. Calculate grain loading--
grains/sdef = (15.43)(grams)/Vmstd = (15.43) Q#4557 (&2 1S)_O 07‘7

7. Calculate mass emission rate--

1bs/hr = (gralnslstdcf) (Qstpa) (1. &3 x 1074
1bs/hr = ¢ 5 U *,, )(avh-_)u 43 x 10- Je

‘“ns,(,s]

Data mentioned in Section 4.1.22 end used for calculations in Appendix E.
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..o+ . ~DPARTICULATE EMISSION DATA CALCULATION SIHEET
MONTGOMERY OFFICE i

' CLoM | B 7 S22
N 2 205/834-2870 _ Date qhtlﬁ"" Run ¢ |
'=Aa H"_L

Sampling Location CLiveeR Cooicr

1. Calculate Stack gas velocity-- - LA _Jamss taa
s ) f.-7~'5?:n !;- Sé% "I
Vg = 85.49 Cp (Jiplave\PHg G = T R gy + 021
01%S 74 2 2l 2237 $ i
Vg = 85.49 (-!—.v‘-) () T = ETE)) ay «(o8 dure, v, - 22505
./ Vs =, % fps . Py Sy S \
24,23 Ay np tassim mi e 12>
3 Calculate volume Of WAaTer VApOT in £as Sample--| AMe =250k am 'b‘—?h_'i‘.’.-‘-'ﬁ-“
- mls H20 - grams Hz0 ) rosat parnominn s 0 IEAT qromi

vustd = (0.0474) \condensate + silica ge

/ Vistd " (0.0474)(__15—_'_«.'_(2)- (o‘.on:). f’?.'T")m-“"-f.—‘Z'._%L:'J::':.'

3. Calculate gas sample volume at standard conditions-- .
&H :
Voceq = (17.64) (V) (pb « 3%
-Th

/ e i A 2.&/4 e ;af

Vostd = (17'643{2_-‘;"...'15 (;—quq + T35 ) = ( Y[ = foTeu it

7 —
A=
4. Calcuylate percent moisture in gas stream--
. " wstd - 'nze? - .

/_ Bus ™ "nstd ¢ ‘wstd 2685, 29 AT . 4.7 .

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

528 Pe Yool 76|
Uepa = 3600(1-B, IVA, T 3T ;"-.‘-:’?i
/Qstpd = 3600 (1- -047){—3—.‘-.”-%'-?,(ée.mznszs/"?_’-;‘f)(Ee.fa'-.%zs.s,:)- cu.ft. /i
251,73 Btm, —_—

6. Calculate grain loading-- |

crains/sdef = (15.43) (grans)/Vmstd = (15.43) (QUSn/ (L Sh-_2.012

7. Calqulate mass emission rate-«

: -4
1bs/hr = (grains/stdcf)(Qerpg) (1.43 x 107 ) —-—
1bs/hr = (55_5_-.4521 )(q,l.'lfl_)u.as x 1074) - H/- ~

6 G'—)G' ._'rv———-
"’D (] 9.,1,- - . q3n8> h\-

Data mentioned fn Section 2.1.22 and used in calculations in Annendix F
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" PARTICULATE EMISSION DATA CA.LCULATION _SHEET

MONTGOMERY OFFICE

| l 907 SOUTH Me DONCUGH STREET Plant ]3-!/1 A
’ 2 MCNTGOMERY, ALABAMA 38104 -

. 205/834-20T0 Date 9{= ]‘3'( run t ={4)
IH"_L Sampling Locatien Cl-..:kér- .
CADIg/ ' ] .
. ' TR T _
1. Calculate Stack gas velo:itr- - !'3:_1:;".. $57 .
' ' . . 'k HIT) gy * r"f’u‘
e T M Vo
Vg w8549 (D) (M) <7 S DS
(easwY 27.003) A it
Vs = 3C.\8%  fps : = . an
: : a8 nu.q._’;};u- 1.5
a
2. Calculate volume of water vapor in gas saple-- ul) e Dtarr P o
nls Hz0 - grams Hz0 youad porimism o O 1OTH rum
vﬂstd = {0. 0474) condensate + silica ge i
Vyseq * (0-08783(__{O .Bf)- (a 0473) (23 1") s e A eulge, T
3. Calculate .gas sarple volume at standard conditions-- . .
4H
Vogeq = (37-64)0(V)) (?b + I35 )
Ta 14y
1 .
Vosed (17.647 (3467 (u.fer_, I35 ) = (0 L0 = AGPcu. s
556 —
4. Calculate percent moisture in gas stream--
- wstd 11 -
Bws * Snstd + vwstd 1!1‘.:{—-; foit 005 7 a 2.6 R
§. Calculate stack gas velumetric flow rate, dry basis, std. conditions--
528 Pe
Qstpd = 3600(1-3, )V A, Ts 25.92 : 5. |qilq—7‘
Qrpa = 3600 (1-:036) (i3 (,L-d_ﬁ}(szsl SO L QA T -**’*“'29 92)s___ cu.fr./
6. Calculate grain loading-- '
grains/sdcf = (15.43)(grams)/Vmstd = (15.43) (22%)/ (359N 00574
7. Calculate mass emission Tate--

Data mentioned in Section 4.1.22 and used for calculations in Appendix F.

1bs/ht = (grains/stdcf) (Qsrpq) (1.43 x 1074
1bs/hr = ( 11571 A 3 ( * p_)(l 43 x 10° 4) - 2%, g2~
. 5.1'-!11‘171
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PARTICULATE EMISSION DATA CALCULATICN LI 3

MONTGOHERY OFFICE

CHZM 807 LOUTM McDONOUGH STREET Plant CEH/&H

C SRS e Q/2)8F e 1 R
HH"_L . o . Sampling Locatien Canize CouLee.
1. Calculate Stack gas vela:ity-- L -332-.!’ 55 :
Vg v 85.49 Cp (Jé;‘)avg . 9-i=z‘:24‘fm Q.54 ]
32. ‘ZLigén'ﬂ:yi_J"“'"
V, = §5.49 (1% )(chh 28.00% . a IY-X -L‘,n.,v -§‘577ﬁ.,u..
Vg = =50 fps 20 (mmdnnsanat = 1207 et
59,0 13 -,num-gu-_Lz_p-
2. Calculate volume oif water vapor in gas sample--| 4 -L_J--p-mg117‘;.r
. (nls H;0o . grams Ha0 ronat parvsnion o 2 1310 gru
V“td = (0.0474)} \condensate + silica ge : -
T Ve e (00a73( IS TSTIZY Tblesrdy (22w 28 cu.fr.
std v 7 -
3. Calculate gas sanple volume at standartd conditions--
. ‘ . T :
‘ Vogeg = (17.683(v) [Py + 1378
L.DZ
Vpgeg * (17.64) (35720 (4‘! G - —r—s—' } - ¢ Y05ty = 3410 cu.gx.
S5s :
4. Calculate percent moisture in gas streanm--
wstd : 12 -
Bes ™ "mstd + ‘wstd 54.(0 X 0. 557— 3(’ .
§, Calculate stack gas volumetric flow rate, dry basis, std. conditions--
: 528 Pe
Qstpd = 5600(1-B, \V Ag I 15.92 14&4;44&5
Qeog = 3600 (1-, 936 )r“‘ci(éé“"h(sza/_ﬂ;az) (269%29.97)_____ cu.ft
39.023 $,3%79 L3
6. Calculate grain loading--
grains/sdcf = (15.43) (grams]/vmstd = (15.43) G-E‘D)I(m'_mq
7. Calculate mass emission rate--

1bs/hr = (grains/stéct) (Q"‘Ead) (1.43 x 10 ‘) A
Ibs/hr = ( FEEATT ) (0.0715)(1.43 x 10°9) = ===
r—————

Data mentioned in Section 4.1.22 and used for calculations 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-
ston, Irvine, CA, December 1984.
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SECTION 2.0

SUMMARY OF TEST RESULTS

The results of the particuiate erission ecompliance test confucted on
the kiln exhaust stack of Lehigh's Ce.mentnn facility in Cementon, New York,
are presented in Table 2~1. This data represents the emission level of the
‘%iln exhaust stack while firing pulverized coal’to produce approx.imately_

1500 tons per day of Portland cemrnt. The applicable emissions limitation for
¢his facility is 0.05 grains per dry standard cubic foot.

TABLE 2-1. PARTICULATE EMISSIONS RESULTS:

) ) Farticulate Brigeions
Date - Test No. Tiwe Period (hr} Gr/DSCF*  lb/hr**

11/8/84 1¢ Comp 1 1525 - 1657 . 0,009 8.5
11/9/84 LC Comp 2 1316 - 1428 0.010 8.6
11/9/84 1C Comp 3 _ 1610 - 1722 0.013 12.0
AVERASE ] 0.011 'K

'Stardard conditions 68°F amd 29.92 in Hg at stack oxygen level
*t3ased on stack velocity method cf analysis

The emissions levels in Table 2-1 were computed through XVE's Emission
Data Reduction Computer Program {See Appendix A ard H) which is in accordance
with the appropriate EPA methods. The raw test data taken during each test
appears in Apperdix B. .

A representative of the NYS ’DEC Region IV was present at the test site
_Quring the fnitial compliance testing day and was fully cognizant 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
l corgliance test filters are being preserved and are available for inspection
bY the RYS DEC upon request.

2-1 KVE?1-71500-2007 D304

. Data mentioned in Section 4.1.23 and used for calculations in Appendix E.
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Data used for calculations in Apoendix E.

KJE, INC. 1600é SKYPARK BLVD. IRVINE, C.A.

%2714

(714) 250-4200

sespsesss  PARTICULATE EMIESSIONS DATA REDUCTION PROGRAM #xssasxsss

COMPANY = LEKWIGH PORTLAND CEMENT
LOCATION = CEMENTON NY

UNITC(E) - KILN EXHAUST STACK
TEST DATE - 11-B-B4

TEST ND. - CCMPLIANCE 1}

TEET EITE - §7ALK

EF¥RNENFRERARRNER  FUEL ANALYSIS SS83rasdasisuszasa

2COAL® ~ PCT BY WT
CARBON 69.39
HYDROGEN 4,73
SULFUR 2.66
DX YGEN 5.61
NiTROGEN 1.2¢
ACH 16.15

HIGH REATING VALUE{ETU/LE)
EFA ‘F FALTOR (DECF/METL)

HMOL

ES/LB-FUEL
5.783¢(~-D2)
4,730(~-02)
B-\.o 3('04)
1.814¢=-02)
4.%500¢-08)

12¢604.00
$702.0

EEFNErEA a2 EF2  QDRCAT ANALYEIS SRS ESRERNERaNsaRs

CARED DIOX]DE
OxXYGEN

CAREON MONOXIDE
NITROUGEN

WATER

PCT

BY VOLIME
14.10
B.00
.02
47.42
28,26

ssnrrsersunnnnans TECT CONDITIDNS SFSssasanarRssssy

KILN FEED(GPM)
TOTAL HEAT INPUT(XETU/HR)
FUEL FLOWCLE/HR)
BSROMETRIC PRESSURECIN. HEB)
STACK GAS STATIC PRESSC(IN H20)
NOZZLE DIAMETER(IN) .
PITOT TUSE COEFFICIENT -~

DUCT AREA AT SAMPLING PLANE(SQ. FT)
PROBE LENGTH (FT)

PROBE MATERIAL

423541.6
33400.0
2%.85
=-0.355
0.374
D.840
122.7
14.0
INCONEL

aprsssurniatir® FLUE GAS PARAMETERS SEsasssNEsdsaEn

MOLECULAR WEIGHT DRY(COHBINED)

HMOLECULAR WEIGKT WET(COMEINED)

MOLECULRR WE)GHT DRY(ORSAT)

MOLECULAR WEIGHT WET(DRSAT)

PERECENT ™MO!STURE(MEASURED)

ACFM AT GAMPLING PLANE BASED ON:
FUEL FLOW AND COMEBUSTION CHEMISTRY
STACK VELDCITY
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31.40
22.7¢
22.04
28.07
2B.24

19274%.2
237043.9
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Data used for calculations in Aopendix E.

KVE, INC. 1BOUS SKYPARK BLUD. IRVINE, C.A. 92714

axansenss  PARTICULATE EMISSIONE DATA REDUCTION P

coMPANY - LEX:IGH CEM COMF2

LOCATION = CEMENTON NY

INITCS) - KILN EXHAUST STACK

TEST DATE -~ 11-%-B4

TEST NO. = COMPLIANCE 3

TEST €1TE - STACK

ExvasaeErrzasarns FUEL ANALYEIS sssxxsvy
*C0AL® _PCT BY MT MOL
CARSDN 70.468

HYDEOGEN 4,82

SULFUR 2.40

OxYBEN 5.53

N1TROGEN 1.30

ASH 15.2¢

MIGH MHEATING VALUECETU/LBE)

EFA “F FACTOR‘(DSCFA/METLD

apxrsnavansanssr  DREAT ANALYEIS #essssas

(714) 258-4200

ROGRAM Sxusavxas

HEARBEFEER

/LB-FUEL
BFO<-02)
a,e20(=02)
7.500(-04)
1.728(-03)
4.643¢(-04)

1
5.

12812.00
$727.0

EFERALRRRRY

PCT BY VOLLME

CARRON DICXIDE 16.10
OXYGEN 7.%50
CarEQN MONOXIDE 0.03
NITROGEN 44.2?
WATER 30.10
FEEAxrnnnEnxenns TEST CONDITIDNE Saassisiaiaasnss

KILN FEED(GPM)

TCTAL HEAT INFUT(KETU/HR) 420223.4
FUEL FLOW(LB./HR) 32800.0
B&RDHETRIC PRESSURE{IN, HE) 29.7%
STACK GaS STATIC PRESSCIN H2D) -0.80
NOZ2LE DIAMETERCIND 0.374
PITOT TUBE COEFFICIENT 0.840
DULT AREA AT SAMPLING PLANE(SO, FT) 122.7
PRIBE LENGTH (FT) 14.0
PROEE MATERIAL INCONEL
wasapansrnrrune FLUE GAS PARAMETERS #5rssssspaissas
MOLECULAR WEIGHT DRY(COMBINED) 31.%8
MOLECULAR WEIGHT WET{COMEINED) 27 .49
MOLECULAR WEIGHT DRY{(DRS5AT) 32.1%
MOLECULAR WEIGHT WETC(OREAT) 27.87
FERZCENT MDISTURE{MEASURED) 30.10
ACFM AT SAMPLING PLANE BatSED ON:

FUEL FLOW AND COMBUSTION CHEMISTEY 12E€1%4.5

STaCK VELDCITY 2430E7 .8
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Data used for calculations in Appendix E.
KUB, INC. 18006 SKYPARK BLUD. IRVINE, C.A. 92714 (714> 250~4200

sxexaspss  PARTICULATE EMIESIONS DATA REDUCTION PROGRAM wEEEPEER

COYPANTY = LEWIGH PORTLAND CEMENT
LOCATION - CEMENTON NY

UNIT(S? = KILN EXMAUST STAELK
TEST DRTE - 11-9-B4

TEST NO. =~ COMPLIANCE 2

TEST SITE - STACK

EAFRNETARannnnrwd  FUEL ANALYSIS RERSZRassusnsssssd

*C0ALH PCT BY WT MOLES/LB-FUEL
CARBON 70.68 S.68%0(-02)
HYDROGEN 4.83 4.B30(-02)
SULFUR 2.40 7.5000-04)
DXYGEN 5.53 1.728(-03)
NITROGEN 1.30 .. 4.643(-04)
ASH : 15.24

HIGH KEATING WALUE(ETU/LE) 12012.00

EPA ‘F FACTOR’ (DSCF/METLY $727.0

EARINEREEASRNEEN CRSAT ANALYSIS Erssastaisssnszsas

FCT BY VDLWME

£4RBON DICXIDE 14.30
OXYGEN ' 7.0
CaARED MONOXIDE p.07
NITROGEN ‘ 48.03
WATER 2¥.80

FRESBEFEF e aned®  TEST CONDITIONS SEasussasdnsrasas

KILN FEED(GPM)
TOTAL HEAT INPUT(KBTU/HR) 420233, 8
FUEL FLOWCLE/HR) 32800.0
BAROMETRIC PRESSURECIN. HG) 29.79
ETACK BAS STATIC PRESSCIN H20) -6.70
NOZZLE DIAMETERCIND 0.376
P1T0T TUBE COSFFICIENT c.840
DUCT AREA AT SAMPLING PLANECSG. FT) 122.7
PROBZ LENGTH (FT) 14.0
PROBE MATERIAL INCONEL

EEFRERNEERRERD FL!..IE GAS PARAMETERS #ssusssdanzsans

MOLECULAR WEIGHT DRY(COMEINED) 31.00
MOLECULAR WEIGHT WET(COMEINED) 27.)2
MOLECULAR WEQGHT DRY(DRSAT) 31.70
MOLEZULAR WEIGHT WET(ORSAT) 27.82
PERCENT MOISTURE(MEASURED? 29.80
ACFM AT SAMPLING PLANE BASED DNi

FUEL FLOW AND COMBUSTION CHEMISTRY 175733.0

STATK VELDLITY 2234£3.0
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Excerpts from

REFERENCE 53 (SECTION 4.0)

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

Annual Compliance Test, Report P35-85-469/Project 5451-85, Pape
and Steiner tnvironmental Services, Bakersfield, CA, May 1985.
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SUMMARY OF SOURCE TEST RESULTS

I61~v

Company CalMat Company Tost Date __05/13/85_ APCD No. _ 1003026A Unit No. Kiln
Emissions
Inlet Qutlet Emis]sbi,mc or
Pollutants Concentration Wet Mass Flow Cancentration Wet Mass Flow |Removal
P 12% Rate e 12% Rate 4
gr/scf co, ppm,, b/hr gr/scf co, ppm,, @ 31 0; 1b/hr Inlet Qutlet
Particulate | 00031 5.06 0.0
' N.0029 5.00
(.0005 0.76
0.000] 0.45
Sulfate - 0.0605 0.86
0.0004 0.72
.6 2.
12:83 149
507 16.90 34.57
' 16.4f 33.93
367,50 . .
0, 35 10, W R
{dry) 3943 : :
892.39 638.57 535.27
2. .70 1.3 .93
§:63013: 88 8:83/8:48
HC {C1,>Cj) 2.26/15.06 1.06/7,08
' 2.25/17.04 1.07/8.10
Scrubber Liquor Analysis: Chlorides -- E Specific Gravity --

For Kern County Use Only: .

Remarks CO (ppm, dry)
{tb/hr)

non

179.17, 181.00, 194.67; Average 184.95 ' s K :
149.73. 150.56. 160.24; Average 153.51 Test 1, 2, 3 g2l16.0 TPH

» » ‘, :
ata mentioned in Section 4.1.22 and used for calculations in, Appendix E.




Z61-v

SUMMARY OF SOURCE TEST RESULTS

Company _ CalMat Company Test Date _ 05/15/85_ APCD No. _ 1003027A Unit No, __ Clinker
Emissions Emtssion F
Pollutants Concentration Wet Mass Flow. Concentration Het Mass Flow |Removal
e 12% Rate @ 12% Rate T
gr/scf c0, ppm,, 1b/hr gr/scf c0, ppm, @310 1b/hr Inlet Qutlet
0.0024 2.66 ) . 0.0200
. 2. .0200
Particulate 8.8853 2.9? 8.81 3!
0.0024 2.66 .01
Sulfate
50
NO, as NO»
X
(dry)
HC
Scrubber Liquor Analysis: Chlorides -- Specific Gravity --

Aemarks

Test 1
Test 2
Test 3

132.78 TPH
130.92 TPH
136.68 TPH

For Kera County Use Only:

Data mentioned in Section 4.1.24 and used for calculation in Appendix F.
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.Pape & Steiner Environmental Services

Pape & Sreiner " TEST 4,73
e ee—
_ 7 LOCATION _ AZ/
_ EMISSION RATE DATA -- 68°F
Standard Temperature, St = 68°F; 29.92 inches Hg .
XEQ FF . o
‘XEQ RAT Test 1 - Test 2 Test 3 "~ ~'Average
ENTER: R-17 Vo ooy~ ~ ZE5 8890 #5.44v¥ &5.3/77 T
- 'R-26 Q | Ll63762  Ar637.62 (BBTST25
R-22 0,% 295 £20:0 975
LAB DATA S a—
Front Half Wash - (g) O- 00707 0. 00vY7? O 0638
Mass Filter - (g) O. D7 __D.ACOR 00077 _
Back Half Catch  {g) 0. 02ET 0. 00/3Y  _ O-COZB ;
Front Half : . e
‘Sulfate (mg HyS0,) " o4F T oRY¥ T o0 U T
Back Half
Sulfate {mg H2504) /.07 057 756
HZOZ Catch (mg HZSO4) BreY | Go.AY L P5, 79
RESULTS . , -
F-Factor , 1 :
Filt. Particulate gr/dscf 6 0.pR6  O.O0/S  _0.002¥ _ D.00RR
Filt. Particulate 1b/hr 7_#.20 2.53 2.9
Tota) Particulate gr/dscf B_L.0n36 00020  _po03 o3/
Total Particulate Ib/hr 10 £, 88 _3.27 5. 86 -5.00
Total Sulfate gridsef 11_o0.cvms’ _0Q.0003 OLYNS <. Co0Y
Total Sulfate Ib/he 13 _o.86  O0.¥5 0.£6 0.72
504 ppm 14 o2 o./ 03 o-2
50, 1b/he 15_ 0.8 &, 36 0. 20 ©.¥8
502 ppm 16__ /.97 R3S B.aY /2. 8%
50, 1b/hr 17 _R2,47 3492 2957 23.93%
S0, . e 0, 182775 22,92 22,45 0L
SDZ 1b/MMBtu
S 1b/MMBtu

Filt, Particulate 1b/MMBtu

Data used for calculations in,Appendix E.
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Pape & Steiner Environmental Services : TEST / 2, 3

PRl .
e : LOCATION _ Chnher
EMISSION RATE DATA -- 68%F
Standard Temperature, St = 68°F; 29.92 inches Hg
XEQ FF
- XEQ RAT Test 1 Test 2 Test 3 Average
ENTER: R-17 Vo (44 £5.0/82 _&6.9656¥ &4 638/
R-26 Q /RI535. 52 1300050 _[33¢20.76
R-22 0% 20.7 0.9 A0.9
LAB DATA .
Front Half Wash  (g) OO D.009E D 00933
Mass Filter ~{g9) L 00S | 20032 O o057
Back Half Catch  (g) 0.0 D00 0. X0
Front Half
Suifate {mg H2$04)
Back Half

Sulfate {mg H2504)
H,0, Catch (mg H2504)

272

RESULTS

F-Factor 1

Filt. Particulate gr/dscf 6 &.002Y _C.-0033  _02.002¥% _o&.Nn2Y
Filt. Particulate Ib/hr  7_ 246  2.€2 2. | 2.46

Total Particulate gr/dsef B 2 P0RY O.002Y _D.00R2Y  _ 2.RY
Total Particulate 1b/hr W_2s6 _2.¢e2 220 2.6

Total Sulfate gr/dscf 11
Total Sulfate ib/hr 13

503 ppm 14

503 1b/hr 15

SD2 ppm 16
. 502 1b/hr 17

502 @3 02 18

S0, 1b/MMBtu

S 1b/MMBtu

Filt. Particulate 1b/MMBtuy

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
_Particuiate, S0,, NOX, and Visible Emissions, Report 8l0-5, Kiln

No. 3, South Florida Environmental Services, Inc., West Paim
Beach, FL, August 1985.
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. IV. SUMMARY OF RESULTS
REPORT £10-5

PARTICULATE
Emission ﬁate
Run Ibs./hr.
1 17.25
2 19.97
3 22.4%7

- e e T M A W e v e M i e - ————

Emission Rate

Pun lbs. /hr.
1 380.86 '
2 367.01
3 393.62
Average 3E0.50

OX1DES OF NITROGEN

ESESESRESERE=EE CTE =SS SCTEESTSERESE=EE=ZE=E=ZSCD

Emission Rate

Run l1bs./hr. lbs./hr.

1 548.53 586.95

2 592.98 586.95

3 601.61 586.95
Average 581.04 586.95
============================'—"‘-’==================================
OPACITY

Emission Rate Allowable Emissions

0% < 20%

- -

Allowable Emission Rate
lbs. /hr.

A e "

Allowable Emisison Rate

i1bs./hr.

- - - - -

- ———— >

Allowable Emission Rate

‘Data mentioned in Section 4.1.25 and used for calculations in Appendix E.
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