Note: This is a reference cited in AP 42, Compilation of Air Pollutant Emission Factors, Volume I
Stationary Point and Area Sources. AP42 is located on the EPA web site at www.epa.gov/ttn/
chief/ap42/

The file name refers to the reference number, the AP42 chapter and section. The file name - T
"ref02_c01s02.pdf" would mean the reference is from AP42 chapter 1 section 2. The reference EPA 600/7 86-031
may be from a previous version of the section and no longer cited. The primary source should September 1986
always be checked.

LIME AND CEMENT INDUSTRY PARTICULATE EMISSIONS: SOURCE CATEGORY REPORT
VOLUME I. LIME INDUSTRY

by

John S, Kinsey
Midwest Research Institute
425 Volker Boulevard
Kansas City, Missouri 64110

EPA Contract No. 68-02-3999
Technical Directive No. 3

EPA Project Officer: Dale L. Harmon
Air and Energy Engineering Research Laboratory
Research Triangle Park, North Carolina 27711

Prepared for:

U.S. Environmental Protection Agency
Office of Research and Development
Washington, D.C. 20460



EPA
Text Box
Note: This is a reference cited in AP 42, Compilation of Air Pollutant Emission Factors, Volume I Stationary Point and Area Sources.  AP42 is located on the EPA web site at www.epa.gov/ttn/chief/ap42/

The file name refers to the reference number, the AP42 chapter and section.  The file name "ref02_c01s02.pdf" would mean the reference is from AP42 chapter 1 section 2.  The reference may be from a previous version of the section and no longer cited.  The primary source should always be checked.



PREFACE

This report was prepared by Midwest Research Institute (MRI) for the
Environmental Protection Agency's (EPA's) Air and Energy Engineering Re-
search Laboratory under EPA Contract No. 68-02-3999, Work Assignment No. 3.
Dale Harmon was the Project Officer for this study. The work was per-
formed in MRI's Air Quality Assessment Section ( Chatten Cowherd, Head).
John Kinsey was the author of the report. Gregory Muleski was
responsible for the computer software used in the study, and Julia
Poythress was involved in data compilation and analysis.

Volume I of the report contains the information related to the lime

industry. Volume II contains the information related to the portland
cement industry.
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SECTION 1.0

INTRODUCTION

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

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

This report reviews the existing particulate emission factor data base

for lime plants, evaluates the available data and provides a revised AP-42
Section (8.15) for this industry. Included in the revised Section 8.15 are
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size-specific particulate emission factors for lime plants as derived from
best available data.

This report is organized by section as follows:

Section 2.0 - Industry Description

Section 3.0 - General Data Review and Apalysis Procedures
Section 4.0
Section 5.0

Particulate Emission Factor Development
Proposed AP-42 Section 8.15
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SECTION 2.0

LIME INDUSTRY DESCRIPTION

2.1 INTRODUCTION AND INDUSTRY OVERVIEW

Lime is made by calcining limestone which contains more than 50% cal-
cium carbonate. The raw stone is subjected to temperatures of about 1090°C
(2000°F) and the carbonate breaks down chemically to release carbon dioxide.?!
The finished product, basically calcium oxide (CaQ), is commonly called
burnt lime, quench lime, or quicklime.

The term "Time" also has a broad connotation and is frequently employed
in referring to limestone. According to precise definition, 1ime can only
be a burned form: quicklime, hydrated lime, or hydraulic 1ime. Essentially,
these products are oxides or hydroxides of calcium and magnesium, except
hydraulic types in which the Ca0 and Mg0 are chemically combined with vari-
ous impurities. In hydrated lime, the oxide is converted into a hydroxide
by a process called slaking. Slaking involves an exothermic reaction in
which water chemically combines with the lime. The reversible reactions
for both high calcium and dolomitic types arel:

Quicklime

CaC0, + heat < Ca0 + CO,
high calcium high calcium

1imestone quicklime
CaC0, -MgCO, + heat < Ca0-Mg0 + 2C0,
dolomitic dolomitic
1imestone quicklime




Hydrated lime

Ca0 + H,0 ¢ Ca(OH), + heat
high calcium quicklime high calcium hydrate

Ca0-Mg0 + H,0 ¥ Ca(OH),-Mg0 + heat
dolomitic quicklime dolomitic hydrate

Ca0-Mg0 + 2H,0 < Ca(OH),-Mg(OH), + heat
dolomitic quicklime dolomitic hydrate

Calcining at about 1090°C (2000°F) produces a soft, porous lime which .
is highly chemically reactive. Heating beyond this stage can result in
lumps of inert, semivitrified material. This is known as "over-burned" or
"dead burned" 1ime. This low reactive material is often used in the manu-
facture of refractory materials. If the raw material is not calcined suf-
ficiently, Tumps of calcium carbonate are left in the finished product which
is referred to as "underburned" lime.

Most of the Time produced in the United States is in the form of quick-
lime with the primary use being in BOF steel making furnaces.2? Table 2-1
shows the amount of each type of 1ime produced during 1980 with its eventual
end uses shown in Table 2-2.2

TABLE 2-1. AMOUNT OF LIME SOLD OR USED BY
PRODUCERS IN 19802

Amount?

Type of lime 10® short tons 10% Mg
Quicklime 15,972 14,487
Hydrated 1ime 2,544 2,307
Dead-burned dolomite 494 448

Total 19,010 17,242

Source: U.S. Bureau of Mines, Minearals Yearbook 1980,
U.S5. Government Printing Office, Washington,
D.C., 1981.

& 1 short ton = 2,000 1b; 1 Mg = 1 metric ton = 106 g -
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- TABLE 2-2. LIME SOLD OR USED 8Y PRODUCERS IN 19e0?

so1d Usea Total?
0™ Short 17 Metric 107 Short 107 Wetric 107 Short 10% Metric
Use tons tons tons tons toans tons (Mg)
Agricul twre 79 72 - - be] 72
Construction
Road stabilization 554 502 - - 554 502
Soil stabilization 170 154 - - 170 154
Meson's 1iee 288 %1 40 36 3287 297
Finfehing Vime 9 1] - - 99 90
Other construction uses 16 15 27 24 44 40
Total® 11z 1,02 &8 62 1194 1,083
Chesical and industrial
Steel, BOF 4,409 1.9 1,481 1,307 5,850 5,306
water purification 1,487 1,349 9 8 1,496 1,357
Alkalies 6 5 1,167 1,058 1,173 1.064
Paper and pulp 1,039 M2 116 105 1,156 1,048
Sugar refining 58 53 909 823 967 an
treatmant 848 769 12 u 860 780
Steel, electric 755 685 k) E) S 789 716 |
Sulfur removal 743 674 - - 743 874 |
Copper ore comcentration a0 308 318 288 658 597
Magnesia from seamater or brine v v v w 648 588
Steel, open hearth S64 512 k-] k) 602 546
Acid mine watar 418 380 70 &3 490 484
Aluminus st baenita 160 145 114 103 275 249
Mggresiue petal 1] 1] v L] 187 170
Calcium cardide 121 10 63 57 185 168
Glass 1580 163 - - 180 163
Precipitated calcium carbonate 65 59 47 43 112 102 .
Fetrochemicals 99 90 - - %9 20
Petroleun refining 59 54 - - 29 54
0il well drilling 39 a5 - - 38 35
Food products 37 E - - 37 34
Metallurgy, other i 28 4 4 35 32
Gi1 ana grease 32 2 - - 22 29 |
Tanming F ) 25 - - 28 25 |
Ore concentration, other 18 16 - - 18 16
Vire drawing B 12 - - 13 2 |
Brick, sand=1fme 6 5 - - 6 3
Fertilizer 5 5 - - 5 ]
Insecticices 3 3 - - 3 3
Paint 2 2 - - 2 2
Caleium silicata - - - - - -
Gelatin - - - - - -
Rinber W W W W v L]
Other uses GAS sas ] 648 523 474
totar® wm 11,075 5,059 4,589 17,269 15,663
Gefractory dolawits 420 381 75 68 L) 448
Grand wtallb 13,836 12,549 5,201 4,717 19,037 17.267

W - Witheeld to avoid disclosing company propriqtary data; included in "Other uses.®
Exclutes regeperated 1ime. Includes Puerts Rico. Reference 2,

Data mey Aot add to totals shows because of fndependent rounding.

Includes romd stabilization (1979).

Includes chrame, coke and ges, explosives, sanganese (1980), silica brick, other uses, and uses indicated by
symbol W,
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(:ﬁagﬁng 1980, more_than 17 million metric ton§7(19 million short tons)

e -

of limé was produced in the United States at 153 plants.2 Utilizing the
latest information available (1974), the location of the various lime plants
throughout the United States is shown on Figure 2-1 with a listing of each
plant provided in Table 2-3.3 As can be seen from the data contained in
Table 2-3, a net decrease of 12 plants has occurred in the 6 year period
between 1974 and 1980 with an overall drop in production of approximately
2.4 million metric tons (2.6 million short tons).3

Table 2-4 shows the distribution of lime production by size of plant
during 1980. These data indicate that most plants fall within the 23,000
to 45,000 metric ton (25,000 to 50,000 short tons) capacity range with the
majority of the lime being produced by Targer plants with capacities ranging
from 181,000 to 363,000 metric tons (200,000 to 400,000 short tons).

2.2 RAW MATERIAL

Bedded deposits of limestone and dolomite rock used in manufacturing
lime are generally obtained from open pit quarries and underground mines by
conventional methods. Limestone is a sedimentary rock composed of calcium
carbonate (CaC0,). Dolomite or dolomitic limestone contains magnesium as
well as calcium. Although limestone deposits are found in_every state in
the United States-only-a-small-portion is pure.enough for industrial 1ime
manufacture. In general, quarries are selected to furnish rock containing

Tow percentages of alumina, silica, clay, or iron oxide. Lime manufacture
requires stone of definite size ranges depending on the type of kiln used.

A small percentage (approximately 8%) of lime is manufactured from
sea shells.3 Qyster and clam shells are the remains of marine animais,
consisting mostly of calcium carbonate. These shells are concentrated in
reefs along certain coastal areas, particularly along the Gulf Coast. Shell
is usually recovered by conventional dredging and washing operations.

2-4




*$3115 patiun ayl uy sjue|d swp| so uolIngluaisip [ediydeaboay

*l-2 adnuly
]
031y openy
(r
Y,
13/ {1IDMDH
L4
(YT o
e of
TIC  evsB 9
82z IS g2
[ ]
IE® ot *yz &9
b %z
808 ¢ ﬂ
wog®* 78 VI
" NG i Q F
S5 fYore,
¢ v § 2o Zf
tZell £ Mo_v
. . L *ve
) av..:....... ppeeee ) i e H W dor &
ui.u.....av wrowt %8 Qre L] .
b «0L . oo bl e 3L Lr
x5y T8 e b o P—
. - re
o oo g9 YOI g 6 S0v . Ho
arg g5 L H woL B¢
04 voE o Sr e
1o Fi] v l® x.m-.m!: . L ﬂvn.
8E ® cradp e *J8E ot
o o o JiB wige s BCe e L
. Lie, qmw no. mm 8t 38C 90T poryy s Y,
e 88 vz ats | 16 9
1 _ HBC
£L mﬂxsm_ ol¥ Cra m.N . oﬂm_ -ﬁ.ﬂ..ﬁ. 366 [H ogpe = [*VOr - qaore
I v o gryzs\IrEL il R "
~ Rz_: Sy, s e 5. i
e : \..\ AR 7 pe ose Ior * o o v e
el 1. wwn 3 e LU we * fo of5
vrs ¢ tumt
L ]
s B az L. \\ .u ._..n......... T
L]
- ﬁtao LY s o oc
= | . . vie 001 gouyy,
? aee *O0r aee
) .
.n).( P wonien § ¢ 9 0N b e o 20* 2
L b T ™
wort -
/
N N

2-5




TABLE 2-3.

OWNERSHIP AND LOCATION OF LIME PLANTS IN THE UNITED STATES (1974)3

Map ID Ne.
(Figure 2-1)

Company

City or County, and State

Type of aperation®

1A

2 A
B

B W

Om> monN o3 onm > o>

o>

w»

21

Alabaster Lime Company
Allied Chemica)l Corporation

Allied Proguct Company
Aluninen Company of America

Amalgamated Sugar Company

Amgrican Crystal Sugar Company

Apstar Corporation

The Anaconda Company
Armco Steel Company
Ash Grove Cement Company

Austin White Lime Comparny
J. E. Baker Company

5. W, Barrick & Sons, Inc.
BASF Wyandotte [orporation
Basie, Inec.

Basic Magnesia, Inc.

Battery Park Fish and Oyster
Corporation

Bethishem Stee) Corporation

Black River Mining Company

Bowaters Southern Paper
Corporation

CF &1 Stesl Corporation

S1uria, Alabama

East Baton Rouge, Co., Louisiana
Onondaga Co., New York

Montevaile, Alabama

Saline Co., Arkansas
Cathoun Co., Texas

Canyon Co,, Idaho
Maiheur Co., Oregon
Minidoka Co., Idaho

Twin Falls Co., ldaho
Clay Co., Minnesota
Otero Co., GColorade
Pembina Co., Nerth Dakota
Polk Co., Minnesota

Yele Co., California
Maricopa Co., Arizona
Monterey Co., California
Yolo Co., California
Anaconda, Montana

Harris Co., Texas

Greene Co., Missouri
Multnomah Co., Dregon

Travis Co., Texas

Sandusky Co., Ohio
York, Pennsylvania

Frederick Co., Maryland
Wayne Co., Michigan
Senaca Co., Ohio

Port 5t. Joe, Florida
Louisa Co,, Virginia
Adams Co., Pennsylvania
Erie Co., New York
Lebanon Co., Pennsylvania
Butler, Kentucky

MeMinn Co., Tennessee
Pusblo, Colorado

(continued)
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Lime kiln ang plant

Quarry and plant
Plant

Plant
Plant

Plant

Quicklime, shaft kilns

Quicklime, shaft kiins

Shaft kilp

Two plants, quicklime, shaft kiins
Shaft kiln

Shaft and rotary kilns
$haft and rotary kilns
PMant
Plant

Plant
Plant

Plant

Plant
Plant

Plant
Quickiime, nine shaft kilns
Plant
Plant

Quarry
Plant
Plant

Natural=-fregquency-vibrating kiln
plant




TABLE 2-3 (contimmd)

Wap I Bo
(Figore 2-1)

City or Coumty, aog State

Tyte of operation®

t- ¥
[}

o2

$ B KB 8 BB 3 N
mmeEAm B o= >

8 9 ¥ B

FRLsEDTImMONnD >

Champion Letarestions]

Chmgtone Corporation
Chemay Lisa and Cement Company
€ L W Corparyrion

Corctum, loc.

6 &V N Corson, Inc.
Cuywings Line Company
Diamond Shamrock Comperry
Diamwn) Springs Lime Compumy
Dixie Lime and Store Company
Bomtar Cmicalt, Inc.

Dow Cremical, U.5.A

The Flisteots Compasry

v. 5. Frwy Compeny, Inc.
Gaspro, Lo

Gerwry Valley Lisestome Company
Graar Westers Unitad Corporation

Hawniign Commercial ma Suger
Lta,

Harris Co., Texss
Mernpndy (5., Florida
Shenamcoan Co., Virglois
Skelty Co., Alabmas
Bowglas Co., Wiscomsin

Jacsgos Co., Miscinsippi
Fomgosery Co., Pemstylivania
Cuyabopa Co.. Obio

Lake Co. , (mio

€1 Dorado Co.. Californis
Semterville. Florida

Pieree Co., Washington
Grazoris Co., Texas

Mason o, , Mchigan

Clart Co. , Mevaca

Contra Costa Co., California
Fregerick Co., Virginia

Los Angeies Co., California
Taoele Co., Utah

Yowapai Co., Arizona
Frederice Co., Virginia

s lulu Co., Hmpii

Pengieton Co., west Virginia

el

Horril) Co., Mebraska
Scottsbluff Co., Mebraska
Sedgwick Co., Colorado
Yellowstone Co., Momtans
Shevmmn (0., Kaeta

Weld Co., Colorago

Rawi Co., hmapii

{ cont { nped )
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227 wn/dey rotary kiln, hyorating
aciiivies

Plant

Plant

Liow kiln aod plent

Quicklime and hydrated 1ime, 2 ro=
tary kfins, 1 continuous hygrator

PMant

Plant

Mant

Rotary kilm ang continuous hydrator

Plant

Plant

Quick)ime, 3 rotary kilns, continy~
hydrator

ous
Quicklime, 3 rotary kilns, continu-
ous hygrator

Z plants, batch and continuous hy-
drators, rotary kilng

Staft sna rotary kilns

Plant

Shaft amd rotary Kiins

2 shaft kiin planes

PMlamt
Plant
Plant

Pot-eiin plant
Pot=kiln plant

2 pot=ciln plants

Z pat kiln plants
Pot-kiln plant
Shaft=kila plant
Pot=kiln

3 plamts, § pot-kilns
Pot=kiIn plant

Plamt
2 pot~kiln plants

Retary £§In and continuous hydrator



TABLE 2-3 (continued)

Map ID No.
(Figure 2-1)

Company

City or County, and State

Type of operation®

40

41
42
43

45
46

47

49
sh

51

L= .
[T XY

HIODOTMMOOm >

Lol -d

mP» MmO O B

Holly Sugar Corporation

Honey Creek Lime Company
Huron Lime Company
Inland Steel Campany

Jones & Laughlin Steel
Corporatian

Kaiser Aluminue and Chemical
Kennecott Copper Corporation

kerr-McGee Chemical Corporation

Lee Lime Corporation

Edward C. Levy Company

Pete Lien & Sons

Li?uuod Stone Products Company,
nc.

Magma Copper Company

Martiiehead Lime Company

Martir-Marietta Corporation

Mathis Mining & Exploration
McDonough Brothers, Inc.
Mercer Lime and Stone Company
Merck Chemical Company

Goshen Co., Wyoming

Deaf Smith Co., Texas
Deita Co., Colorado
Glenn Co., California
Imperial Co., Califarnia
Orange Co., California
Richland Co., Montana
San Joaguin, Caiifornia
Washokie Co., Wyoming
Mifflin Co., Peansylvania
Erie Co., Ohfo

Lake Co., Indiana

Berkeley Co., West Virginia

Monterey Co., California

Gila Co., Arizona

Grant Co., New Mexico

Salt Lake Co., Utah

San Bernardino Co,, California
Berkshire Co., Massachusetts
Wayne Co., Michigan

Pennington Co., South Dakota
Seott Co., lowa

Pinal Co., Arizona
Adams Co,, ITlinois

Centre Co., Pennsylvania
Cook Co., ITlinois

Lake Co., Indiana
Tooele Co., Utah
Wayne Co., Michigan

Sandusky Co., Ohio
Shelby Co., Alabama

Grant Co., New Mexicop
Bexar Co., Texas

Butler Co., Pennsylvania
Tuoiumne Co., Califarnia

(continued)
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Shatt kiln

Shaft kilns
Shaft kiins
Shaft kilns

Shaft kilns

Plant

Plant

Rotary kiln and continueut hydrator

Rotary kiin
Lime kiln

Plant
Quicklime, shaft and rotary kiins

1 rotary kiln, 1 vertical kiln, con=
tinuous hydrator

Quicklime and hydrated lime, 3 ro-
tary kilns

Quicklime and hydrated lime, 3 shaft
kilns, 1 calgimatic kiln

Quicklime and hydrated lime, 5 ro=-
tary kilns

Quicklime, 3 rotary kilns

Rotary kiln

Quicklime, 2 ratary kilns

Flant

Plant

Plant




TABLE 2-3 (continued)

Map 1D Mo. . a
(Figure 2-1) Compary City or County, and State Type of operation
L- I Wichigan Sugar Company Hyron Co., Wichigan
B Saginew Co., Michigan
[ Sanilac Co., Wichigan
b Tuseola (., Michigan
&0 “Wississippi Lime Company St. Genevieve Co., Missouri Plant
38 Ronitor Sugar Compavy Bay Lo., Wichigan
62 Corley L. Moors Lime Plant Gile Co., Arizona
&3 Mogntain States Lise, Inc. utah Co., Utah
&4 A Mational Gypsum Company Cantre Co., Pennsylvania Plant
8 6iles Co., Virginia Plant
65 Steeple & Company Sandusky Co., Ohio
[ Mational Lime ang Stone Compary Wayandot Co., Ohio Plant
&7 A Horthern Ohio Sugar Company Hancock Co., Ohio
-] Sandusky Co., Ohio
68 Onhio Lime Company Sandssky Co., Ohio Plant
69 0vin Corporation Calcasieu Co., Lowvisiana Quarry ana plant
70 Pacific Carbide and Alloys Multnaman Co., Oregon Plant
Comparry
n Paul Lise Plant, Inc. Cochise Co., Arizona S rotary kiln plants
A Pfizer, Inc. Berkshire Co., Massachusetts PMant
B Litchfield Co., Conmecticut Plant
[ San Bernardino Co.. California Fluigized-bed kiln and continuous
hydrator
D Sandusky Co., Ohio flant
73 Phelips Dodoe Corporation Greenlee Co., Arizona 1 rotary kiln, 1 fluidized-bed kiln
plant
74 PPG Imdustries, Inc. Mueces Co., Texas Plant
7% Puerto Rican Ceaent Company, Inc. Ponce Puerto Rico
76 A Rangaive Corporation Independence Co., Ark Plant
8 Giles Co., Virginia Plant
[ Knox Co., Tennesces Plant
77 Republic Steel Corporation Lake Co., Ohio Plant
™ Reynolds Matals Comparny Saline Co., Arkansas Plant
79 Rockwe)l Lime Compasry Manitowos, Wisconsin Quicklime and hydrated lise, 1 ro-
tary kiln, 1 continuous hydrator
ab A Round Rock Lise Company Hill Co., Texas Plant
-] williamson Co., Texas Plant
-1 ) Santa Rita Mining Conpany Pima Co., Arizona Mine and calciner
-} St. Mary Co. . Louisiana

(continued)
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TABLE 2-3 (eontinued)

Map ID No.
(Figure 2-1)

Company

City or County, and State

Type of oparation®

82
-£]
84
a5
86
a7

a9

90

g1
82

93

95

%

97

i-Aal b

S. 1. Lime Company

St. Clair Lime Company
Texas Lime Company

Union Carbide Corporation
Union Sugar Company

U.5. Gypsum Company

4.5, Stee) Corporation

Utan~Idahy Sugar Compary

Valley Mineral Products
Corporation

Vulcan Materials Company

wWarner Company

Weatherly and Morrison Lime
Company

Western Lime and Cement Company

Williams Lime Manufacturing
Campany

Woodvilie Lime and Chemical
Company

Shelby Co., Alabama
Sequoyah Co., Oklahoma
Jehnson Co., Texas
Ashtabuia Co., Ohio
Santa Barbara Co., California
Comal Co., Texas
Orleans Co., Louisiana
Ottawa Co., Ohie
Lorain Co., Ohio
Bonneville Co., Idaho
Box Eider Co., Utah
Grant Co., Washington
Yakima Co., Washington

st. Francois Co., Missouri

Cook Co., ITlinois

Center Co., Pennsylvania
Chester {o., Pennsylvania

White Pine Co., Nevada

Brown Co., Wisconsin
Dodge Co., Wisconsin

Fond Dutac Co., Wisconsin

Knox Co., Tennessee

Sandusky Co., Ohio

Quarry and plant
Plant

Plant

Shaft kiln

Plant

Quarry and plant
Plant

Plant

Plant

Plant
Plant

Rotary kilns

Quicklime and hydrated lime, 5 ro-
tary kiins, 1 batch hydrator

Hydrated lime, 5 shaft kilns, 1 con=
tinuous hydrator

Quick and hydrated lime, 5 shaft
kilns, 1 batch hydrater

Plant

not make the hydrated versions.

The following list of companies, comprising the lime industry, either make guicklime or dolomitic lime and may or may
Information sources do not differentiate batween the different producers.

A1l pro=

ducers generate carbon dioxide, but 1t is not known which ones recover the material beneficially.
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TABLE 2-4. LIME SOLD OR USED BY PRODUgERS IN THE UNITED STATES
IN 1980 BY SIZE OF PLANT

Quantityb
Size of plant No. of 103 103 Percent
(short tons) plants short tons metric tons of total
Less than 10,000 tons 9 57 52 c
10,000 to 25,000 tons 29 461 418 2
25,000 to 50,000 tons 30 1,026 931 5
50,000 to 100,000 tons 25 1,810 1,642 10
100,000 to 200,000 tons 26 3,644 3,305 19
200,000 to 400,000 tons 28 7,192 6,523 38
More than 400,000 tons 7 4,847 4,39 25
Total 154 19,037 17,267 1009

Excludes regenerated lime. Includes Puerto Rico. Reference 2.

b 1 short ton = 2,000 1b; 1 metric ton = 106 g = 1 Mg.

¢ Less than 0.5%.

d Data do not add to total shown because of independent rounding.

More than 90% of the limestone mines is from open-pit operations with

the remainder from underground mines.3 Most lime producers own their source
of limestone and have ample reserves of ore.

To be classed as Timestone, the rock must contain at least 50% calcium
carbopate. It is called high-calcium limestone when the rock contains less

than 5% magnesium e. When the raw material contains 30 to 45% mag-

nesium carbonate, it is referred to as dolomite or dolomitic limestone.

Table 2-5 provides data on typical chemical analyses of eight different
types of limestone found in the United States.!
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TABLE 2-5. REPRESENTATIgE CHEMICAL ANALYSES OF DIFFERENT TYPES OF
LIMESTONES™ FOUND IN THE UNITED STATES

Chemical Limestone sample (percent)b

compound 1 2 3 4 5 6 7 8
Ca0 54.54  38.90 41.84 31.20 29.45 45.65  55.28  52.48
MgO 0.59 2.72 1.94  20.45  21.12 7.07 0.46 0.59
co, 42,90 33,10  32.94  47.87 46.15  43.60  43.73  41.85
$i0, 0.70 19.82 13.44  0.11  0.14  2.55 0.42 2.38
A1,0, 0.68  5.40 4,55 0.30 0.04  0.23 0.13 1.57
Fe,0, 0.08 1.60 0.5  0.19  0.10  0.20  0.05  0.56
50,9 0.31 0.33 0.33  0.01

P,05 0.22 0.05 0.04

Na,0 0.16 0.31  0.06 0.01  0.01

K0 0.72 0.01  0.03

H,0 1.55 0.16 0.23

Other 0.29 0.01  0.06 0.08 0.20

Reference 1.

1 = Indiana high calcium stone 5 = Northwestern Ohio Niagaran
2 = Lehigh Valley, PA, "cement dolomitic stone
rock 6 = New York magnesian stone
3 = Pennsylvania “cement rock" 7 = Virginia high calcium stone
4 = I11linois Niagaran dolomitic stone 8 = Kansas Cretaceous high cal-
cium stone (chalk)
€ 1Includes some Fe as Fe0.
d

Includes some elemental sulfur.
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2.3 PROCESS DESCRIPTION

The process of producing the various forms of lime involves the fol-
lowing basic steps: stone extraction; stone processing; calcination and
pulverization; and hydration. There are no two plants which are exactly
alike. However, Figure 2-2 provides a simplified block flow diagram for
the production of lime and limestone products.

As with most facilities in the mineral products industry, lime plants
have two major categories of particulate emissions: those which are vented
to the atmospﬁere 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 the aid of such equipment. Ducted emissions are
usually captured and transported by an industrial ventilation system with
one or more fans or air movers and emitted to the atmosphere through a
stack. Fugitive sources, on the other hand, can either be process fugi-
tives, which are emissions associated with some form of physical or chemical
change in the material being processed, or open dust sources where no such
change occurs. The following is a description of each basic step in the
lime manufacturing process as well as the emissions associated with each.

2.3.1 Stone Extraction

As stated previously, most stone is obtained by open-pit quarrying
methods. Underground mining is pursued by some important operations, but
the tonnage quarried exceeds that mined by nearly 20-fold. Quarries vary
greatly in depth--from 4.5 to 7.5 m (15 to 25 ft) deep quarries of up to
60 m (200 ft).

The first step in quarrying is stripping of the soil and loose rock
that overlays the limestone deposit. Very rarely is limestone discovered
in bare outcrop. After the bedrock is exposed and clean, the next procedure
is drilling and blasting. The improved productivity of the large rotary
and percussion drilling rigs has been so impressive that these rigs largely
have replaced lower capacity well and shot drills. Diameters of the holes
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Figure 2-2.
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vary from 5 to 25.4 c¢m (2 to 10 in.). Oversized boulders usually are re-
duced to manageable sizes following the blast.

Quarries that excavate soft stone, notably marl or chalk, do not drill
or blast, but extract the stone with heavy-duty rippers and scrapers.! 1In
the Midwest and Florida, lake marls and soft coralline limestone are
dredged, in a process like strip-mining, forming canals.

Most underground limestone mines in the United States are relatively
shallow room and pillar mines of 3 to 30 m (10 to 100 ft) depth.! However,
some deep mines, reminiscent of coal operations, reach depths of 300 m
(1,000 ft) with stope-mining techniques from a central vertical shaft.
Because stone extracted from deep mines is too costly to compete at the
marketplace it is generally mined for captive consumption (i.e., for making
higher-priced products) such as lime and chemicals.

Loading of stone is done with power shovels almost exclusively. Gen-
erally, the size of the shovel is coordinated with the size of the primary
crusher. The stone is loaded onto inclined rail-type cars for transport
from the quarry proper to the primary crusher. Rugged rubber-wheeled
off-highway trucks are very commonly employed.

The emissions associated with stone extraction consist of fugitive
dust generated during drilling, blasting, crushing, and handling operations.
Significant fugitive emissions are also created by vehicular traffic on un-
paved and paved roads.

2.3.2 Stone Processing

2.3.2.1 Crushing and Sizing Operations-=

This processing step involves the crushing, pulverizing or grinding,
and sizing of the raw quarry or mine feedstock. Lime manufacture requires
stone of definite size ranges depending on the type of kiln used. The
greatest influence on lime quality is the size gradation of limestone used
to feed the kilns. Narrow gradations such as 10 x 20 cm (4 x 8 in.),
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2.5x 5¢em (1L x 2in.), 0.5 x 1 cm (0.2 x 0.4 in.), or narrower are very
conducive to uniform calcination. .

Preparation of crushed stone requires a series of crushing, screening,
and classifying operations. Primary crushers may be either jaw or gyratory
type. Reduction in the primary crusher is generally not greater than 6:1.
Depending on rock hardness, roll crushers and hammer mills may also be

used. In most cases, the primary crusher will be located at the quarry or
mine.

Secondary crushing of stone to sizes 2.5 e¢m (1 in.) and under is .
achieved in cone crushers and high speed, flat-angle gyratory crushers.
Sometimes hammer mills are employed on less abrasive stone. Depending upon
demand, some of the crushed limestone may be sold as by-product incidental
to the main calcining process. Some pulverizing is done to further reduce
undersize stone that is generally unsuitable for feed to the kilns. The
material from this operation is sold as by-product agricu]tufal limestone.
Occasionally, the stone may be dried in a rotary drier to facilitate better

pulverizing.

Vibrating screens of various types are the most prevalent method of
classifying all sizes of limestonme. The type and size of machine and the
frequency of vibration is determined by the size gradation of the stone to
be screened. Many Time plants are able to reduce the impurities in their
lime product by careful screening and selecting the stone for burning. It
should be noted that the percentage of impurities in a quicklime is nearly
double that in the original stone.3

Provisions are made in almost every plant to store very large guanti-
ties of processed or semiprocessed stone. This is necessary to balance
fluctuating demand for lime products against the production and availability
of raw material. Crushed stone is kept in large open stockpiles or surge
piles. Material is usually conveyed to these piles by conveyor belt. A
tunnel conveyor under the pile allows withdrawal for further processing in
all types of weather. The most prevalent stone-conveying equipment is the
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rubber belt conveyor in conjunction with bucket elevators. Undersize mate-
rial called spall is also stored in stockpiles. -

To comply with stringent product specifications, some plants bene-
ficiate the semiprocessed stone by removing clay and soil clinging to
limestone. Several wet methods are used: washing; scrubbing; flotation;
and heavy-media separations are used for removing silica (flint and quartz).
Optical mineral sorters use compressed air to deflect stone particles de-
viating from a preset color standard; and handpicking from conveyor belts
is still practiced by some plants.

The main source of ducted emissions in crushing and sizing operations
is the rotary dryer. Emissions from rotary dryers consist of particulate
matter as well as combustion-related pollutants such as sulfur dioxide
(50,), nitrogen oxides (NOX), carbon monoxide (C0), and volatile organic
compounds (VOC). Various types of dust collectors are used to control
particulate emissions from rotary dryers.

Process-related fugitive dust is generated during crushing, screening,
pulverizing, and associated materials transfer operations. Qpen dust
sources include conveyor transfer points, bucket elevators, truck loading
operations, stone and spall stockpiles (including wind erosion), and
vehicular traffic on unpaved roads.

2.3.2.2 Dredging and Washing of Sea Shells--

This process involves the use of sea-going suction dredges to "mine"
oyster or clam shells found in beds or reefs located along sea coasts (par-
ticularly the Texas-Louisiana Gulf Coast) where no limestone deposits are
found within miles of the coast. Sea shell beds may be classed as uncon-
solidated limestone deposits.

In practice, large suction pies on the dredge, equipped with rotary
cutting heads revolving at 9 to 15 rpm, are dripped onto the reef. Large
pumps pick up the dislodged shell and transport it to the top of the dredge
for rough washing. The dredged up shells are rough-washed on board with
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fresh high pressure seawaﬁer to dislodge silica, silt, and mud. The wash-
ing step is facilitated using single- or two-stage screens or trommels.
The rough washed shells are transported by a boom conveyor and stacked on
barges alongside the dredge. Barges are moved by tugboat to the offloading
dock some distance from the dredge. At the dock, shell is off-loaded using
derrick clamshell buckets.

Sea shells unloaded from barges are given a fresh water wash to remove
residual seawater and salts. For high purity commercial chemical 1lime,
shell washing is mandatory. In some cases, the shell user must "scrub" the
incoming material in order to remove encrustations of silica that would
otherwise Tower overall purity of the final lime product. Washing is done
using rotary screens or trommels. These may be either single- or two-stage
washer screens. Prior to feeding into the kilns, the shells go through a
second screening process to separate out the fines. These fines are gener-
ated as a result of mechanical breakage during handling. Some of the washed
and sized shell fines are sold for chicken grits and as agricultural lime-
stone by-products.

Finally, the washed and screened shells are transported and dumped
onto surge piles to await conveying to the rotary kilns. Loading and feed-
ing is usually done with a combination of stocking'conveyors, stockpile
loaders, and inclined belt conveyors. Relative small amounts of fugitive
dust is generated during these materials handling operations due to the
generally wet nature of the material.

2.3.3 Calcination and Pulverization

2.3.3.1 Calcination--
During calcination, crushed limestone rock or sized shell is heated to
a high temperature to convert the carbonate to oxide. Carbon dioxide is
driven off as a by-product and may or may not be recovered for other uses.
In the early stages of calcination, moisture and volatile organic matter
.are driven off. As the temperature of the limestone (or shell) rises,
decomposition begins, releasing carbon dioxide. Rapid decomposition does
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not take place until a temperature of 700° to 800°C (1290° to 1470°F) is
reached for dolomitic limestone and 830° to 930°C (1530° to 1700°F) for
high-calcium raw materials.

Dead-burned dolomite (refractory grain) is the commercial name for re-
fractory lime. This product, with few exceptions, is made in rotary kilns.
It is a highly sintered form of dolomitic lime that has been calcined at
temperatures up to 1635° to 1820°C (3000° to 3300°F). Usually 5 to 8% of
iron oxide is added. The Mg0 component is converted to periclase and the
entire product is rendered chemically less reactive than materials calcined
at lower temperatures. The product is grayish-brown in color and is avail-
able in various granular sizes from about 1 cm (0.4 in.) to <20 mesh. Pri-
mary use of this material is for lining basic oxygen steel furnaces. Before
shipment of this product, a 1ight spray or asphaltic based o0il is added to
enhance stability of the product and reduce dust generation.

In the United States, four types of kilns are used for the calcining
of lime: rotary kiln; vertical kiln; rotary hearth (Calcimatic) kiln; and
fluidized bed kiln. Rotary kilns are predominant in the United States,
primarily because of their high production rate. However, rotary kilns are
lTimited to small size stones (between 0.6 and 6.3 cm). Vertical kilns burn
lump size limestone between 7.6 and 30.5 cm (3 to 12 in.). The vertical
kiln is the most widely used kiln in European and other countries. The
rotary hearth or "calcimatic" type kiln is of recent development in lime
kilns and has the distinct advantage of being able to accommodate a rather
wide range of stone sizes, including relatively broad size distributions
Tike 0.6 to 10.2 cm (0.25 to 4 in.). The fluidized bed kiln, resembling a
large vertical kiln, utilizes a fine particulate kiln feed of 8 to 65 mesh.
A brief description of each type of kiln is presented below.

In the United States, nearly 90% of commercial lime capacity and about
50% of captive lime is calcined in rotary kilns.! Rotary kilns achieve the
highest production capacity of all kilns. The largest rotary kiln in op-
eration in the United States is reportedly rated at 1,500 to 1,600 metric
tons (1,650 to 1,760 short tons) per day.! The overall sizes of these kilns
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varies considerably, from 2.1 to 5.1m (6.9 to 16.7 ft) in diameter and
from 45 to 128 m (148 to 420 ft) in length. The exterior of the kiln is
heavy steel boiler plate and the interior lining is composed of refractory
brick. Since World War II, most rotary kilns have been equipped with heat-
recuperative accessories such as kiln feed preheater and product cooler.?

A diagram of a rotary kiln is found in Figure 2-3. Rotary kilns are
normally installed at a 3 to 5 degree inclination on four or six foundation
piers and revolve at 30 to 50 seconds per revolution. Limestone is fed into
the elevated end of the kiln and is discharged as quicklime at the lower
end. On some installations the quicklime is discharged into satellite cool-
ing cylinders through which the input air to the kiln is fed. This acts to -
not only cool the quicklime, but also preheat the input air to the kiln.
In other operations indirect heat exchangers are used in place of satellite
coolers for preheating the combustion air to the kiln.

Most rotary kilns in the United States are fired with pulverized coal,
but are also adaptable to gas and oil firing.l Only 10% of the kiln is
filled with Timestone/Time as the kiln feed tumbles gently through the kiln.
Kiln feed ranges in size from 0.625 to 6.25 cm (0.25 to 2.5 in.), but mul-
tiple rotary-kiln plants use more restricted gradations of 0.625 to 1.88
(0.25 to 0.74 in.), and 1.88 to 3.75 cm (0.74 to 1.5 in.), etc.

At one time, the vertical kiln, or shaft kiln as it is sometimes
called, was the most widely used kiln in the United States. Although many
vertical kilns remain in operation, the total capacity of the vertical kiln
has fallen well below that of the rotary kiln. Figure 2-4 is a schematic
of a vertical lime kiin.

The vertical kiln can be described as an upright cylinder lined with
refractory. The kiln is charged at the top with large Tump-size limestone.
A1l of these kilns have four imaginary zonal sections, as depicted in Fig-

ure 2-4. In the preheating zone, recirculated exhaust gases preheat the
stone, preparatory to calcination in the zone below. The calcining zone is
the calcination chamber where 95% of 1ime burning occurs. The Tower portion
of this zone is called the finishing zone where calcination is compieted and
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where ports for firing are located. Cool air enters the cooling zone from
the base of the kiln or discharge point and by natural, induced, or forced
draft flows upward countercurrent to the lime descending through the kiln.
The air cools the lime for discharge onto conveyors below, and the air
recoups much heat from the red-hot lime as secondary combustion air for the
calcining above.

Vertical kiln dimensions may vary from 2.4 to 7.6 m (8 to 25 ft) in
diameter and from 10.7 to 30.5 m (35 to 100 ft) in height. Modern vertical
kilns can produce as much as 600 to 800 metric tons (660 to 880 short tons)
per day of lime. A primary advantage of vertical kilns over rotary Kkilns
is the higher average fuel efficiency. The primary disadvantage of the
vertical kiln is its relative low production rate as compared to the rotary
or rotary hearth kiln.

The majority of vertical kilns have no dust collection equipment. 4
This is attributed to the relatively low dust production rates associated
with such equipment.? It is thought that the low particulate emissions
from vertical kilns are at least partially due to the fact that lump-size
limestone is used as feed to the kiln (thus reducing the amount of fine

particles available for resuspension) and the relatively slow movement of
material through the kiln.

The rotary hearth or “calcimatic" kiln is a circular shaped device

which incorporates a slowly revolving donut-shaped hearth. Limestone is
distributed in a 2.5 to 15 cm (1 to 6 in.) deep layer on the rotating cal-
cining zone with the finished 1ime scraped off about 350 degrees around the
circle from the point where the feed is deposited onto the hearth. The
heated gases from the calcining zone of the kiln are passed through the feed
for preheat purposes, similar to that present in vertical kilns. 1In some
cases, product cooling is conducted in an indirect heat exchanger where the
burner combustion air is preheated thus increasing fuel economy.

The rotary hearth kiln combines the advantages of the rotary Kiln and

the vertical kiln in that a high production rate can be achieved with Tow
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dust emissions. The rotary hearth kiln aiso can accommodate the feed size
range of both the rotary and vertical kilns. The Tow dust emission of the
rotary hearth kiln is attributed to the fact that the limestone is held in
a stationary position relative to the kiln during calcining. Particulate
emissions from rotary hearth kilns are often effectively controlled through
the use of low efficiency dust collectors.

The last type of kiln to be discussed is the fluidized bed kiln. In
this process, finely divided limestone is brought into direct contact with
hot combustion air in a turbuient zone, usually above a perforated grate.
The stone is physically agitated by the turbulent airstream and generous
quantities of dust are carried out of the reaction zone by the combustion

air. Very high production rates and rapid response to process changes are
characteristic of the fluidized bed process. Sophisticated dust collecticn
equipment (such as venturi scrubbers, fabric filters, or electrostatic pre-
cipitators) are necessary not only for emission control purposes but also
for process economics.

Calcining kilns are the largest single source of ducted emissions found
in lime plants. Kiln emissions consist of particulate matter and VOC from
calcination as well as other combustion-related pollutants. A comparison
of the four types of kilns in terms of particulate emissions reveals the
fluidized bed kiln to have the highest uncontrolled dust output. This is
primarily due to the very small feed size combined with the high airflow
through the kiln.

The rotary kiln is second to the fluidized bed kiln in uncontrolled
particulate emissions. This is attributed to the small size of the feed
(fine particle resuspension) caused by tumbling of the material through the
kiln. The rotary hearth (or "calcimatic") ranks third in dust production,
primarily because of the larger size of the kiln feed combined with the
fact that the limestone remains stationary during calcining. The vertical
kiln has the Towest dust emission during operation. This is attributed to
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the large Tump-sized feed and the relatively slow movement of the feed mate-
rial through the kiln. Coolers can also be sources of particulate emissions
if not recycled to the kiln.

2.3.3.2 Pulverization and Shipping--

Regardiess of the type of kiln employed, quicklime is conveyed by belt
conveyor to screens where the fines and undersized particles are removed.
Most quicklime is shipped in bulk, with covered hopper-bottom railcars
being preferred. Less than 1% of the lime produced is packed in bags.

Lime is available in various mesh sizes, varying all the way from fine
pulverized grades to lumps. In general, lumps from vertical kilns will
range from 6 to 25 cm (2.4 to 10 in.) in diameter. Pebble Time (usually
from rotary kilns) ranges from 0.6 to 6.0 cm (0.25 to 2.5 in.), with the
high end sometimes obtained from crushed lumps (from vertical kilns).
Table 2-6 provides information on the physical form and size of various
types of quicklime.!

TABLE 2-6. PHYSICAL FORMS AND SIZES OF QUICKLIME?!

Physical form Size range Derivation
Lump 63-255 mm Vertical kiln
Pebble 6.3-63 mm Rotary, special kilns;
crushed lump
Ground 100% < 2.38 mm (<8 mesh); Fluidized bed kiln; screen-
40-60% < 1.49 mm (<10 mesh) ing, grinding
Pulverized 100% < 0.84 mm (<20 mesh); Pulverizing; screened dust
80-90% < 1.49 mm (<10 mesh)
Pellets 16.4-55.7 cm® (13.4 in.3) Screened fines and dust
(briquettes)
Dead-burned 0.84-9.5 mm (20-2 mesh) Iron-stabilized, dead-burned
dolomite dolomite granules-~screened
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Air-swept hammer mills are commonly used for grinding, although impact
breakers, small gyratory crushers, and cone mills are also used. Screening
steps similar to those in stone processing are also applied to some lime
milling operations.

If hydrated lime is to be made, grinding equipment is employed to
pulverize and reduce the lump or pebbile quicklime to 0.5 to 1.24 cm (0.2 to
0.5 in.) or smaller. Also, waste quicklime fines that are screened off at
the kiln discharge are also normally used as feed to the hydration process.

The fugitive emissions associated with pulverization and shipping of
quicklime are similar to those found in stone processing. Sources include
kiln discharge, conveyor transfer points, elevators, crushing/pulverizing
operations, railcar load-in, bagging, etc.

2.3.4 Hydration

Although the major tonnage of 1ime is sold as quicklime, there is
still a substantial production of hydrated lime. This product is made in
the form of a fluffy, micron-size, dry white powder.

Hydration consists of slowly adding water to a crushed or ground quick-
lime in a premixing chamber or a vessel known as a hydrator, both of which
mix and agitate the lime and water. The amount of water to be added 1is
critical. If too much water is added, it will be impossible (or require
costly drying) to produce the desired dry form. If too little water is
added, incomplete hydration will cause degraded quality, chemical instabil-
ity, and structural unsoundness.!

In the United States, three types of hydrators are predominant in the
Time industry: the Schaffer hydrator; the Kritzer hydrator; and the auto-
clave or pressure hydrator. The pressure hydrator, operating under a pres-
sure of from 276 to 690 kPa (40 to 100 psig) is often employed when
hydrating a dolomitic quicklime.?
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Hydrator emissions are normally controlled by the use of either water
sprays in the hydrator stack or by wet scrubbers. In either case, the dust
particles are entrapped by sprays and the resulting slurry (or milk of lime)
is piped back to the hydrator's premixer as part of the slaking water. Be-
sides preventing lime losses, the need for treatment of the water effluent
is averted. Virtually all efficient hydrators have either water sprays or
wet scrubbers integrally installed. Most of the exhaust from a hydrator is
steam generated by the heat of hydration.?

Normally, hydrated dolomitic lime consists of calcium hydroxide and
magnesium oxide with little if any magnesium hydroxide. However, dolomitic
lime can be completely hydrated in an autoclave under pressure. Table 2-7
provides typical product analyses for commercial hydrated limes.3

TABLE 2-7. TYPICAL PRODUCT ANALYSES OF COMMERCIAL
HYDRATED LIMES?

High=calcium hydrated Highly hydrated dolomitic

Component limes, % range lime, ¥ range
Ca0 71 - 74 41 - 45
Mg0 0.5 -2 25 - 30
H,0 24 - 25 27 - 28
co, 0.3 -0.7 0.3 -0.7
Si0, 0.2 - 0.5 0.2 - 0.5
R,0;* 0.1-10.3 0.1-0.3

* Heavy metal oxides.

Closed circuit conveyors are used for transporting the semiprocessed
hydrate from the hydrator to the finishing part of the process. This is
done to prevent recarbenation of the hydrated lime. Usually a system of
horizontal screw conveyors and bucket elevators are employed.
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Any uncalcined Time, overburned material, or silica in the hydrated
products is removed in an air separator after the hydration step is com-
pleted. Centrifugal air separators are universally employed in the final
milling and classification of the product. Finished dry hydrate product is
transported to product silos and from there to bagging machines.

Some hydration Time is also carried out with great excess of water so
that a slurry of "milk of 1ime" solution is produced instead of a dry
powder. This process is usually called slaking. Slaking equipment is
usually Tocated at the plant site of the user. Only in cases where the
lime producer has a captive use for slaked Time will a slaker be employed
at the lime plant proper.

The major sources of ducted emissions are the hydrator, classifier,
and grinding mill air separators. Fugitive emissions are generated during
materials handling and conveying operations as well as during product stor-
age and bagging. Slaker processes do not generate any significant amount
of air pollutants due to the high moisture content of the material.

A summary of the processes, sources, and pollutants generated in lime
manufacturing plants is provided in Table 2-8.

2.4 CONTROL TECHNOLOGY

2.4.1 Ducted and Process Fugitive Sources

Particulates exhausted from 1lime calcining kilns are a mixture of
Timestone dust and burnt lime. These two compounds are quite different in
their ability to be collected. Limestone dust in nonreactive and can be
collected, transported, wet or dry, with no basic changes taking place.
Burnt Tlime, however, undergoes chemical reaction with carbon dioxide as it
slowly reverts back to Timestone. By water addition, caking can occur,
which often causes problems when wet scrubbing is used for controlling such
emissions, ¢
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TABLE 2-8.

SUMMARY OF EMISSION SOURCES IN LIME

MANUFACTURING PLANTS

Type of Pollutant,
Basic process Source description emissions generated
Stone extraction Overburden removal and 0D PM
disposal
Drilling and blasting oD PM
Loading 0D PM
Materials handling oD PM
Crushing and sizing Primary crushing PF PM
Screening/classifying PF PH
Secondary crushing PF PM
Rotary dryer D PM, 50,,
NO_, CO,
vot
Pulverizing PF PM
Conveying to storage oD PM
piles
Truck loading oD PM
Reclaiming and convey- QD PM
ing to kiln
Dredging and washing of Stockpiling V1] PM
sea shells Reclaiming and convey- 0D PM
ing to kiin
Calcination Lime kilns D PM, 505,
No_, CO,
vol
Coolers D PM
Pulverization and Conveying to screens an PM
shipping (including kiln dis-
charge)
Sereening PF PM
Conveying to railcars oD M
Railcar load-in 0D PH
Bagging oD PM
Pulverizing PF PM
Hydration Conveying to hydrator ob PM
Hydrator ] PM
Conveying to finish op PM
process
Mill air separator D PM
Conveying to storage 0b PM
silos
Bagging oD PM
Paved and unpaved roads Vehicular traffic 0D PM
Storage piles and exposed Wind erosion oD PM

areas

2 op- Open dust source

PF - Process fugitive source
D - Ducted emission source
b PM - Particulate matter
S0, - Sulfur dioxide
NO_ - Nitrogen oxides
- Carbon monoxide
VOC - Volatile organic compounds

2-29



As stated above, the ranking of lime kilns in terms of highest average
dust emission to lowest average dust emission is?: '

1. Fluidized bed kiln.

2. Rotary kiln.

3. Rotating hearth (Calcimatic) kiln.
4, Vertical Fi]n.

Five types of emission control are found to be predominant in controll-
ing dust emissions from lime kilns. These control systems are: fabric
filter (baghouse) collectors; electrostatic precipitators; high energy wet
scrubbers; low energy wet scrubbers; cyclone or "multiclone" collectors;
and gravel-bed fi]ters. There are a number of good references which de-
scribe the theory, operation, and applicability of the control devices
listed above and thus such will not be discussed here.5°6

The type of dust collector used in a particular application will be
on the type of kiln and whether it is required to meet appliicable New Source
Performance Standards (NSPS) or whether only state and local regulations
apply. Table 2-9 summarizes the control equipment used on 84 rotary kilns
and five rotary hearth kilns in a January 1974, survey of lime plants in
the states of Ohio, Pennsylvania, Texas, Missouri, and Alabama.¢ In the
five rotary hearth installations, three are controlled by high energy
scrubbers, one is controlled with a baghouse collector, and one is con-
trolled with a multiclone type collector. ATl five rotary hearth kilns
are operating within respective state regulations.® There is usually no
supplemental equipment installed on 1ime kilns for the control of gaseous
poliutants such as S0, and NO,. However, it should be noted that some con-
trol of S0, is inherent in the operation of most dust collection equ1pment
due to the alkaline nature of the particles collected.
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TABLE 2-9. PARTICULATE CONTROL EQUIPMENT USED
IN 1974 ON 89 LIME KILNS*

No. in
Control device operation %
Cyclone 9 10.1
Baghouse 18 20.2
Electrostatic precipitator 6 6.8
High energy scrubber 33 37.1
Low energy scrubber ) 5 5.6
None 18 20.2
Total 89 100.0

As pointed out above, hydrator emissions are most effectively con-
trolled by the use of water sprays or wet scrubbers. In either method, the
water effluent from the gas cleaning device is supplied to the hydrator's
premixer as part of the slaking water. In this manner, all hydrated lime
losses are generally averted along with the need for secondary treatment of
the scrubber effluent water.

Normally associated with lime hydration are milling and bagging pro-
cesses. Raymond mills are often used in the milling of hydrated lime to
enhance the fineness of the powder and upgrade its chemical purity. Fabric
filters with cyclonic precleaners are often employed on these milling pro-
cesses, bagging processes, and on associated transfer points in the system.

For the remainder of the sources of process fugitive emissions such as
crushers, vibratory screens, pulverizers, etc., a wide variety of control
techniques can be applied. These include: capture and collection systems
using various types of dust collectors; enclosures (full or partial, evacu-
ated or nonevacuated); wet suppression (with and without surfactants, foam,
etc.); and process modifications. The type of control used will vary from
plant to plant.
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2.4.2 (Qpen Dust Sources

The emissions from open dust sources in lime plants can be controlied
by a wide variety of different methods. Conveyor transfer points and bucket
elevators are usually controlled either with enclosures evacuated to a dust
collector or by wet suppression using plain water, water with a surfactant,
or micronized foam. Truck and railcar loading operations can likewise be
controlled by capture and collection systems or, in some cases, wet suppres-
sion depending on whether raw material or finished product is being loaded.

Emissions from drilling operations during stone extraction are usually
controlled with a self-contained ventilation system equipped with a small
fabric filter. Loading of limestone by shovels can be controlled by wet
suppression or potentially by portable wind screens. Emissions from truck
traffic on unpaved roads can be mitigated by watering, chemicals, or by
paving. For paved roads, sweeping is really the only means for controlling
such emissions. Storage pile load-in/load-out and wind erosion emissions
are generally controlled by wet suppression. The exact control strategy
employed will vary depending on Tocal regulations, proximity to receptors,
and other related factors.
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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 Titerature relating to the particulate emissions associated with
Time manufacturing. This search included: data collected under the current
inhalable particulate emission characterization program; information con-
tained in the computerized Fine Particle Emission Inventory System (FPEIS);
source test reports and background documents for Section 8.15 of AP-42 lo-
cated in the files of the EPA's Office of Air Quality Planning and Standards
(OAQPS); test reports supplied by the National Lime Association; and MRI's
own files (including Kansas City and North Carolina Offices). The search was
thorough but not exhaustive. It is expected that certain additional infor-
mation may also exist, but limitations in funding precluded further searching.

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

1. Source testing must be a part of the referenced study. Some re-
ports reiterate information from 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 according to the
criteria stated above. This set of documents was further analyzed to derive
candidate emission factors for particulate matter based on particle size.
Due to Timitations in funding, no attempt was made to obtain further infor-
mation on a particular test series above what was included in the original
report. Such an effort was beyond the scope of the current program.

3.2 EMISSION DATA QUALITY RATING SYSTEM

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

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

2. Test series representing incompatible test methods.

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

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

5. Test series in which it is not clear whether the emissions mea-
sured were controlled or 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 0AQPS for the preparation of AP-42 Sections.! The data were
rated as follows:



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

B - Tests that are performed by a generally sound methodology but
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 estimate 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 methodology. If actual procedures deviated from
accepted methods, the deviations are well documented. When this
occurred, an evaluation was made of how such alternative proce-
dures could 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 lower 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, any tests conducted strictly for the purpose of
developing NSPS 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 con-
trolled 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 varijous 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.?2
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A1l laws describing the properties of aerosols can be expressed most
simply for particles of spherical shape. To accommodate nonspherical par-
ticles it is customary to define a "coefficient of sphericity" which is the
ratio of the surface area of a sphere with the same volume as the given
particle to the surface area of the 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

¢ = g p C(D,) for Re < 0.5 (3-1)

where:
D_ = Stoke's diameter (cm)
V_ = terminal settling velocity of a particle in free fall (cm/sec)
n = viscosity of the fluid (gm/cm-sec)
g = gravitational constant (980.665 cm/sec?)
p = density of the particle (gm/cm?)

C(Ds) = Cunningham's slip correction factor for spherical particles
of diameter Ds (dimensionless)

1 + ES_’\ (3-2)
S

with:

A=a+p exp(-y D /2\) (3-3)




@ = empirical constant (dimensionless) = 1.23 - 1.246
B = empirical constant (dimensionless) = 0.41 - 0.45
Yy = empirical constant (dimensionless) = 0.88 - 1.08
A = mean free path of the fluid at stated conditions (cm)

Ao (n/ng) (T/T )05 (P /P) (3-4)

AO = mean free path at reference conditions (cm)

N = gas viscosity at stated conditions (gm/cm:sec)

N, = gas viscosity at reference conditions (gm/cm-sec)
T" = absolute temperature (°K)

T, = reference temperature = 296.16°K

P” = absolute pressure (kPa)

P_ = reference pressure = 101.3 kPa

RE = 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 Vs
= Re < 0.05 3-5
DS [T e<0 (3-5)

where:
P, g, 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 falling velocity as the particle and a density equal to 1 g/cmd.2’3
The classical aerodynamic diameter differs from the Stoke's diameter only
by virtue of difference in density, assumed equal to unity, and the slip
correctidn factor, which, by convention, is calculated for the aerodynamic
equivalent diameter. From Equation 3-1:3
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18V, (3-6)

D, = |=r—=

Ae gC(DAe)

where DAe = "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. FEQUATIONS 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 T DA y
e
Classical
aerodynamic C(DAe) 1/2
diameter (D, ) D =0D 1.0
Ae s Ae
pC(DS)
2 Notation: Ds = Stoke's diameter (um)
DAe = Classical aerodynamic equivalent diameter (um)
p - = Particle density (g/cm®)
C(Ds)’ C(DAe)’ = S1ip correction factors (dimensionless)--

see Equations 3-2, 3-3, and 3-4.

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
jnertial, 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 technique.

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

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

2. Light~scattering optical particle counters
3.  Electrical mobility analyzers

4, Condensation nuclei counters

w

Diffusion batteries

A11 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)

2. Sedimentation

3. Centrifugation (inertial separation)
4. Microséopy (optical and electron)

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

In most respects instruments that fractionate an aerosol on the basis
of the aerodynamic properties of its components probably give the best
practical assessment of size. Once flow conditions have been selected for
the device, the terminal settling velocities of the particles collected in
each stage or part of the instrument can be determined, even though particle
specific gravity and shape factor are unknown. 2 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 siream 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+

Ton counting, unit charge 0.01-0.1

Ion counting, corona charging 0.015-1.2
Impaction 0.5+
Centrifugation 0.1+
Diffusion battery 0.001-0.5
Acoustical

Orifice passage 15+

Sinusoidal vibration 1+
Thermal 0.1-1
Spectrothermal emission 0.1+




probability of impaction. This characteristic diameter is called the cut-
point (D5qo) of the stage. Typically, commercial instruments have six to
eight impacti&n 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
jmpactor stage. There is also a slight dependence on the type of collec-
tion surface used (glass fiber, grease, metal, etc.). Reentrainment, or
particle bounce, is a significant probiem 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--

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

A series of cyclones with progressively decreasing cut-points can be
used also instead of impactors to obtain particle size distributions. The
advantages are that larger samples are acquired, particle bounce is not a
problem, and no substrates are required. Also, longer sampling times are
possible with cyclones, which can be an advantage at very dusty streams,
but a disadvantage at relatively clean streams. One such series cyclone
system was developed by an EPA contractor 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 com-
puter programs developed especially for this purpose (as shown in Table 3-3).
These programs are fundamentally BASIC translations of the FORTRAN program
SPLINZ developed by Southern Research Institute. 8 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, SPLINZ2 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 Togarithmic graph paper. In effect, the logarithm of cumu-
lative mass is plotted as a function of the Togarithm 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 between 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 ob-

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

Erp = —— (3-7)
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where: ETP = total particulate emission factor (1b/ton)

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

R

i

process weight rate (tons of lime 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 auto-
matically convert the size-specific emission factors obtained from English
units (1b/ton) to the appropriate metric units (kg/metric ton), which are
tabulated as a part of the output format (1 kg/metric ton = 1 kg/10€ g =

1 kg/Mg). As an additional function, each program has the capability of
converting from Stoke's diameter to aerodynamic diameter using the appropri-
ate 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 MmA
(aerodynamic diameter) was assumed unless other data were available. This
value was selected since this is the largest particle size which might be
expected based on the 1imited data contained in the literature. A complete
listing of each program is provided in Appendix A with sample outputs shown
in Figures 3-1 and 3-2.

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:?

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.

* Source category: A category in the emission factor table for which an
emission factor has been calculated (generally a single process).
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Figure 3-1.

Example output of "JSKPRG."
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. B - Above average: Developed only from A-rated test data from a

reasonable number of facilities. Although no specific bias is

evident, it is not clear if the facilities tested represent a

random sample of the industries. As in the A-rating, the source
category is specific enough to minimize variability within the

source category population.

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

. D - Below average: The emission factor was developed only from
A- and B-rated test data from a small number of facilities, and

there is reason to suspect that these facilities do not represent
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.

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

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

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

PARTICULATE EMISSION FACTOR DEVELOPMENT

The following section outlines the data and methodology used to develop
particulate emission factors for the Time industry.

4.1 REVIEW OF SPECIFIC DATA SETS

Some 45 reference documents were collected and reviewed during the
Titerature search conducted as part of this study.!-%4% 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 45 documents were reduced to a final set of 20
primary references utilizing the criteria outlined in Section 3.0. For
those reference documents not used, the following summarizes the reason(s)
for their rejection:

Reference
No. Cause(s) for Rejection
1 Not original source of test data.
2 Not original source of test data; no test
method specified.
3 Not original source of test data.
435 Not original source of test data.

Incompatible test method.
Hours of operation not specified--could not
calculate emission factor.
4-1




Reference
No.

11
15

16

18

19

22

31

33

36

37

38
39

43
44

Cause(s) for Rejection

Lack of process data to calculate emission
factors.

Test protocol not included with report.

Lack of process data to calculate emission
factors.

Inaccurate process data.

Not original source of test. data.

Inaccurate process data.

Lack of process data to calculate emission
factors.

Data not applicable to lime industry (phosphate
rock calciner and grinder).

Not original source of test data.

S0, emissions data only.

S0, emissions data only.

Not original source of test data.

Lack of process data to calculate emission
factors.

Not original source of test data.

Test data not applicable to the lime industry
(gypsum mill).

Not original source of test data.

Not original source of test data.

The following is a discussion of the data contained in each of the primary
references used in the development of candidate emission factors, according
to reference number and date of publication.
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4.1.1 Reference 8 (1972)

Reference 8 is the trip report of a visit conducted by an EPA repre-
sentative to the Paul Lime Company in Douglas, Arizona. Attached to this
report were test data of the total mass emissions from a rotary kiln (No. 4)
equipped with a gravel bed filter as determined by a private testing labora-
tory. Two comp]iénce tests were conducted of kiln emissions using EPA
Reference Method 5. The test results from both tests indicated a particu-
late emission rate including the impinger catch of 15 Ib/hr (6.8 kg/hr)
at a process weight rate of 15 short tons/hr (14 Mg/hr). Copies of appro-
priate portions of the test report are included in Appendix B.

Upon review of the test report, it was determined that only minimal
documentation was presented on the sampling protocol used with no raw data
included in the document. In addition, it is not entirely clear whether
the process weight rate was input to or output from the kiln, although most
regulations of this type are based on feed rate to the process. For this
reason, a rating of C was assigned to the data in Reference 8.

4.1.2 Reference 10 (1973)

Reference 10 is the report of a compliance test conducted at the same
plant as that described in Reference 8, except on a different kiln. This
test was performed by the same private testing laboratory as indicated
above for Reference 8. A somewhat larger kiln (No. 5) was tested in this
case, however, which was fired with natural gas and equipped with a gravel
bed filter. Three Method 5 tests were conducted with associated particu-
late emission rates (including the impinger catch) of 13.8, 9.9, and
10.9 1b/hr (6.27, 4.5, and 4.95 kg/hr), respectively, at a process weight
rate of 25.2 short tons/hr (22.9 Mg/hr). Pertinent portions of the test
report have likewise been included in Appendix B.

As with Reference 8, Reference 10 likewise contained only minimal docu-

mentation. Therefore, an identical rating of C was given to the data pre-
sented in Reference 10.
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4.1.3 Reference 12, 14, 17, 20, 21, and 28 (1974-1975)

References 12, 14, 17, 20, 21, and 28 are source tests conducted by
EPA contractors at nine different facilities for the purpose of developing
NSPS for 1ime plants. A1l tests were performed at the outlet of a dust
collector using standard EPA reference test methods.

The total mass emission factors presented in each document were
generally reported in terms of pounds of pollutant per ton of feed to the
process. In a number of cases, however, multiple stacks were testad making
interpretation of the data sTightly more difficult.

Several of the NSPS reports collected during the literature search
were deleted from consideration due to either a lack of process data (Refer-
ences 15 and 22) or the presentation of inaccurate process data (Refer-
ences 16 and 19). In the case of References 15, 16, and 19, a conversion
factor was needed to correct the raw stone totalizer readings obtained from
control room data to the actual feed rate to the kiln. This factor was
either not provided in the report (Reference 15), or was incorrectly re-
ported as noted by the EPA project engineer (References 16 and 19). Fi-
nally, for Reference 22, no production data were presented in the report
from which to calculate mass emission factors. Also, all of these tests
were conducted nonisokinetically due to problems with high stack moisture.

Since all of the above tests were conducted more than 10 years ago and
by contractors other than MRI, limitations in available funding precluded
any attempt to resolve problems with the NSPS reports, A summary of the
useable NSPS test data found during the literature review is shown in
Table 4-1. '

In the case of Reference 21, testing was conducted upstream of two bag-
houses controlling the emissions from a primary crusher and a primary screen/
hammermill. There is some question as to the validity of this approach for
accurately determining the uncontrolled emissions from processes generating
fugitive emissions. It could be possible that the airflow created by the
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ventilation system capturing emissions from the source will entrain larger
particles which would not normally be emitted to the atmosphere if the pro-
Cess were exposed only to ambient wind conditions. This opinion is based on
data collected in a study conducted for the National Crushed Stone Associa-
tion in 1979 which compares emission factors determined by baghouse sampling
to that obtained through source-specific ambient monitoring using a tracer. 46
The results of this study show significantly higher emission factors based
on baghouse sampling for all sources tested as cempared to those obtained
from ambient monitoring. Sampling upstream of a dust collector could, there-
fore, tend to overpredict the uncontrolled emissions from such processes.
This particular measurement problem is currently under investigation by the
EPA and thus, only data collected downstream of the dust collector were used
in this category report for the development of controlled emission factors
for the above sources.

Upon review of References 12, 14, 17, 20, 21, and 28, it was determined
that the sampling protocol used and test results obtained were reasonably
well documented in each report. Due to the fact that these particular fa-
cilities 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 isokinetic sampling were mentioned, a
rating of C was assigned to the data (see Table 4-1). Copies of pertinent
sections of each test report are included in Appendix B.

4.1.4 Reference 13 (1974)

Reference 13 is a compliance test conducted by a private consultant of
the total mass emissions of particulate matter from a grate~type product
cooler and a coal-fired rotary kiln located at a plant in Ohio. The cooler
was uncontrolled and the kiln was equipped with a venturi scrubber. Sam-
pling was conducted utilizing EPA Reference Method 5 at the cooler stack
and the outlet of the venturi scrubber. Three tests were conducted in each
case.




It was determined from the test data that the average particulate
emission rate for the kiln and cooler were 52.9 and 12.2 1b/hr (24.0 and
5.54 kg/hr), respectively. The emissions from both sources were found not
to be in compliance with future Ohio regulations. Appropriate exerpts from
the test report have been included in Appendix B.

Upon review of Reference 13, it was determined that the amount of docu-
mentation contained in the report was minimal with no raw data (test or pro-
cess) included. Also, since it was unclear as to how much of the cooler
off-gas was recycled to the kiln during testing, these data were deleted
from further consideration. Due to the lack of adequate documentation, a
rating of C was assigned to the kiln data contained in Reference 13.

4.1.5 Reference 23 (1975)

Reference 23 is the report of a compliance test conducted by a private
firm of the total mass emissions from a coal-fired rotary kiln equipped with
a venturi scrubber. This particular study was a retest of the same kiln
(kiln No. 1) mentioned above in Reference 13. Three tests were conducted at
both the inlet and outlet of the scrubber using two different sampling trains.

At the scrubber inlet, a modified EPA Method 5 sampling train was used
with the glass fiber filter placed behind the wet impingers. The inlet mass
emission rate was calculated based on the total amount of material collected
in the impingers and on the fiberglass filter. For outlet sampling, EPA
Reference Method 5 was used with the emission rates reported both with and
without the insoluble material collected in the wet impingers of the sam-
pling train.

The results of the above tests indicated an average uncontrolled emis-
sion rate of 3,941 1b/hr (1,789 kg/hr) and an average controlied emission
rate of 37.21 1b/hr (16.89 kg/hr), including both wet and dry catches. The
emissions from the kiln were found to be in compliance with state standards.
Pertinent sections of the test report are provided in Appendix B.
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It was determined from a review of Reference 23, that reasonably good
documentation was included in the report on the test procedures used and
the results obtained. Because the tests conducted at the inlet varied sig-
nificantly from standard sampling protocol, a rating of C was assigned to
the inlet data. For the outlet tests, a rating of B was assigned to the
data.

4.1.6 Reference 24 (1975)

Reference 24 is a source test conducted by an EPA contractor of the
emissions of an uncontrolled coal-fired rotary kiln located at a plant in
Virginia. The purpose of this test was to collect background data for the
development of NSPS for the Time industry. The total mass emissions were
determined using EPA Reference Method 5 with the particle size distribution
measured utilizing a Brink Model BMS-11 cascade impactor. A cyclone pre-
collector was also used in conjunction with the Brink impactor to capture
the larger particles.

Three (complete) total mass and two impactor tests were conducted as
part of the above study. The cut-point of the cyclone was not specified in
the test report but was assumed to be 10 pmA (aerodynamic diameter) based
on a computer printout obtained from the EADS-FPEIS data base (Test Series
No. 00330). A summary of the particle size data contained in Reference 24
1s shown in Table 4-2 with the Method 5 data presented previously in
Table 4-1.

From an analysis of the data contained in Reference 24, it was deter-
mined that the particle size measurements were conducted using generally
sound methodology and at Teast some field data are included in the report.
However, the Brink impactor is generally not well suited to tests of un-
controlled sources with a substantial population of large particles since
it is essentially a small particle sampler. In additioh, since no standard
precollector is supplied with the Brink impactor, one can never be certain
of its cut-point without proper calibration.
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Another potential source of error found in the report was the procedure
of including the dried re%idue removed from the probe with that material
collected in the cyclone. This assumes that all of the particles deposited
in the probe are larger than the cut-point (i.e., 10 umA) of the cyclone.
Such an assumption has been found not to be the case by other investi-
gators.%? Based on the above factors, and the fact that the facility tested
represents an especially well maintained and operated process (as required
by NSPS procedures), a rating of B was assigned to the Method 5 data and a
rating of C to the particle size data contained in Reference 24. A copy of
pertinent sections of the test report and associated calculations are in-
cluded in Appendices B and C, respectively.

4.1.7 Reference 25 {1975)

Reference 25 is a compliance test report of the total mass emissions
from a coal-fired rotary kiln equipped with a stone preheater and gravel
bed filter. Three tests were conducted at the outlet of the gravel bed
filter using EPA Reference Method 5. The results of these tests indicate
the total particulate emission rate to be 36, 37, and 35 1b/hr (16, 17, and
16 kg/hr) respectively, for the three runs at a stone feed rate of 61 short
tons/hr (55 Mg/hr)." Copies of appropriate portions of the test report have
been included in Appendix B.

As with many compliance tests, the documentation included in Refer-
ence 25 was generally poor with little presented in the way of raw data.
No process operating logs or similar information was included for validation
of the process feed rate presented above. Due to the lack of adequate docu-
mentation, a rating of C was assigned to the data included in Reference 25.

4.1.8 Reference 26 (1975)

Reference 26 is a report of a compliance test of the total mass emis-
sions from a coal-fired rotary kiln equipped with a venturi scrubber located
at a plant in Ohio. Three tests were conducted at the outlet of the venturi
scrubber using EPA Reference Method 5. From these tests, an average mass
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emission rate of 81.94 1b/hr (37.2 kg/hr) was determined for an average
stone feed rate of 20.07 short tons/hr (18.21 Mg/hr). It was determined
that from these tests the emissions from the k{ln did not comply with ap-
plicable state standards. Appropriate sections of the test report have been
included in Appendix B.

Upon review of the test report, it was determined that the information
contained in Reference 26 did not include raw data sheets or other necessary
information for adequate validation of the test results. Only summary data
were presented for each test run. Due to the lack of adequate documentation,
a rating of C was assigned to the data presented in Reference 26.

4.1.9 Reference 27 (1975)

Reference 27 is the report of a source test conducted by Marblehead
Lime Company at their plant located in Bellefonte, Pennsylvania. These
tests were performed of the combined emissions from three (3) coal-fired
rotary kilns connected to two (2) baghouse collectors arranged in parallel.
One test was conducted on four out of twelve identical baghouse sections
utilizing an unspecified test method. However, from the format in which the
data were presented, it was assumed that ASME Power Test Code 27 was used
during these tests. Based on the test results, an average mass emission
rate of 30.9 1b/hr (14.0 kg/hr) was determined for all three kilns. Appli-
cable portions of the test reports are provided in Appendix B.

The documentation provided in Reference 27 was at best minimal. Only
summary information was presented in the report and that which was provided
was grossly incomplete. Due to the lack of documentation and the fact that
no test method was specified, a rating of D was assigned to the data con-
tained in Reference 27.

4.1.10 Reference 29 (1975)

Reference 29 is a companion study to those described above for the
development of NSPS for the lime industry. In this study, the total mass
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emissions from a rotary kiln fired with a combination of coal and natural
gas were determined at the exit of a venturi scrubber (controlled emissions).
Particle size tests were conducted downstream of a Buell multiple cyclone
dust collector between the multicyclone and venturi scrubbep using a Brink
Model BMS-11 cascade impactor and cyclone precollector. No tests for total
mass loading were conducted at the multiclone outlet, and therefore only
particle size data are available at this sampling ]ocation. Three Brink
impactor runs were conducted during the study. The particle size data ob-
tained during the sampling program is summarized in Table 4-3 with the total
mass data shown previously in Table 4-1.

An analysis of the data contained in Reference 29 showed adequate docu-
mentation of a generally sound technical approach. However, similar prob-
lems to that described earlier for Reference 24, were also noted for this
study as well. In addition, during the first Brink test the impactor was
overloaded thus invalidating the resulting data. Based on the various fac-
tors and sources of potential experimental error mentioned above, a rating
of B was assigned to the Method 5 data and a rating of C to the particle
size data contained in Reference 29. A copy of pertinent sections of the
test report are included in Appendix B.

4.1.11 Reference 32 (1975)

Reference 32 is another NSPS test of the emissions from two coal-fired
rotary kilns equipped with a cyclone and baghouse collector. During these
tests, one kiln (No. 4) was producing dolomitic quicklime and the other
(No. 6) dead burn (or refractory) lime. On kiln No. 4, total mass toading
and particle size distribution data were collected between the multiple
cyclone dust collector and baghouse. On kiln No. 6, similar tests were con-
ducted between a low-efficiency cyclone and baghouse.

The total mass emissions from both kilns was measured using EPA Refer-

ence Method 5 with the particle size distribution determined using a Brink
Model BMS-11 cascade impactor with cyclone precollector. Two Method-5 tests
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and one cascade impactor test were conducted on each kiln. A summary of the
data obtained from these tests is shown in Table 4-4 with the Method 5 re-
sults also shown previously in Table 4-1.

It was determined from a review of the information contained in Ref-
erence 32 that adequate documentation was presented in the report and that
generally sound methodology was used. The most major problem noted was the
fact that only one particle size test was conducted on each kiln. This lack
of duplicity coupled with other pertinent factors mentioned above resulted
in a rating of B being assigned to the Method § data and a rating of C to
the particle size data shown in Table 4-4. A copy of appropriate portions
of the report along with associated calculations are provided in Appendices
and C, respectively.

4.1.12 Reference 40 (1977)

Reference 40 is a source test report supplied by the National Lime
Association as Exhibit 2. During the tests conducted, the total mass emis-
sion rate was determined at the outlet of a baghouse controiling the emis-
sions from a coal-fired rotary kiln. One test was performed on each of the
six baghouse stacks using EPA Reference Method 5. From the data presented,
a total mass emission rate of 17.71 1b/hr (8.040 kg/hr) was determined for
an average limestone feedrate of 42.9 short tons/hr (38.9 Mg/hr). Excerpts
from the test report have been included in Appendix B.

Upon review of the above test report, it was determined that the
data are of relatively good quality. However, details on the operation of
the process and the associated emissions control equipment are lacking. For
this reason, and the fact that only one test was performed on each stack, a
rating of B was assigned to the test data reported in Reference 40.

4.1.13 Reference 4] (1977)

Reference 41 is a retest of the same kiln and baghouse included in
Reference 40 above. In this case, however, triplicate tests were conducted
on only one of six baghouse sections after the installation of new bags.
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EPA Reference Method 5 was again used to determine the total particulate
emissions from the baghouse stack. Using the test data as applied to the
entire baghouse, an average emission factor of 0.515 1b of particulate/
short ton of limestone feed (0.258 kg/Mg) was obtained. Copies of pertinent
sections of the test report are provided in Appendix B.

Since the above tests were performed in almost an identical manner and
with essentially jdentical documentation as that in Reference 40, a rating
of B was likewise assigned to the data contained in Reference 41.

4.1.14 Refarence 42 (1977)

Reference 42 is the report of a source test conducted on the same
plant included in Reference 27 above. The emissions from three coal-fired
rotary kilns equipped with two parallel baghouses were tested using EPA
Reference Method 5. Initially, one test was conducted on each of two sec-
tions of each baghouse equipped with existing bags. Finally, duplicate
tests were performed on a single section of one baghouse (i.e., A4) after
replacement of the bags. The data obtained from these tests were:

Baghouse Particulate Emission Factor
Section No. : 1b/ton feed kg/Mg feed
Bl 0.87 0.44
A4 (existing bags) 1.60 0.800
B4 1.54 0.770
Al 0.77 0.39
A4 (new bags) 0.68 0.34

A4 (new bags) 0.77 0.39
Applicable portions of the test report have been provided in Appendix B.

A review of.the information contained in Reference 42 indicated a gen-
erally sound technical approach. However, documentation of certain key
test data (e.g., raw tare and final weights) was found to be deficient. The
lack of documentation coupled with the fact that only single (or at best
duplicate) tests were conducted on each stack, a rating of C was assigned to
the test data reported in Reference 42.

4-16




4.1.15 Reference 45 (1983)

The final reference used to develop candidate emission factors was a
study conducted by MRI under the IP program at a plant located in Ohio.
Testing was conducted of the emissions from four sources: two coal-fired
rotary kilns (Nos. 6 and 7); a belt conveyor dust collection system; and a
truck loading bay. One of the rotary kilns was equipped with a cyclone and
baghouse collector and the other with an electrostatic precipitator.

Particulate matter contained in the exhaust gas of both kilns was
determined at the inlet and outlet of either the baghouse or electrostatic
precipitator utilizing the sampling protocol developed especially for the
IP program. For kiln No. 6 (equipped with the baghouse) sampling was
conducted both immediately downstream of a single cyclone and at the outlet
of one of the five chambers comprising the baghouse collector. Testing on
kiln No. 7 was performed at the inlet and outlet of one of three parallel
ESP modules controlling emissions from the kiln. Kiln No. 7 had no primary
collector upstream of the ESP.

Total mass emissions from the two kilns were determined using EPA Ref-
erence Method 5 with the inlet particle size distribution measured using a
Brink Model B cascade impactor with 7 pmA cyclone precoliector. The outiet
particle size distribution was determined with an Andersen Mark III impactor
and a Sierra instruments 15 pmA cyclone preseparator. A total of 16 tests
for both total mass and particle size were conducted during the study for
both kilns.

Testing on the conveyor dust collection system was performed in one of
the main branch ducts upstream of a central baghouse collector. This duct
connected 13 individual dust collection points located at various drop lo-
cations and transfer belts handling finished product. Samples were also
collected using the standard IP protocol mentioned above. Due to budgetary
constraints, no tests were conducted of the emissions at the outlet from the
baghouse. The total mass loading for the belt conveyor system was deter-
mined using EPA Method 5 and particle size using the Andersen impactor
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described above. A tota] of 16 total mass tests and 16 particle size tests
were performed on the conveyor dust collection system as part of the study.

As stated in Section 4,1.3, there is some question as to the validity
of usihg test data from a ventilation system upstream of the dust collector
to determine the uncontrolied emissions from a source of fugitive particu-
late emissions. The data so obtained could represent uncharacteristically
high emission rates which would not occur if the source was not equipped
with such a system and exposed only to ambient winds. For this reason, the
data presented in Reference 45 for the emissions from product transfer were
not used in the development of candidate emission factors, and thus not
included in this report.

Fugitive dust emissions from the truck Toading bay were determined dur-
ing the loading pulverized agricultural limestone into open and closed
trucks and the loading of glass lime into closed trucks. A total of five
tests were conducted; four of agricultural limestone and one of glass lime.
The emissions were determined by measuring the total mass flux of particu-
late eminating from the bay which was completely enclosed except for the
truck entrance and exit. A modified upwind/downwind method was used ac-
cording to guidelines published in the IP protocol document for fugitive
sources.

The overall sampling strategy used to quantify the fugitive emissions
during truck loading involved a determination of the net downwind particu-
late concentration (and size distribution) "at various locations and sampling
heights in the exit from the loading bay. The total airflow through the
loading area was determined from traverses using warm-wire anemometers.
Background particulate concentrations measured in the upwind direction were
subsequently used to calculate the net mass particle flux from the loading
bay. Truck mounted samplers were used for the downwind measurements con-
sisting of one standard high volume air sampler (hi=vol), two hi-vols
equipped with Andersen 15 MmA size-selective inlets, and three additional
hi-vols equipped with a Sierra Mode] 230-CP cyclone preseparator and
Model 230 five-stage cascade impactor, respectively. The background samples
were collected utilizing one of each type instrument.
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Tables 4~5 through 4-13 provide a summary of the results of this study
with a copy of applicable portions of the document included in Appendix B.
Since the tests in Reference 45 were conducted according to the protocol
developed for the IP program and are well documented, a rating of A was
assigned to the data.

4.2 RESULTS OF DATA ANALYSIS

4.2.1 Total Mass Emissions Data

Both uncontrolled and controlled mass emission factors were determined
from the data contained in each of the reference documents described above
for total particulate. In the case of uncontrolled emissions, only Refer-
ences 23, 24, and 45 contained useful data. For References 23 and 24, the
emission factors were determined either by hand calculation from the raw
test data or by correction for the impinger catch. A copy of these calcu-
lations along with pertinent portions of the test report and any assumptions
made are shown in Appendix C. With regard to Reference 45, appropriate
emission factors have already been presented in the test report and thus
were only extracted from such (after conversion to metric units). A summary
of the available uncontrolled mass emissions for total particulate as deter-
mined from the various reference documents is shown in Table 4-14.

For controlled sources, a procedure similar to that described above for
determining uncontrolled emission factors was used. References 8, 10, 12,
13, 14, 17, 20, 21, 23, 25, 26, 27, 28, 29, 32, 40, 41, 42, and 45 contained
useful data. Except for References 32 and 45, the controlled emission fac-
tors were calculated by hand from emission factors expressed in terms other
than mass of pollutant per metric ton of lime produced, from the raw test
data, or by adjustment of the emission rates presented for the mass col-
lected in the wet impingers of the sampling train. These calculations are
likewise shown in Appendix C with a complete summary of all available con-
trolled emission factors for total particulate shown in Table 4-14.
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4.2.2 Particle Size Data

Each of the specific data sets discussed above were processed through
the appropriate computer program as described in Section 3.0 to obtain both
the particle size distribution and size-specific emission factors for se-
lected particle diameters. Copies of the individual computer printouts have
been included in Appendix D, with the results of the computer analyses sum-
marized in Tables 4-15 through 4-22. Any calculations needed to convert the
raw data to the proper format for input to the computer Were conducted manu-
ally, and copies of such calculations are alsg included in Appendix D. 1In
the case of Reference 45, the test results were already analyzed by the
spline routine as part of the study and thus, no further data reduction was
necessary. The tabular data presented in the test report were simply repro~
duced in Tables 4-18 to 4-22.

A number of notations should be made regarding the particle size data
shown in Tables 4-15 through 4-22. First only data for particles larger
than 2.5 ym (aerodynamic diameter) have been reported even though the spline
routine was asked to predict values below that size range. This particular
Tower cut-off was selected since 2.5 HmA is the smallest particle diameter
specified by the EPA. 1In addition, the size-specific emission factors cal-
culated from the test data have also been reported in each table aven thoggh
they may not actually be used in the development of the candidate emission
factors for the process. In those cases where the emission factors were
not used, the values have been jincluded only for the sake of comparison.

4.3 DEVELOPMENT OF CANDIDATE EMISSION FACTORS

4.3.1 Total Particulate Emission Factors

The most ideal situation for the development of candidate emission fac-
tors would be a Targe number of A-rated data sets from which to derive such.
As discussed above, such was not available for this particular study. In the
case of the uncontrolled emissions from rotary kilns, only three test serijes
were found in the literature. By averaging the A~ and B-rated data contained
in these test series, an emission factor almost identical to that already
contained in AP-42 was developed.
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TABLE 4-16. CALCULATED PARTICLE SIZE DISTRIBUTIONS
FOR REFERENCE 29 ~ VENTURI SCRUBBER

INLET
Data Rating: C

Cumulative mass % equal to
aqual to or less than stated size

b

Test 2.5 5.0 10.0 15.0 20.0
ID No. MmA MMA MMA MmA HmA
1 2.35 4.01 12.1 .21.6 30.8
2 1.22 3.13 6.12 11.4 18.7
3 1.66 3.11 6.30 11.8 19.2

From computer printouts included in Appendix D.
Measured downstream of a multiple cyclone dust
collector.

Aerodynamic diameter.
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For the sake of traceability, it is recommended that the factor developed
in the current study be substituted for that which appears in Section 8.15
of AP-42 (as shown in Table 4-23).

For uncontrolled product coolers, only one test series consisting of
three runs was found during the literature search. As noted previously,
these data were of poor quality and thus eliminated from consideration. In
addition, it could not be determined from the background document for Sec-
tion 8.15 of AP-42 where the data used to develop the existing emission
factor originated from. For these reasons, no change is proposed for the

.

existing emission factor for product coolers pending further investigation.

In the case of controlled emissions, the data based developed during
the program is somewhat more extensive. Not all of these data are of the
highest quality, however, with some categories having only one test from
which to develop a candidate emission factor. Controlled emission factors
were developed for rotary kilns, atmospheric hydrators, limestone crushers/
screens/hammermills, and limestone final screens by taking an arithmetic
mean of the highest quality data sets available as shown previously in
Table 4-14. The various factors thus obtained are summarized in Table 4-23
as proposed for inclusion into AP-42. It should be noted from Table 4-23,
that the controlled emission factor for atmospheric hydrators agree with
that already presented in Table 8.15-1 of AP-42,

4.3.2. Size-Specific Particulate Emission Factors

As indicated previously, only limited particle size data are available
for the emissions from lime plants consisting of a total of nine tests rep-

resenting 5 separate kilns and one product loading operation. For rotary

kilns, two test series were collected during the study for uncontrolled
kilns, kilns with large diameter cyclones, and kilns with multiclones. Only
one test series was available for kilns with ESPs and kitns with baghouses.
The final data set gathered as part of the literature search consisted of
five individual tests of the fugitive emissions associated with the loading
of limestone and lime into open-bed and tanker-type trucks.
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TABLE 4-23. SUMMARY OF CANDIDATE PARTICULATE EMISSION FACTORS FOR TOTAL Mass?

Candidate total mass emission factor® Emission factor

Type of source Type of controi technology b/ton Time kg/Mg 1ime rating
Rotary kilnsC. Uncontrolied 350 180 D
Large diameter cyclone 150 81 ]
Multiclone ) d a3 42 D
Electrostatic precipitator 4.8 2.4 D
Venturi scrubber d 4.8 2.4 D
Gravel bed filtepr 1.1 0.53 £
Multiclone and venturi
s¢rubber 0.87 0.44 )
Baghouse 0.89 0.45 c
Cyclone and baghouse 0.11 0.055 D
Atmospheric Medium energy wet scrubber 0.089 0.045 D
hydrator
Crusher, screen,  Baghouse 0.01 0. 0005 D
and hammermi1]® :
Final screen® Baghouse 0.0008 0. 0004 D
Truck 1oadingf:
1imestone Uncontrolled 1.5 0.75 ]
(open trucks) .
1imestone Uncontrolled 0.76 0.38 D
(closed trucks)
Time (cleosed Uncontrolled 0.30 0.15 E
trucks)

Data taken from Table 4~14 of this report.

Emission factor proposed for inclusion inta AP-42 expressed as either pounds of particulate matter
per short ton (2,000 1b) of lime produced or kilograms of particulate matter per metric ton

{mg = 10% g) of lime produced.

Coal-fired kilns.

Coal/natural-gas fired kilns.

Emission factors expressed as mass of pollutant per mass of limestone feed.

Data taken from Tables 3-18 and 3-19 of Reference No. 45,
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According to 0AQPS guidelines, A- and B-rated data should not be com-
bined with C- or D-rated data to develop emission factors for a particu-
lar source. However, in the case of uncontrolled rotary kilns and rotary
kilns equipped with cyclones it was found necessary to combine A-rated data
with C-rated data in order to improve the overall applicability of the emis-
sion factors. This was deemed appropriate since it was felt that the inclu-
sion of the C data would significantly enhance the overall usefulness of
the emission factor to a larger cross section of the industry as a whole,
and would not decrease the overall rating of the resultant emission factor.

To derive each emission factor, all of the data contained in Tables 4-15
through 4-22 were 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 n
i=1
where: X = arithmetic mean
n = number of measurements
X. = individual measurements

i
The standard deviation was calculated according to the relationship:

1/2
2
ZX

2 _ j
2X -

= 1 -
g = —"Tl-—— (4 2)

where: o - standard deviation with X; and n as defined in Equation (4-1)

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:
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n

S

Xg = exp 1n X, (4-3)

i=1 !

where: ig = geometric mean with X; and n as defined in Equation (4-1)

The standard geometric deviation was calculated according to the re-
lationship:

O, = exp = (4-4)
g i=1 n-1
where: og = standard geometric deviation with X and n as defined in
Equation (4-1)

Rather than utilizing the emission factors actually derived from each
individual study, the candidate emission factor for each size increment was
obtained by applying the average particle size distribution from the various
data sets to the total particulate emission factor shown in Table 4-23 of
this category report. This approach was used to take advantage of the gen-
erally more extensive data base which exists for total mass emissions. It
was felt that this approach would produce emission factors more representa-
tive of the total industry. The results of such analysis are shown in
Tables 4-24 through 4-27.

In the case of rotary kilns controlled by a cyclone followed by bag-
house collector, only one test series (Reference 45) was available which
included both the total mass emissions from the baghouse as well as the
particle size distribution. In this instance, the above statistics have
been included in Table 4-19 and thus were not been presented again. The
reader is directed to that table for the size specific emission factors for
kilns equipped with a cyclone/baghouse combination.
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Several factors should be noted from MRI's analysis of the test data.
The first item of note is the wide variation in the particle size distribu-
tion from one data set to another for the same type of source and control
equipment. In some cases, the percentage of the total mass emissions for
any particular size increment can vary up to an order of magnitude from one
test series to another. This is evidenced by the fairly large standard
deviations (arithmetic and geometric) calculated for these data.

Another factor worthy of note is the size distribution and associated
emission factors calculated for kilns with cyclones as compared to those
equipped with multiclones. From available test data, it was determined that
the percent of small particles (e.g., 2.5 to 10 pmA) actually dropped for
kilns equipped with multiclones as compared to those with single cyclones.
This trend is also reflected in the resulting emission factors which show
higher emissions for particles in the smaller size ranges for kilns with
single cyclones versus those equipped with multiclones. Such a trend would
not be expected since the size-efficiency relationship for multiclones is
such that only finer particles (i.e., < 15-20 pmA) should penetrate the col-
lector resulting in a larger mass fraction of the total emissions in the
smaller particle size ranges. An explanation for these anomalous data was
not obvious from a review of the various test reports. Therefore, it is
recommended that the candidate size-specific emission factors for kilns
equipped with cyclones not be included in AP-42 at the present time pending
further data collection and analysis.

A summary of the candidate size specific emission factors for both
rotary kilns and truck loading operations are shown in Tables 4-28 and 4-29,
respectively, and graphically in Figures 4-1 and 4-2.

4.4 EMISSION FACTOR QUALITY RATING

The quality of the average emission factors contained in Tables 4-28
and 4-29 were rated according to the criteria specified in Section 3.0 of
this report. In most cases, higher quality particle size data was applied
to a lower quality emission factor (i.e., D-rated). The resultant emission
factor was therefore assigned the same rating as that of the factor for
total mass emission from which it was derived.
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Cumulative Uncontrolled Emission Factor Equal to or Less Than Stated Size {kg/Mg)
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Fiaure 4-1. Size snecific emission factors for lime kilns.
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For rotary kilns equipped with multiclones, C-rated particle size data
was applied to a D-rated total mass emission factor. Due to the extremely
poor quality of the data available, a rating of E was assigned to the emis-
sion factor for this source category using the criteria specified by the

0AQPS. Thus, caution should be exercised when applying this particular
emission factor.
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SECTION 5.0

PROPOSED AP-42 SECTION

The proposed revision to Section 8.15 of AP-42 is presented in the
following pages as it would appear in the actual document.
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8.15 LIME MANUFACTURING
8.15.1 Generall~?

Lime is the high temperature product of the calcination of limestone.
There are two kinds, high calcium lime (CaQ) and dolomitic lime (Ca0 - Mg0).
Lime is manufactured in various kinds of kilas by one of the following
reactions:

CaCO3 + heat > (0 + Ca0 (high calcium lime)
CaCO3 * MgCOs + heat > CO, + Ca0 - MgO (dolomitic lime)

In some lime plants, the resulting lime is reacted (slaked) with water to
form hydrated lime.

The basic processes in the production of lime are 1) quarrying raw
limestone; 2) preparing limestone for the kilns by crushing and sizing;
3) calcining limestone; 4) processing the lime further by hydrating; and
5) miscellaneous traansfer, storage and handling operations. A general-
ized material flow diagram for a lime manufacturing plant is given in Fig-
ure 8.15-1. Note that some operations shown may not be performed in all
plants.

The heart of a lime plant is the kiln. The prevalent type of kila is
the rotary kiln, accounting for about 90 percent of all lime production in
the United States. This kiln is a lomg, c¢ylindrical, slightly inclined, re-
fractory lined furnace, through which the limestone and hot combustion gases
pass countercurrently. Coal, oil and natural gas may all be fired in rotary
kilns. Product coolers and kiln feed preheaters of various types are com=
monly used to recover heat from the hot lime product and hot exhaust gases,
respectively. '

The next most common type of kiln in the United States is the vertical,
or shaft, kiln. This kiln can be described as an upright heavy steel cylin-
der lined with refractory material. The limestone is charged at the top and
is calcined as it descends slowly to discharge at the bottom of the kiln. A
primary advantage of vertical kilns over rotary kilns is higher average fuel
efficiency. The primary disadvantages of vertical kilns are their rela-
tively low production rates and the fact that coal cannot be used without
degrading the quality of the lime produced. There have been few recent
vertical kiln installations in the United States because of high product
quality requirements.

Other, much less common, kiln types include rotary hearth and fluidized
bed kilns. Both kiln types can achieve high production rates, and neither
can operate with coal. The "calcimatic" kiln, or rotary hearth kila, is a
circular shaped kiln with a slowly revolving donut shaped hearth. In fluid-
ized bed kilns, finely divided limestone is brought into contact with hot
combustion air in a turbulent zone, usually above a perforated grate. Be-~
cause of the amount of lime carryover into the exhaust gases, dust collec-
tion equipment must be installed on fluidized bed kilns for process economy.
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About 10 percent of all lime produced is converted to hydrated (slaked)
lime. There are two kinds of hydrators, atmospheric and pressure. Atmo-
spheric hydrators, the more prevalent type, are used in contiouous mode to
produce high calcium and normal dolomitic hydrates. Pressure hydrators, on
the other hand, produce only a completely hydrated dolemitic lime and oper=-
ate only in batch mode. Generally, water sprays or wet scrubbers perform
the hydrating process, to prevent product loss. Following hydration, the
product may be milled and then conveyed to air separators for further drying
and removal of coarse fractions.

In the United States, lime plays a major role in chemical and metal-
lurgical operations. Two of the largest uses are as steel flux and in
alkali production. Lesser uses include constructionm, refractory and agri-
cultural applications.

8.15.2 Emissions And Controls3 °

Potential air pollutant emission points in lime manufacturing plants
are shown in Figure 8.15-1. Except for gaseous pollutants emitted from

kilans, particulate is the only pollutant of concern from most of the opera-
tions.

The largest ducted source of particulate is the kiln. Of the various
kiln types, fluidized beds have the most uncontrolled particulate emissions,
because of the very small feed size combined with high air flow through
these kilns. Fluidized bed kilns are well controlled for maximum product
recovery. The rotary kiln is second worst in uncontrolled particulate emis-
sions, also because of the small feed size and relatively high air veloci~
ties and dust entrainment caused by the rotating chamber. The calcimatic
(rotary hearth) kiln ranks third in dust production, primarily because of
the larger feed size and the fact that, during calcinationm, the limestone
remains stationary relative to the hearth. The vertical kiln has the lowest
uncontrolled dust emissions, due to the large lump feed and the relatively
low air velocities and slow movement of material through the kiln.

Some sort of particulate control is generally applied to most kilas.
Rudimentary fallout chambers and cyclome separators are commonly used for
control of the larger particles. Fabric and gravel bed filters, wet (com-
monly venturi) scrubbers, and electrostatic precipitators are used for sec-
ondary control.

Nitrogen oxides, carbon monoxide and sulfur oxides are all produced in
kilns, although the last are the only gaseous pollutant emitted in signifi-
cant quantities. Not all of the sulfur in the kiln fuel is emitted as sul-
fur oxides, since some fraction reacts with the materials in the kiln. Some
sulfur oxide reduction is also effected by the various equipment used for
secondary particulate control.

Product coolers are emission sources only when some of their exhaust
gases are not recycled through the kiln for use as combustion air. The

Mineral Products Industry 8.15-3
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trend is away from the venting of product -cooler exhaust, however, to maxi-
mize fuel use efficiencies. Cyclones, baghouses and wet scrubbers have been
employed on coolers for particulate control.

Hydrator emissions are low, because water Sprays or wet scrubbers are
usually installed to prevent product loss in the exhaust gases. Emissions
from pressure hydrators may be higher than from the more common atmospheric
bydrators, because the exhaust gases are released intermittently, making
control more difficult.

Other particulate sources in lime plants include primary and secondary
crushers, mills, Screens, mechanical and pneumatic transfer operations,
storage piles, and roads. If quarrying is a part of the lime plant opera-
tion, particulate may also result from drilling and blasting. Emission
factors for some of these operations are presented in Sections 8.20 and 11.2
of this document. .

Controlled and uncontrolled emission factors and particle size data for
lime manufacturing are given in Tables 8.15-1 through 8.15-3. The size dis-
tributions of particulate emissions from controlled and uncontrolled rotary
kilns and uncontrolled product loading operations are shown in Figures
8.15-2 and 8.15-3.
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APPENDIX A

COMPLETE LISTINGS OF JSKPRG AND JSKRAW




2 REM ———=—= PROGRAM "JSKPRG"
10 CLEAR 4000

i2 REM ——=== CLEAR REGISTERS FOR NEW RUN =m——-

13 Q6=L06( 10112203 XX=0:XD=0: X220 YP=0 1 ST=0 INZ=0 s XMN=0LX=0:S1=02YL=0: YM=0:DM=0 L1
=0 i1L2=0!L3=0iL4=QiL5=0

ia L6=0%K1=0:N2=05K3=03N4=03K5=03KFO:JY=0:J9=0:IT'OSIJ*O?IH-‘—O?I!#‘O

§7 K2=0313=0!TL=0IK5=03BA=0:SA=0} IQ=02 IX=0: [2=05JX=0214=0:1C=0: IB=0

20 DIm Xﬂ(iO)rYO(iO)’X(53)vﬁ(16)13(4)1C0(50’3)1Y1(53)3XD(15)!XG(10|50)!YG(10|50)!
Y2C 10) s 10850 )r IXCS0 Y9 JY( 50 )30 10950 )9 JRC 10 Yo JUE 10)

30 PRINT"PROGRAM SPLIMN2 FROM FORTRAN ORIGINAL 02/22/82 Vi

31 LPRINT TaB(&)i ¥ “ILPRINT * *SLPRINT * ":LPRINT * SPLIN2

PROGRAN - 02/22/82 V17 JLPRINT™ "ILPRINT v «

39 REM =———- NUMBER OF DATA SETS AND REQUESTED OUTPUT ————

40 INPUT"ENTER # OF DATA SETS*:Qu

435 PRINT"ENTER DS0’S IN INCREASING SIZE“

50 INPUT"ENTER NUMBER OF POINTS™iNF

92 REM —=——= INPUT PRODUCTIONs EMISSION DATA ~—w===

55 FOR QU=1 TC Qu

8 INPUT"SET ID=*;IDS(QV)IINPUT *PROCESS WGT. RATE ( TONS PRODUCED/HR I $JIX{ QU)LINP
UT?TP EMISSION RATE C(LE/HR)*5JY(QV)

S% INPUT"ENTER PARTICLE DENSITY (a/ee)"5J@¢ QY )IJW QY )=SAR(JACAY))

&0 FOR I=1 TO NF

70 INPUT"ENTER [%0r CUM LOADING FOR EACH POINT5QG( I5QV > YQ( 1,8V IIXAL T QY )=JW QY)
AL TQV IINEXT I

80 PRINT"SET #*iQUINEXT QV ’

81 INPUT®ENTER % OF DS0’S TO BE DETERMINED FOR ALL SETS";LA

82 FOR I=1 TO LAINPUT"ENTER AERODYNAMIC DSO":XD(I)INEXT I .

83 FOR QU=1 TU QUIFOR I=1 TO NFIXNCI)=XQCIsQV)IIYO(T )=YQl T+QV IINEXT I

84 PRINT TIMES!LPRINT TABCS);“TEST ID: *“;IDSCGVIILPRINT “ *ILPRINT TAB(&)3"INPUT
DATAL PROCESS WEIGHT RATE ="iJX(QV )" TONS PROD./HRYILPRINT TAB( 24)5"TOTAL
PARTICULATE EMISSION RATE ="5JY(GV);* LB/HR":LPRINT TAB(24 )i "PARTICLE DEMSITY =*
WAL AV ) ® GsCCT

85 LPRINT * ®iLPRINT TAB(6)i“MEASURED SIZE DISTRIBUTIONY (LPRINT v »

86 LPRINT TAR(&)$ "CUT(um) CuM, Z < CUT"ILPRINT * *»

88 FOR I=1 TU NFILPRINT TAB(&)} QGUIQV )" “FYOC T IINEXT ITLPRINT® "SLPRINT

B NN=8IRR=NMINw4iR=N

0 MP={ (NF=2)XN YENN+1

?1 JE=JY(QY )/IXC QY )

92 LPRINT “ "ILPRINT TAB(&);*QUTPUT DATAS TP EMISSION FACTOR = “§JE; " LB/T
“50.5KJEF" KG/HT)"ILPRINT* *ILPRINT * "3ILPRINTTAB( 41)5“EMISSION FACTOR"

73 LPRINT TAB(&))i"CUT C(uma) CuM. Z < CUT CLB/T) CRG/MT )Y ILPRINT

?0 REM ——=~= SPLINE FIT OF WEASURED SIZE DISTRIBUTION ==——
96 REM ——=== BASIC TRANSLATION OF "SPLIN2® V1 02/22/82 =====
100 N2=NF-2

110 FUOR I=1 TO N2

120 Ju=N-1

130 IF N2=1<0 THEN 150

140 JJI=N+2

150 M=( I-1 )RN+L

160 X(M)=LOG(XNCI))/0G

170 Y1( M )=LOBL YOC 1) )/06

180 XI=(LOGLXNC I+1))/706-L0GK XNC I))/06 /R

190 FOR II=1 TO 3

200 M=I=-1+11

210 B IT)%L06( TO( MM ) )/06

20 K=3x(II-1)

230 FOR J=i TO 3

240 M3=i-1+y

250 AL K+d )= LOGE XNCHS ) )/06ECTTI~1)




290 FOR J=1 TO 2
30 SL=B 2 )428BC 3 ITLOG XN T+J=1))/08

310 IF SL>=0 THEN 350 .

329 BC2)=CLOGE YOO T+1 2/Y0C 1)) 1/0G/(LOGE KNG T4+1)/XNCT 1)/06 ) 1 BC L )=LOG( YO 1) )/0G=R( 2 )%
LLGE X I ))/706

330 B3 =0y

350 MEXT J

Sa: FOK J=1 TO JJ

370 Kam+)

380 XEK)SLOGIXNC I ) )/06+I%X]

90 VLW )=BCL B 2)HEXCK 4B TIEX(K L2

v MEXT JINEXT I

410 FOR [=1 TO 3

420 ka3 I-1)

230 FOR J=)} 10 3 .

440 RS iH J-1)%N

450 MK+ r2X0H 00 T-1)

450 MEXT JIHENT I

470 FOR [=1 TO 3

280 MSIN I-1)SHIB( I )SYLICH)INEXT I

490 0S=20

SU0 COSUB Sduy

S1i0 5L 242290 3)9%0 1)

520 IF Bi>=¢ THEN 804

530 FOR I=)1 TU 3:1ACI)=1INEXT I

S AC4 XTRCL)I=(XNCHEL )=X2 1))

SSU M7 )=el 42

“2 FOR I=1 TO 2:N=32L:FOR J=2 TO 3

S70 el CI=2)2H ) LAl ) )=XC A DT INEXT JINEXT I
580 B i)=v1(1)

S9C FOR I=2 TO 3iM=1+0(I-2)XH)IB(L)=Y1¢(H)IINEXT I
595 KS=v iudSUl Sogu

&ury FOR I=1 TQ 3

610 CCLLsIISBULIINEXT I

ti3 {I=1

2720 IN=MP=NN~-1

37 FUR [=II TQ IN

aay JA=liR1)=0

850 FOKR J=2 T0 3

GED N=1=}

&70 IF [=1 THEM K=

620 B L =B L HCJ=-1 2 COCNyd ) IEXC T IC( J=2)

690 MEXT J

FU0 BU2ISCOINS L)

20 FOR =2 TG SILET BC2)=BC2)4CO0Ked DX IIL(J=1 ) INEXT J
730 B35 )mv1CI42)

740 FOR J=1 TO 3il=id J-1)E33ACL )= J=1)85¢ DI J=2 ) INEXT J
7SO FOR J=1 TQ 3iK=J~=~1IKKsS3IEKI1A{NEE2)mX({ L IENINEXT J
760 FOR J=l T0 3iN=J=11KN3ZEKIAL KN+3 )=X( T+2 )N INEXT J
770 NS=g

780 GUSUR S0U0U

790 FOR J=1 TO 3:00CIeJ)=B(J)INEXT JINEXT I

80U IF JJISUNP=i) THEN §14¢

810 OS=LOGL XNONF 3 )/0G-LOG XN( KF=1) 170G

829 XI=US/Ri

30 Ne( HF=2 )N+

840 XD=L0G( XNC NF=1) )/706 $ XM=L 0GB! XMCNT ) 1706

B3U  tL=NE=Ny

BE0 YL YIONL)

870 OE=COC Ty 2 )4+CO0 INy 3982850

e FP=CR INvi)

« 870 FOR L=2 T2 3

FOo PP=PRPECO TNSLDEXDC L-1 ) INEXT L
Y10 DN=DERC 10CPF IXZ, 302583




$30 GOSUR 70U

935 HITNN+2

94y FOK =1 TQ N3

950 J=RLEX(J I=KOM I IRX]I

960 IF X(J)<Z5 THEN 1000

970 V1€ 3)=LOBE VOUNF ))/08

98O LOTO 110%

100 RER

Lirif Y10I)=BCL )

1020 FUR K=2 TO 4

1030 Y10 )=VLACJ BN IXXC I ICR-1 ) INEXT K
1040 Y10J)=L06CY 16 ))/068

110G MEXT I

1110 LI=NP=NN-2

1020 (N=NP-i

1130 GOTO &30

ii40 LS=NP~i

1160 FOR I=1 TO LA

1180 L1=LUG(XDN 1))/06

1190 (S=NP-i

1200 FOR J=1 TO WP

§2210 LF DLHXCJI) THEN 1300

1220 [8=d-1

L2306 J=NP

1300 NEXT J

y2i0 CF 151 THEN IS=1 ,

1320 vDaCOL ISy i }FL0C ISy 2 %01 4C0O¢ IS, 3)XD1%XDL
1330 DY=10EYD

1340 LPRINT TARCS)$XD(T )3 TAR 20)i DY TAB( 36 )5 DYKJE/ 1005 TAR( 5050, 005XV KJE
i35C MEXT 1 :
13SL LPRINT TARC&)$ " "({LPRINT TAR(&); “END OF TEST SERIESY
1340 LPRINT TABCG)S" *ILPRINT" " (NEXT QV
i355 PRINT TINES

1370 PRINT "END OF RUN“! END

5000 REN ROUTINE SINQ

5010 TL=0

5020 KS=0

5030 J9==3

5040 FOR J2=1 TO 3

SUS0 Jr=2+4i

SUE0 J9RIF+3HE

5070 RAsy

5080 [Ta)9=J2

5000 FOR L2242 TO 3

5506 LJ=LT+I2

Sil0 IF AHGIEA )=ARS(ACIJ))>=0 THEN 5150
520 BAzA(TJ)

Si30 CM=I2

5150 NEXT I2

5140 IF ABS(EA)-TL>0 THEN 5200

5170 KSai

5180 J2=31G0TO 5395

206 Li=2+3K0I2~2)

5210 LTalH-J2 i

5220 FOR K2=J2 10 3

5230 (1=1L+303aTi+LT

540 Sashl 11)

5250 Ad11)=a13)

5260 ACI3)=5A

5270 ACTL)=ACLL /BAINEXT K2

3280 Sa=R(N)

5290 BCIM)=EI2)

5500 B(J2)=6A/BA

S310 (F J2=7 THEN 5395




G5an
L3S
SZ&0
S370
5380
B3N
9392
3398
3398
S=00
Sai0
4N
Y4
G40
-]
LY. g
5470
5480
5490
9500
7OUG
7008
7Ui0
7029
FOdn
Jir40
70490
7060
7070
7088
7O
7100
7120
Fizo
7149
7145
7150
7ied
7170
7180
7590
7200
7210
7250
7260
F300
73510
7320
7330
7330
7400

LZs{Q+IX

IT=W2-IX

FOR JIX=JY TO 3

AX=SE(JX-1 M LX

JZ=XX+IT

RO D=0 XX = ACTZ )l JZ)IINEXT JX
ECIN=BOIX =B J2I%G0 IZ)iNEXT IX
NEXT g2

LF KS=] THEN $590

Ny=3-1

LT=3%3

FOR J2=)y TO HY

La=IT=d2

IB=3-J2

IC=3

FOR K2=1 TO J2 )

BCIR Y= IB)-&( 1A IXECIC)

la=1a~3

LC=IC-L1INEXT N2UINEXT J2

RETURN ’

KEN ROUTINE OSCFIT

PRINT *700C¢"iTINES
HI=QIGT=. L IXX=XHiLX=XM=AD
S1=0X/99::8=0

NZ=NZ+1
Lisafi=sasl2=-LiiL3=Liniiila= 2412
LS=L3kLiiLa=L4xi2

Ni=YL/S

K. 2==2RVL/LS

K3=Yr/L4

K 4==222YH/LS

NI=NMAZ

B4 )=KZENLHKD .
BC3 I RIHKI—( 2EXX+XD X N24KT )= 2EXDEXXE IR N4 ))
8¢ 2r=0 (K2+85 )0 XXRAX )+ 2EXDEXX )4 N4 YXCCXDAXD )+ 28XDXXX ) )
B 2)=B¢ 21281 kX N=-22R32XD

BOI ECRKLECXKEXX )+L 3RO XDEXD )= XD XXEXX J¥C N24KS ) )= ZDEXD IEXXE( K4 )
X2=xD-81

FOR (2= TO 10¢

K2=xX2481

LF X2>XX THEN 7250

1 PaZXBCA RO X2EXN2 YE 2B 3 )IN24+B(2)
W4=0IF YP<Q THEN AX=XX-ST!I2=100iM4=1
NEXT 12

IF Wé=i THEN W4=0:G0TO 7030

IF WZ=1 THEN 7400
XASKX+HSTIST=8T/10

(F ABS(ST ) 1E-&6 THER 7350

60TA 7030

XX=XX-10%3T

LS=XXIPRINT TINESIRETURN




Y CLs

10 CLEAR 4900
19 0G=L0G( 10): 1220 XX=0 D=0 X220 YP=0ST=0 INZ=0 1 XM=0tLX=0:51=05 Y1202 YN=0 ! Iwi=0 1 L1
SO LLI=ILI=0Le=0 L 5=0

i1s L6=03N1=08K2=02K3=0£N¢=0:N5=0:N6=0:JY=0:J9=OSIT=0:IJ=OSIH=0§Il=0

i7 K2='IJ:13=0!TL=02K5=O:BA=0:SA=O!IG=0:IX=0:IZ=0!JX=O:IA=0:IC=0:IB=O

20 DIM XWC10)rYOU10)sXUS3)rAC L89B 4)0C0( 5013 )rY1( 53 X153 XACL109S0 )9 YAC 10950 )y
Y2010) 9 INGCE0 ) IXCS0 9 IV 502 UAL L0550 )5 JAC 10D JWC 10 )

30 PRINT'PROCRAM SPLIMZ FROM FORTRAM ORIGINAL 02/22/82 v1©

31 LPRINT * “iLPRINT * “LPRINT TARC 22)i"SPLIMZ PROGRAM - 02/22/B2 V1Y :LPRINT * *

1l REM —m——meme— R QGRAM "JSKRAW"

40 [NPUT"ENTER # OF DATA SETS"iQu

45 PRIMT*ENTER DBS0‘S IM INCREASIMG SIZE"

46 PRINT"The last entrse inrutled MUST be the lLarsest rarticle dizmeler using Lh
e density entered" .
S0 INPUTPENTER NUMBER OF POQINTS™iNF

55 FOR Gv=1 TO QW

N8 IMPUTYSET ID="; IDS( GV ) INPUT “PROCESS WGT. RATE( tong maving/nr )=" 50X OV INPUT
"TP EMISSIUON RATE ( lbshe)=*3JYCQV)

3% INPUT "ENTER PARTICLE. DENSITY (g/ce) ="; JQC Qv ) Ju(av I=Sar( Jas av )

& EFQOR =1 T8 NF

70 IMFUT*ENTER 050+ RAW LOADING FOR EACH POIMT"5QQ( TGV )9 YR IsQV DI XOC ToQV =W QYY)
FAU I QUIINRENT T

g0 PRINTYSET #*3QVINEXT QY

S1 INFUT"ENTER # UOF DS0‘S TO BE DETERNIMED FOR ALL SETS"iLA

82 FOR I=1 TO LA'INPUT"ENTER AERODYNAMIC DSO";XD{I)INEXT 1

93 FOR A=l 10 QUIFQR I=1 TO NFIXMCI)=X@( IsQV)I5Y2( I)a¥Rl I.QY IINEXT I .

84 PRIMT TIMESILPRINT TAB(S)S*TEST ID: ";IDSCQVIILPRINT * ":LPRINT TARL 63" INFUT
(ATAL PROCESS WEIGHT RATE =*3.JX(@Y)i" TONS PROD. /HR"ILPRINT TAB(24):°TOTA
L FARTICULATE EMISSION RATE ="3JY(QV )5 "LRB/HR" ILPRINT TaABC 24)5"FARTICLE DENSITY =-
+ARAY )®G/CE )

85 LPHINT " "({LPRINT TAB(4& )$"MEASURED PARTICLE SIZE DISTRIBUTION" ILFRINT " ":iLFRJ
Ml TAR{ &)i"CUT Cum) RAW % < CUT CUM. Z < CUT"ILPRINT " °“:1YQ(OQ)=OLFOR I=1 [
O MFLYQ(I)=YO( I=-1)+Y20 I )INEXT T .

84 FOK I=1i TO NFIYQCL)=YO0(I)/YOCNF)X100

89 LPRINT TAR(S)iQACISGY) »" "EY2( I )s"® "FYOCIDINEXT IILPRINT™ *

8% HN=QIRR=NNIN24R=N

SO NP Ol ME=2 )N Y ENN+L

1 e QU)/IXaY )

P2 LERINT * *{LPRINT TAM & )i*0UTPUT DATA: TP EMISSION FACTOUR = “35JE$" LB/T <
" O0.SKJEI" KEB/MT I SLPRINT " “SLPRINT " *ILPRINT TAR( 395 "EMISSION FACTOR™

Y3 LPRINT TAR(&)5"CUT (uma) CuM. %2 < CUT (LE/T) (CREG/MT I ILFRINT” ™
100 MIeNF-2

1i0 FOR =1 TO N2

120 JJ=N=}

130 LF H2-1<0 THEN 150

L40 JJ=N$2

LSO = =1 )Xi+1

L60 XCMI)=LOB( XNCT ) )06

170 Yi(M)=,06¢ YO T ) )/06

1860 XT=(LOGIXNC I+1 ) WOG-LOGL XNC I))/0C /R

190 FOR LI=1T1TQ 3

200 mMri=l-1411

210 B IT 3=LOGL YOO MMt ) )/06

220 K=3% L1-1)

230 FOR 2X=§ TO 3

240 M3=I=-1+d

250 Al kd) IS LOGIXMC M3 ) ) /00 )C(IT-1)

260 NEXNT JLHEXT 11

270 /RG=0

280 GOSUR 500

A-6



Z20 KO 2)=¢CLOG YO L2 )/ YO Y )))/0G/CLOGE XNC T+1 )/XNC T) /706G ) SR 1)=L0GC YO( I ) /OG-8 2)H%
LOGIXNCTI) )06
320 B 3)api=2
3540 NeXT 9
360 FOR J=L TO Jd
370 K=ht)
389 X(K=LOGE XN T ) )/006+J08XI
390 YA(K)=BI1 )+BC2)xXC K )+R 3)¥X(K )2
A0Q NEXT JIHEXT I
410 FOR I=1 TO 3
420 K=38 [~1)
430 FOR J=1 TO 3
440 M=14 J-1 )N
430 GCEEd )=XCM N L-1)
460 HEXT JINEXT I
470 FOR I=1TQ 3
489 M=14C I-1 )XRIB( LISYL(H)IINEXT I
490 KS=0
S00 GUSYE 9000
S3i0 SLEBC 2 H2XB(3XEN(L)
SZ0 (F SL>=0 THEN 4600
G30 FOR [=1 TO 3i4(I)=1INEXT I
540 A 4 EXCL)={ XCHt+L =X( 1))
S50 e 7 =AC42
960 FOR I=) (0 2iN=3X1:FOR J=2 TQ 3
S7TO M=LMCI=2 )RR ACKES )=X( M )CINEXT JINEXT I
S80 BC1)=Yi(1)
S70 FOR I=2 TO 3iM=1H(I-2)xH)IBCII=SYLOMIINEXT I
3935 KS=0160SUP S000
400 FOR =1 TQ 3
AL COtls X =B L)INEXT I
615 (1=}
G20 [H=NF ==
630 FOR (=11 (O IM
640 JJ=1IBC1)=0
&% FOR J=2T0 3
460 K=1-1
&7 IF I[=1 THEHN K=]
S80 B 1)=B01 M4C(JI-1 IR COCK,» I NXX(IICCJ=2)
&29 NEXT
TO0 B 2)=CHUKe1l)
720 FOR J=2 TO JILET B 2)x=B 20 CU Ko JIEX( I I0C S=1 )INEXT J
739 BCIr=YLOI+2)
740 FOR J=1 TO ZiL=14C J=L Ix3lIF J=1THENAC L )=OELSEAC L )=( J~1 )¥X{ 1 )\ J=2)
TAS HEXT J
7350 FOR J=1 TO 3iK=J-1IXK=SRRIACKRE2)sXO T R INEXT J
769 FOR J=1 TO ZiK=J=1i1KK=3RKIAMKK+3)=XCI4+2 K INEXT J
770 KS=0
780 GUSUER S000
790 FOR J=1 TO 3:COCIsJ)=B!J)INEXT JINEXT I
800 IF JJ=(Ne-1) THEN 1140
810 OS=L0GC XN KF ) )/70G-LOGC XNC MF -1 ))/06
20 XI=QS/RR
830 H=(NEF=2 JEN+L
Ba0 XD=LOG( XNC NF-1 ) 170G ; XM=L QGL X8(NF ) )/0C
20 ML=SNE-NN
8480 YL=10LUYL(NL)
870 NE=COC I¥y 2 )4+COC INs 3)52%XD
829 Pe=C0{ [Ns1)
899 FOR 1.=2T0 3
200 PPst+CO IM L )EXDUCL=1 )INEXT L
910 Dm=pews 100FP X2, 302585
Y20 YR=Y0( NF)
P30 LOSUR 70600




G4 FOR [=% TO N3

FEQ d=asl XS sNim I+ I¥X]

a0 (F X(J)I<ZIS THEM 1009

WG Y1CQ)=L000 YOUNF )')/UG

P40 GOTO 1109

OO0 HEM

10i0 Yi(JI=R(1)

1020 FOR #=2 TO 4

1030 YL )=V ) HEROEDRXCIIC(R=1 MNEXT K
1040 YLC)=L060YI( ] 1)/00

L1000 HEXT

1100 LiaNe=Na~2

1120 L[NaNFw}

1130 6O0TO &30

11i4) I[S=MP=-]

1180 FOR =1 TO LA

1180 1=L0GIXD 1)) /06

1190 L§=N&-}

1200 FOR J=1 TQ NF

1210 IF LisX(.2) THEM 1300

12329 [8=J-1

1230 J=Ne

L300 MEXT Q

1310 (F I8<1 THEN 1S=1

1320 YDh=CO( (Se 1 MCOC £S5, 2 )%DL+COC ISy 3 )¥DLADL
1330 Ly=i0LYDh

1340 LPRINT TAERCA)FXIC L) TARC 20 DY TARC 34 )iDYXJE/LOOF TAR( S0 )i0 . 0O0SKIYXJIE
300 NEXT [

1340 LPRIMTY "ILPRINTY “INEXT QV
1382 LPRINT TAR(&)s“ENDR GF TEST SERIES"
1345 PRINT TIMES

1370 PRINT "END OF RuUM®{ END
000 REM ROUTIME SIMGQ

5010 TL=0

Y020 1K8=0

G030 J9==3

5040 FOR JA2=1 70 3

G080 AY=J2Z+1

5040 29a39+3+1

S0O70 Ka=0

5080 (T=19=-92

B9 FOR (2=02 TO 3

5100 LJ=(T+I2

S110 IF ARSIBA)I-ABS.A( IJ))»=0 THEN $5150
3120 Raza( lJd)

SL30 =12

Hi5%0 HMEXT 12

2160 (F ARS(BAI=TL>0 THEN 5200
89170 KS=)

5180 J2=3:G0T0 5393 .
S200 L1=J2+3¥(J2-2)

G210 (T=IM-32

9220 FOR K2=42 T0 3

H230 (1=L143313=11+1T7

G240 Saza(Il)

8250 Acll)=ac(3)

G260 ACL3)=8A

G270 A(ll)=AC L1 )/ BGINEXT K2

5280 Sa=g( (M)

L290 B IMH=RCIZ)

SIGU B JR I=ELBA

$3i0 LF J2=3 THEM %375

G320 (U=3%J2=1)

5330 FOR (X=Jdy TQ 3




S350
S 3600
539
5392
5393
5398
5400
5410
5420
5430
D44
545
G460
S470
3480
5490
3590
7090
riaQs
JOLO
fulo
AT "]
F &l
Fus
760
70N
780
7O
7190
LN
7130
7140
7145
7130
7i89
7i70
7180
7i%0
7200
7210
7250
7269
7300
7xi0
7320
7330
7330
7 400

FESSFCIXK=-1)¢IX

JI=X AT

ALXK = XA )= A(IZ w6l JZ) IINEXT JX
RE[XD=8 (X =RCIZIHAL TZIINEXT IX
NEXT a2

IF KS=1 THEN 5500

NT=3=)

LT=5¥3

FOR 02=1 TO MY

LomIT=y2

1p=3~=-02

=3

FOGR k2=1 TQ J2

BOIBI=f (BYA¢ IAFK IC)
LA=IA-3

LC=2XC~-1INEXT KIMEXT J2

RETURM

HEN ROUTIME OSCFIT

FRINT "7000°3TIRES

MZ=0:8T=. 1 iXX=xmiLX=xn~-X]

SAHX/FYIG8=0

NI=MZ+1

LISKD=XR L 2==1IL3=L1oL ] iL4=L2% 2
LO=SL3ITLIILA=LAXL2

Ki=YLAS

K 2==20YL /L5

K3=YM/La

l4==20YM/L6

K=l

£ 4 ISFIHN 44KD

B3 )=(RKL+X3=( 2XAX+XD )X F2+KS )~ 2RXD+XX )¥( K4 3)
Re 23 (K24KS )P CCXNEXX )4 2EXDEXX )+ K4 )R CXDFXD )+ 23XDEXX ) )
¢ 2 )= 2 )=-24K 1 XXX-2XK3%XD

B ) KIXC XXX IFOXDEXD )=XDFC XXEXX IRCK24KD ) )=( XDEXD IFXXE( K4 )
x2=xp=451 '

FOR I2=1TO0 10

X2=X24+81

IF X20XX THEN 7250

YPEIB 4 )R XXX )+ 228 JIXXT+BC 2)

4= IF YP<0 THEN XX=XX~ST:I2=10QiuW4é=1

NEYT X2

IF Wé=1 (HEN W4=0:GUTO 7030

LF HZ=1 THEN 7400

XKX=AX4+8T18T=8T/10

IF APSIST XIE-6 THEN 7350

GOTQ 7030

XZ=XX~10%ST

L9=XXIPRINT TIMES !RETURN







APPENDIX B

EXCERPTS FROM REFERENCE DOCUMENTS USED IN THE DEVELOPMENT
OF PARTICULATE EMISSION FACTORS




Excerpts from

REFERENCE 8 (SECTION 4.0)

Rovang, R.D., Trip Report, Paul Lime Company,
Douglas, Arizona, U.S. Environmental Protection
Agency, Office of Air Quality Planning and
Standards, Research Triangle Park, N.C. January 1973
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Lngineors Tesling Labaiatorizs, Inz.
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B0 A

SEP2 ‘g"‘B SEPTEMBER 1972

PaulL. Llnc PLANT, INC.

P.0. DRAwER-T— -
.DOUGLAS, AglzoNa BSB0O7

ATTENTION: HOWARD AMES, JR.
' -——&EH:RM. MAMAGER

RE: SrAcx_EuuSS|ous ANALYSIS on No. 4 Kiun Joe No. 243-443
RESAMPLE AFTER CHANGE OF Fil¥ER — invoice No. 40-807
MEDIUM 1IN _DusT CONTROL SYSTEM

ENCLOSED -ARE IHE RESULTS or THE STACK EM15S10NS ANALYSIS PERFORMED
SerTEMBER 20, 1972 oM THE DUST COLLECTION SYSTEM FOR THE NUMBER

2 Riip Sr woum LiwE PLANT FOLLOVING THE CHANGE OF THE FILTER
MEDIUM 1M THE DUST coxTROL SYSTEM, TH1S azpoar 1S A SUPPLEMENT

TO THE HIITIAI. STACK 'HISSIONS AIALYSIS ON \IO. 4 KlLN REPORTED ON
29 JuLy 1972 as Job No. 240-386. o L Lo

SuMMARY OF RESULTS -

Pl L.l L A A

TesT NO. 4. o o o o o o o = = ¢ 15 LBS. PARTICULATES PER HOUR
© TesT No; 5. v o o o o s o = o o 15085, PARTICULATES PER HOUR

iy

. - - )
THE KILN OPERATED AT A RATE OF 15 TONS PER HOUR ounnuc tTHE TEST

PER100. THE STATE OF AR1IZONA PARTIGULATE EMISSIONS STANDARD 'S
APPROXINATELY 25°LBS. PER HOUR TOR THE 15 TONS PER HOUR PROCESS RATE.

———,

RESPECTFULLY SUBNITTED, : e T
* ENGINEERS TEST ING LASORATORIES, INC, '

L1 / Emrn s | l'-/ ‘ fk

SR mumcr., JRZ Pz'n:a F. ALLAR_.J_P P.E.
/Fa - : ’27‘

copiEs To: ADORESSES (3) e
DIVISION OF AIR POLLUTION conraou (2)

) -

DATA USED IN TEXT FOR REFERENCE 8




PUNG LTCANQ N Y- 1" XV S Y NN ) AT TR

T CONGITIONS: 15 TONS PER HOUR

1 10 BALETIN WAe30 FOR TEST PRGCTOURE, LAMMING RATE AND FORMULAE WSED:

s s " Pt G SIACK MESRAE INCHES OF Hp. ARk 25.80
nMe "-"3.":'?“ vac. METER RaTE FLUE OR $TACK TEMP. °F OR*C ___360
. . N,y Lo
METER VOL. wcrm: 81.66
0 PorT 1|[196.13 74 METER TempP, o» 100
T SAURE NOZZLE DA, ONCHES) : 0.188
120 ! 200.63 S 78 COLLECTION, EAFEED TIME OF TEST (MRTES) 120
5:00 | 2 205.74 7.5| 84 T s -
' . ’ DRY WL TEMPERATXE « 380
- . .
12:30 | 3 210.38. 8 a9 CALCULATED FloisTure: 5. SR s voume
, WEIGHING DATA ’
10:00 4 216.36 7.5 3. . CYeLoHE N, Aeene. ] mmnGE NG, ]
| o - 8.3563
17;30 | 3 221,33 7.5 | 97 Tare . B.1996
et : 0.15867 0.1283
15:00 | & 226.49 7.5 101 : .
oraLont e,

32:30 |7 21‘31.44 7.5 | 106 ‘"'-ﬁ"“"- 0.1567 |

IMANGER MO, 0. 1263

DATA USED Il CALCULATIOHS SHOWN IN APPENDIX C

0:00. | 8 z36.2d 7.5 108 || eeoiaie
) Port 2 a8 'fo-rup\-gnlvoh.81'66. 4'83.86‘49;:u.n.m_51z;c=~n.':
, : ‘ 86.4S, 1, 820 126,635, 1 srecx como.
130 [ 1 240.80 5 103 HeTeR e = . 1. BTASK EOND.)
. ZON on :.2_8.3_3“‘ x5 Q. Oa4cu./cu. FT. (5TACK COND.)
= . FT.
'5:00 | 2 245,78 7.5| 108 . 126.65
- _ AT B e 0,034 ever x 2| 79%usw } 15
212:30 | 3 251.18 @ 111 : 5%
10,00 | 4 |l2se.5q 9 | 112 S R )
37:30 | 5 261,99 9 4 115
15:60 | 6 267.44 9 111
52:30 | 7 - ||272.3G 9 " 1i0
30:00 | & z77.79 7.5 108



Rrats LOCARCON

Payt SPEER, ARIZ

ONA

JATA USED IH CALCULATIONS SHOMN IN APPEDIX C

ﬂwm' .15 tons PER HOUR
lnm-n-sfmmmmmuanummm - .
as arer AU O STACT PEESSKE MWCHES OF My, AN, 25.64 -
Tk ) oz WRNATE | g on stack T, F CRE __360
a.em. ogri e
METER VOoL.wrm) 40,07
o |port 1{j277.79 96 METER TEMP. o 109
i J SAMPUE NOTTLE DIA, OMCHES) " 0.188
:30 2 |l282.56 8 101 ereas N
OOV MAS . 360
1213 3 284.40 8 104 CALCULATED MOISTURE 7.29
. o wataaNG BATA
500 | &4 U287.68 9 105 B oo, mmwe. 2 wemcaro. 2
. [~ .
) 8.0206
- 1 ) -
3:45 | 5 |les0.3q 10 05 - 79408
L 0.0798 0.0628
2:30 [ 22,19 10 105 5
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Excerpts from

REFERENCE 10 (SECTION 4.0)

Maurice, R. L., and P, F, Allard, Stack
Emissions on No. 5 Kiln, Paul Lime Plant,
Inc,, Engineers Testing Laboratories,
Inc., Phoeniz, AZ, June 1973.
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Excerpts from

REFERENCE 12 (SECTION 4.0)

Air Pollution Emission Test, Dow Chemical,
Freeport, TX, Project Report No. 74-LIM-6,

U. S. Envirommental Protection Agency,

Office of Air Quality Planning and Standards,
Research Triangle Park, N.C., May 1974,
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Ezcerpts from

REFERENCE 13 (SECTION 4.0)

Schock, J. B., Exhaust Gas Emission Study,

J. E. Baker Company, Millersville, OH,

George D. Clayton and Associates, Southfield, MI,
June 1974,



-~ EXHAUST GAS EMISSION STUDY

J.E. BAKER COMPANY
Millersville, Ohio

. ' ) ' INTRODUCTION

"The J.E. Baker Company retained Ge&rge D. Clayton & Asscociates
to evaluate the emissions from the Fuller cooler stack on the
No. 2 kiln and the scrubber exhaust stack on the No. 1 kiln at
its operations in Millersville, Ohio. The study included the
measurement of particulate emission rates, exhaust gas composi-
tion, temperature and flowrates. Addltzonally, sulfur oxides
“emission rates were measured on the scrubber ‘outlet.

Messrs. Robert J, Brumer and Jonathan B. Schoch of Clayton &
Associates conducted the study on May 21-23, 1974. fessrs.
Peter Hess of the Ohio EPA, Anthony Maccari of Air Pollution
Industries, Inc. and Lewis H. Dorward of the J E. Baker Com-
pany also observed the testing.

v . . R

’ ) DESCRIPTION OF PROCESS '

Dolomite stone from the adJacent quarry is screened washed,
dried and conveyed to hopperc where it is stored prior to feed-
ing to either of the two rotary kilns. Stone and coal are fed
to the No. 1 kiln to form dolomitic lime, while stone, coal,
and{ﬁiﬁzﬁare fed to the No. 2 kiln to form dead-burned dolomite.
As the stone slowly tumbles down the kiln, hot exhaust gases
from the combustion of the coal travel counter-currently to it.
The calcium and magnesium carbonates decompose in the kiln to
form calcium and magnesium oxides and carbonr dioxide. Entrained
dust, combustion gases and by-product carbon dioxide from the
No. 1 kiln are dlscharged to the wet scrubber.

The. scrubber is a venturi type manufactured by Air Pollution
Industries, Inc. which sprays approximately 2,200 gallons of
water per minute and operates at a pressure drop of approxi-
mately 13.5 inches of water across the venturi thrxoat. The
cleaned gas is then exhausted to the stack, while the dirty A
scrubber water is sent to a settling pond located in the quarry.
This water is then recycled. - , :

- LA .‘.

At the lower end of the No. 2 vrotary kiln, the hot dead-burned |
dolomite 'leaves the kiln and falls onto a grid. A centrifugal
fan forces air up through the grid cooling the dolomite to tem-
peratures at which it can be conveyed. After passing through

‘the grid, the cooling air either enters the kiln, where it is
P;ed as combustion air, or is exhausted through the cooler stack.
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Excerpts from

REFERENCE 14 (SECTION 4.0)

Eggleaton, T. E., Air Pollution Emission Test,
Bethlehem Mines Corporation, Annville, PA,

EMB Test No. 74=-LIM-1, U,S. Envirommental
Protection Agency, Office of Air Quality Plaaning
and Standards, Research Triangle Park, NC,

August 1974.
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TABLE 1
SUMMARY OF PARTICULATE RESULTS

JATA USED IN TABLE 4-1 AND IN CALCULATIONS SHOUN IN APPEMDIX C

DATE 1-22-74 1-23-74 1-24-74 AVERAGE
RUN LM-1 LM-2 LM-3
A" DUCT: TOTAL TRAIN
gr/scf* . 0.024 0.024 0.025 0.024
1b/hr 2.77 2.25 3,39 2.80
FRONT HALF** |
gr/scf* 0.020 0.021 0.021 0.021
1b/hr 2.32 1.98 2.78  2.36
% of total 83.8 88.0 82.0 84.3
“B" DUCT: TOTAL TRAIN
gr/scf* 0.035 0.041 0.051 0.042
1b/hr 5.13 7.83 7.01 6.66
FRONT HALF** '
gr/scf* 0.032 0.036 0.048 0,039
1b/hr 4.62 6.92 6.62 6.05
% of total 90.1 88.4 94 .4 90.8
SYSTEM:  TOTAL TRAIN |
gr/scf* 0.0305 0.0354 0.0380 0.0316
1b/hr 15.80 20.16 20.80 18.92.
FRONT HALF**
gr/scf* 0.0268 0.0310 0.0340 0.0306
— 1b/hr 13.88 17.80 18.80 [16.33|
| % of total 87.8 88.3 90.4 89.0
TOTAL: 1b/ton of feed 0.263 0.336 0.347 0.315

CORRECTED FOR | MARGER CATCH

* 70°F, 29.92" Hg, dry
** Probe & Filter




TABLE

5

Summary of Operating Variables

Date 1/22 1/23 1/24
Test No. 1 2 3
Stone feed rate (tons/hr) 60 60 60
Coal feed rate (tons/hr) 5.1-5.5 5.25 5.5
Water (gallons/min) 28-29 28 31
Pressure drop (inches of W.C.) 4.3-4.4 4,3-4.4 4.1-4.3
Kiln speed (RPH) 78 78 78
Feed end temp. (°F) 915-925 910-920 920-930
Product temp. (°F) 175-185 160-180 160-165
Baghouse inlet temp. (°F) 505-520 485-490 520-530
10

B-20

DATA USED IN CALCULATIONS SHOWN IN APPENDIX C



Excerpts from

REFERENCE 17 (SECTION 4.0)

Air Pollution Emission Test, Marblehead Lime Company,

Gary, Indiana, Report No. 74-LIM=-7, U.S. Enviroommental
Protection Ageuncy, Office of Air Quality Planmning and

Standards, Research Triangle Park, NC, 1974.

B-21



L-t 378¥1 NI 435N Yiva

§°Y5 L'E9 'S 145 269 9 it 2°8¢ Yo3e) Jabujdwy Juadsay
9591°0 -£531°0 2Er’0 g6LL"D 9191°0 5502°0 64610 paay uol /gL
2c’g €E°9 'S N 9%’ - 9'¢ 9E°L dy/q|
0120°0 0120°0 8910°0 £910°0 6020°0 biz0'0 2t20°0 /46
61€0°0 61£0°0 £520°0 ¥520°0 0200 tore°o L9E0°0 . mumaxgm
S'09€ 0'iLe ¥ 02€ 0°S{z . 0°0KE 0°92¢ A i

' © yNe) R0l - SBIE[IIFIIey

. \ 1S Y15 Bod VIO L
1££0°0 _ €090°0 0000 . £150°0 1050°0 6601'0 40210 . pa3j =au\a*—
e6°2 P P B0t 9T TV Y 4
£600°0 4400°0 2800°0 240070 ¥900°0 9%10°0 ErtO'0 . /46
8rio‘o 9100 SZL0°0 6010°0 g600°0 9120°0 £220°0 4250/46
67991 0°zet 2941 L°BEL 901 L°€22 b-z92 * B
- 4a3e) 493114 7 2qoag - Sayvfidfldeyd
02°'BE 12°8¢ 1286 - £9°9€ £9°6E 9L It 94°LE {£tuo suoysawjt) “uy/ucy-s3ry pasy
t20°0 £00°0 1£0°0 0000 , 5%0°0 500°'0 Leo’o . £110edp yoe3s JuIdIa4
816 9°10] 0°001L 9°101L v16 L'E6 . 586 JpJBUPYOS] uddIAg
281°SE 8L0°SE b20°6€ SIE°2E 2E5°SE {€0°EE 6v0°LE HIdy-310y MOL4 Jjajaunjof Yoe3s
80L°'€2 951°€2 8£8°'v2 we'1e2 291°¢2 L0p°22 £62°€2 . WIDSQ-3Iey MOL4 3ja3uwnjop yIeIS
§42 €42 L2 692 ve2 £92 162 do-34njeaddua) yoe3s wbeaaay
S'9 59 b2 ¢ £°9 8y 5°9 ) wngop £q 2.4n35)0l TUIUDY
80° 541 2e°2al vL 26l 617191 16°€9l 69°291 29°i8l 4350-pajdues seg jo aun{op
abesany bi61 ‘€| sunp - pL6l ‘2l aunp ¥26L ‘i1 aunp ajeg
9 S "2 t : . 1 Joquny uny .
SLINN KS119H3 .

AUYHHNS 31YIND144vd

-2 FevlL

2-2

B-22



.
1

J X1GN3ddY I NMOHS SKCIIVINDTYI NI g3sh ¥Yiva

Glgo  GEl, Bls, L re o ew o rE 4919 4abuydu] anag
ae B0 g0 BTO @M S 9 /By
L8t 2°8b b e L'o¢ Ity £'29 165 (0B
0°cL L6 £'95 195 £'€L v 26 9'28 : (i /6w
§°09€ 0Ll b0  0'GL2 00 092  S'bab . “u
4239) (9304 - TBIU(NI]IIeg

¥9£0°0 H“”mmuu.a AT . uoy )78
€c' T (21 ] /B
22 9'¢ L'l bo9l L'hl 9’2t 9°2¢ (/6
£°ce 9'92 9°52 0°52 §'22 b8 115 g/l
6'99L 0761 298l UBLL 9'w0l  L'€22 b2 6w
. 43399 aB3L}d ¥ 99044 - THIOIROFII]

S9°PE  99°VE  99°WE  b0'SE  VO'SE  92'WE . 92°¥E  (K1uo BuGISAWL|) Jy/uD3 W-a3ey O3y
120°0  £00°0 (€00,  000°0 - SSO'0  §00'0 1500 £3)3ud You35 Juanaay
9°L6 9:101  0'001° . 9ol  b°l§ L'€6 " .5°96 2430U}0S] JudIag
966 €66 1o't 116 900‘L  t6 600°L . UpU/W-BIBY MOLJ D}2I2UN{ON HEIS
569 959 50 209 959 59 v49 " Up/ufj-23ey MOLJ da3aun{op Y203
2'sEL e'tel L EEsl  Llel 00l e'B2L 6wl 30-04N1 04303 ) §203§ 3BR.OAY
5'9 59 bl 5 £9 8y 59 aunjop Aq a4nasjol Juaiiag
96° 91°g 9b'g £t b9y t9*y bL'g -patdues 59 Jo aunqop
obroowy  _pgl'ELeuNC_ _pi6L'gLownp_ pggl‘lleuwne ;g _ o

9 - [ t £ F] ' 1 J8qIENY uny ~

SLINN D181
AVHINS ALV INDTLYYd |

¢-2 1navl

2-13

B-23



Excerpts from

REFERENCE 20 (SECTION 4.0)

Air Pollution Emission Test, U. S. Lime Division, Flintkote
Company, City of Industry, CA, Report No. 74-LIM-5, U.S. '
Environmental Protection Agency, Office of Air Quality
Planning and Standards, Research Triangle Park, NC,
October 1974.
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Table SINVMARY OF RESULTS

.
(Brirish Units)

sl ttemm 2w . 1 2 3 Average
4716/74 &4/177/76 4/18/74

764.2 80.6 80.5
44.5

Tare: -

2zz Sampled - DSCF

(2) 78.4

ot 48.0 47.5 46.7
S:acb Temperature - °F

Doween= Maisrure bt Volume **

sveraze o ‘l7h 178 177 176
c-z-k Voluderric Flow Rate =DSCFN° 74901 4775 6797 L824
coack Tciumerric Flow Rate -ACRM'C’ 10701 11154 11084 10980
rercent Lsokinetic 101.3 115.7 106.7 107.9
Tereent Opacity 0 0 -0 0

g2 nETE - :on:’h"’ 14 14 14 1z

-robe, cvcicne, &
iiiter ceatch
=z 104.2

1

: 0.02164 ©
gr/5iT 0.00951 0.
- 1
0

L

191.3

°C 0.03658 0.02855%

51 0.01583 0.Ci248%
1.50 1.17
6.107 | 0.084

145.4

o 0.81
0.065

DATA USED IN TABLE 4-1

1.42
¢.101 0.

Tzrzisolnze - total catch
=c 29.6 181.3 2i1.0 174.0
¢T/DEIT .02691 0.03463 G.05034 0.03413
< 1232 G.01483 0.01746 C.01494%
3 1
0]

)
i
'l
|
o Hroor
= GO

it zon Zeed

o
o
'._I
ol
[
o)

- O P
Taviznt Iupincer

22.2

E
rt
0
l—l
o
o
¥ ]
L]
W
~
H
~1
L]
._l

=} ITrv s=andard cubic feez &t 70°F, 29.92 in.FHg
“Y tees grzadzyé cubisz fes: per minuse at J0°F, T 2 in.kg
* noouol zubis fest per Tizute T

I Averages

eighted

2l oo saturaLed psYehTometric values at Stack temperature.
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Table 2 SUMMARY OF RESULTS

(e

PN - "

Dete: : N (2)
velume of Gas Sampled - Nm
Pewgant Moisture b% Volume **
sverzge Stack Temperature - °(
“ach Volametrlc Flow Rate-Np~/min
; ric Flow Rate-m”/min

(G

rercens Qpacity
i - ¢ rom/tie
Tezl naTe ~ M.ton/hr

Tzrricuizte - probe, cvelene,
and fiirer catch

ko
o 4 e

L

~
b

S

il

ind

roigulates — total cateh

-
ric Uniz

-
e

2

2
ot

n>
i
o
ty
w
¥r3
i

5/16/74 &[17/74

2.100
44.5
78 9
138 8
303.0
101.3

o

2.7

104.2
49.6
22.7
0.40
0.031

129.6

61.7
28.2
0.49
0.039

Texcent Inpinger Catch

{2} 2t normal cubic meter 2t 21.1

\Z) DTy normel cubic meters per minute a
Tz;  fetual cubic meters per minurte.

# Weigh-ed average,

ik Lased on saturated psvchromatric
—_—

e
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2.281
48.0
81.1
135.2
315.8
115.7

12.7

140.8
61.7
26.3
0.48
0.038

181.3

79.5°

33.¢
0.61
0.048

22.3

values at stack tewper

£/18/74

2.278
47.5
80.6
135.8
313.9
106.7

0
12.7

181.3
84.0
36.2
0.66
0.052

12
RS B ]

~1 O O
O D

L]

o= oo &
QW oo,

0

[ 28]
-

ature.

DATA USED IN CALCULATIONS SHOMN IH APPENDIX C



rrolled emissions from loading, =nilll

epsrating processes in the 1=z plant. No visible

“hese coll

ecsors. No sazpling of these emissions

=

iarkore &nc EPA process daia, the plant was opercziing

three tests. The process shut down fcr approximetely

second test due to a blocked feed screw and may result

£or that test. A1l cthree tests appesTrec

rriculzte catch

‘_"ﬂC:‘""'D"f‘ 'I..'\ ~D anhy

-l \.. L B

—— e

OP"RAT:YG DATA DURING SAMPLING

17-318

5 163-16¢
203-206 202-210 208-215
184-192 185-192 188-192
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Excerpts from

REFERENCE 21 (SECTION 4.0)

Air Pollution Emission Test, J. M. Brenner Company,
Lancaster, PA, EPA Project No. 75-STN-7, U.S.
Envirommental Protection Agency, Office of Air Quality
Planning and Standards, Research Triangle Park, NC,
November 1974,
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TABLE I

SUMMARY OF PARTICULATE* EMISSIONS

J.Hl
Lancaster,

November 19-22, 1
Dimensions:

Brenner Company

Pennsylvania
974

IS SHOWN IN APPENDIX C

'Sampled Source: Quclet A 16" x _13-1/4"
Test Number 1 2 3
Date 11-19 11-21 T 11-22
Sanpling Start 14:21 12:10 09:03
Period Stop 16:23 16:20 13:59

‘ am3 (1) 1.547 7.088 7.173
Sampled DNm3 (2) 1.524 7.219 7.403
Volume acr  (3) 54.64 250.3 253.3

pscF (%) 53.80 254.9 261.6
Percent Moisture by Volume 1.0 0.5% 0.1

| Average stack| °C 19 3.3 6.7

I Tenperature °F 66 38 44

f aAnd/sec (5) 3.46 . 3.57 3.55

i Stack Gazs DNm3/sec (6) 3,43 3.64 3.68

¢ Flovrate ACFM (7 7340 7560 7520

[ DSCEM ___ (8) 7260 7720 7800

| Percent Isokinetic 106.6 97.3 98.9

N 9

" reed Rate M _tons/hr(9) 120 108 115

] tons/hr 132 119. 127

* Sample Weight (mg) 10.3 11,9 44.1

i _ wg/Am3 6.7 1.7 6.1

J Particulate mg /DN 6.8 1.6 6.0

. Concentration| gr/ACF - 0.003 0.0007 0.003

| gr/DSCF 0.003 0.0007 0.003

: kg/hr 0.08 0.02 I 0.08

. Particulate s

l Fmiseion kg/M ton of feed 0.0007 0.0002 | 0.0007

= T -

, Zate lb/hr 0.18 0.05 0.17

Lo lb/ton of feed 0.001 0.0004 0.001

(1) Actual cubic meters - stack conditions

(2) Dry normal cubic meters - 20°C, 760 mm Hg

(3) Actual cubic feet - stack conditions

(4) Dry standard cubic feet - 20°C, 760 mm Hg

(5) Actual cubic meters per second - stack conditions
(6) Dry normal cubic meters per second - 20°C, 760 mm Hg
(7) Actual cubic feet per minute - stack conditions

(8) Dry standard cubic feet per minute - 20°C, 760 mm Hg
(9) Metric tons per hour (1 metric ton = 1000 kg)

* EPA Method 5§

DATA USED IN TABLE 4-1 A4D IN CALCULATIO

‘



! TABLE 1
SUMMARY OF FARTICULATE* EMISSIONS

J.M. Brenner Company
Lancaster, Pennsylvania
November 19.22, 1974

JATA USED IN TABLE 4-1 AND IH CALCULATIONS SHOUN IM APPENDIX C

Sagpled Source: Qutlet B Dimensions: 16" x 13.1/2"
Test Number 1 2 3
Dace : 11-19 11-21 11-22
Sampling Start 14:22 12:05 08:58
Period Stop 16: 24 16:15 13: 54
A3 (1) 2.951 6.777 6.355
Sampled Diw3 (2) 2.948 6.763 6.488
Volume acr  (3) 104.2 239.3 224 .4
pscr (&) 104 .1 238.8 229.1
Percent Moisture by Volunme 0.4 0.3 0.1
| Average Stack| °C 17 10 11
Temperature °F 62 50 51
i An3/see  (3) 2.94 3.24 3.09
N stack Gas DNm3/sec (6) 2.95 3.25 3.16
Flowrate ACFM (7) 6220 6870 6540
3 DSCFM (8) 6260 6880 6700
Percent Isokinetic 102.0 106.4 104.8
9
Feed Rate M tons/hr( ), 120 108 115
tons/hr 132 119. 127
Sa=ple Weight (mg) 38.7 0.5 5.3
‘ mg/Am3 13.1 0.07 0.87
Particulate mg/DNm? 13.1 0.07 0.85
Concentration gr/ACF - 0,006 0.00003 0.0004
g /DECF _ 0.006 0.00003 0.0004
sarticul kg/hr 0.14 0.0009 0.01
k articulate L .
| tnicsion ke/M ton of feed 0,001 0.000008 0.00005
Rate 1b/hr 0.31 0.002 0.02
: b/ton of feed 0.002 0.00002 0.0002
,(1) Actual cubic meters - stack conditions

' (2) Dry normal cubic meters - 20°C, 760 mm Hg
(3) Actual cubic feet - stack conditions
p (4)  Dxy standard cubic feet - 20°C, 760 mm Hg
i (5) Actual cubic meters per second - stack conditions
(6) Dry normal cubic meters per second - 20°C, 760 mm Hg
- (7) Actual cubic feet per minute - stack condirions
(8) Dry standard cubiec feet per minute - 20°C, 760 mm Hg
(9) Metric tons per hour (1 metric ton = 1000 kg)

* EPA Method 5 . (3)

B-30




e B -
TARLE 1
SUMMARY OF PARTICULATE* EMISSIONS

J.M. Brenner Company
Lancaster, Pennsylvania
November 19-22, 1974

DATA USED IN TABLE 4-1 AND I CALCULATIONS SHOWN IN APPE!NDIX C

Sampled Source: Inlet C Dimensions: 9-1/2" I.D,
Test Number ' 7 5
Date 11-21 - . 11-22
Sampling Start 09:00 11;28
Peried Stop 12:27 15:30
Am3 (1) 2.539 2.533
Sampled Drm3 (2) 2.537 2.579
Voluwme ACE (3) 89.66 89 .44
DSCF (4) 89.58 91.05
Percent Moisture by Volume 0.6 0.6
Average Stack]| °C 4.4 5.6
Temperature °F 40 42
Am3/sec (5) 0.524 0.519
Stack Cas DNm3/sec (6) 0.524 ' 0.529
Flowrate ACFM (7) 1110 1100
DSCFM (8) 1110 1120
Percent lsokinetic 101.8 96.7
€] : )
Feed Rate M_tons/hr (%) 108 115
tons/hr 119 . 127
Sazple Weight (mp) 1102 .4 1407 .4
' _ wg/Am3 434 556
| Particulate mg/DNm> 435 346
1| Concentration| gr/ACF 0.190 0.243
gr/DSCF 0.190 0.239
Particul kg/hr 0.82 1.0
articulatce T g
Emission - kg/M_ton of feed 0.008 0.009
Rate 1b/hr 1.% 2.3
’ lb/tog_of feed 002 0.02
(1) Actual cubic meters - stack conditions
(2) Dry normal cubic meters - 20°C, 760 mm Hg
(3) Actual cubie feet = stack conditions
(4) Dry standard cubic feet - 20°C, 760 mm Hg
(5) Actual cubic meters per second - stack conditions
(6) Dry normal cubic meters per second - 20°C, 760 mm Hg
t {7) Actual cubic feet per minute - stack conditions

(8) Dry standard cubie feet per minute - 20°C, 760 mnm Hg
(9) Metric tons Per hour (1 metric ten = 1000 kg)

B-31




SUMMARY OF PARTICULATE* EMISSIONS

J.M. Brenner Company

Lancaster, Pennsylvania
. November 19-22, 1974
fampled Source: Inlet D Dimensions: 18" I.D.
'Test Number 1 2
Date 11-21 11-22 o
|Sampling Start 12:02 13: 50 2
Period Stop 09:06 11:14 &
' am3 (1) 2.513 2.376 =
Sampled DNm3 (2) 2.507 2.406 ;
Volume acr (D) 88.74 83.91 g
pscF (4) 88.54 84.97 o
- [ %2 ]
Percent Moisture by Volume 1.2 1.1 =
jAverage Stack| °C 2.8 5.0 E
Temperature °F 37 41 =
" [
| Amd/sec  (3) 3.65 3.46 2
'Stack Gas DEm3/sec (6) 3.66 3.52 -
Flowrate ACEM (7) 2740 7340 ;.
I DSCFM (8) 7750 1460 2
Percent Isokinetic 96.6 vb.b TT
' (2) 08 115 -
Feed Rate M _tons/hr - 1 =
tons/hr 119 127 B
|Semple Weight (mg) 6.0 13635. -
' ‘ mg/Am3 2.4 5740 =
Particulate mg /DNm° 2.4 5670 &
Concentration| pr/ACF 0.001 2.51 o
[Ty
gt /DSCF 0.001 2,48 =
}Parti lat kg/ht 0.03 71.8
cuilate
Emissien kg/M ton of feed 0.00&; Q.62
iRate 1b/hr 0.07 158
) ) 1b/ton of feed 0.0006 1,2
L1) Actual cubic meters - stack conditions
EZ) Dry normal cubic meters - 20°C, 760 mm Hg

(3) Actual cubic feet - stack conditcions
E&) Dry standard cubic feet - 20°C, 760 mm Hg

5) Actual cubic meters per second - stack conditions
(6) Dry normal cubic meters per second - 20°C, 760 mm Hg
E?) Actual cubic feet per minute - stack conditions

8) Dry standard cubic feet per minute - 20°C, 760 mm Hg

(%) Metric tons per hour (1 metric ton = 1000 kg)

B-32




Excerpts from

REFERENCE 23 (SECTION 4.0)

Stack Sampling Report of 0fficial Air Pollution Emission
Tests Conducted on Kiln No. 1 at J. E. Baker Company,
Millersville, OH, Princeton Chemical Research, Imec.,
Princeton, NJ, March 1975,
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2.
SUMMARY

The unit being tested is aninclined rotary kiln, fired with
crushed coal. The particulate mission from this operation is
controlled by a venturi scrxubbea

Mr. K. Cherry, of the NW Dixrict Office of OEFA, was notified
of our intent to test the unit. fur sampling technigue was described
to him. A modification was regmsted for sampling at the inlet duct.
This medification was discussed with Mr. Cherxy and accepted by him
provided the liquid catch be incdnied in the results. The liquid
erich was included.

~ Standard gravimetric analy=s, as described below, were used
to determine the weight of partirrlate matter collected in each
sample. ’

The analytical results weresas followa:

Location Test § 1b./hr.
Inlet 1 3a12."

2 s210."

3 3202." '

[ave- T 3941} a6 AT gkt

outlet ) 4 . 37.51

5 . _ 37.74

6 36.37

[ avg- 37,21 - :..FJI-IZ‘-'-,»:—-'L-'J

hpparent Efficiency 99.06%

The conclusion drawn from = above data is that the Kiln #1
at J. E. Baker Co., Millersville, Ohio is in compliance with the
air ccde of the State of Ohio.

*
These results contain both thrwet and dry catch.

B-34
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PRINUELJN LHLIALGAL REDEARCD, L0 -

STACK SAMPLING MEASUREEENTS = PARTICULATES

Run No.
Date
Tig=
Sawpling Data: .
Probe Size (inches) ) : 1/4
Sample Period (minutes) 72
Number of Sampling Points (totall 12
Sample Volume (ACF @ stack)* 187.84
Samr" ~ Volume (SCTD)** 72.22
% o :-sokinetic Flow Rate 91.6
Bay. setric Pressure (“Hg) 29.36
Sam. .g Technique EPA #5
Emissions Data:
gr/SCED 1b./hr.
Impinger Collections
Insolubles 4.160 2891.31
H50 Solubles 0.750 221.08
[ Total Farticulates | 4.910

DATA USED [}l CALCULATIONS SO IH APPENDIX C

d Actual cubie feet @ stack temperiure, pressure and humidity.
ws pry standard cubic feet (@ 70°F)-

B-35




10.

STACK SAMPLING MEASURFFFNTS - PARTICULATES

Run No. 24
Date 2=21=7
Time 0
Sampling Data:
Frobe Size (inches) 1/4
Sample Period (minutes) 72
Number of Sampling Points (total) 12
Sample Volume (ACF @ stack)* 160.47
Samy -+ Volume (SCED) ** 60.72
o " isokinetic Plow Rate 105.7
Bar e’ ric Pressure (“Hg) 29,36
Samj......g Technique EPA #5
Emissjons Data:
qr/ScFD ib./hr.
Impinger Collections
Insolubles 9,430 4781.80
H,0 Solubles 0.844 428.21
[[Total Particulates 10.274

*  actual cubic feet @ stack

temperture, preséure and humidity.

«+ pry standard cubic feat (& 70°F)-

B-36
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ﬁATA USED 1N CALCULATIONS SHOMN IN APPENDIX C




PRINCETON CHEMICAL RESEARCIL, LNC.

11.
STACK SAMPLING MEASURIEMTS - PARTICULATES
Pun No. . 241=-p=-3-1
Date =-27=7
Time 1750
Sarpling Datas
Probe Size (inches) 1/4 -
Sample Period {(minutes) 72
Number of Sampling Points (total) 12
Sample Volume (ACF @ stack)* 115.44
Sam:i ~ Volume (SCFD)** 41.55
% ¢ 1lsokinetie Plow Rate 93.1
Bar. aetric Pressure (“Hg) 29.36
Samp......g Technique EPA #5
Emigaions ta:
qr/scFD 1b./hr.
Impinger Collections
Insolubles 7.314 2879.69
H50 Solubles 0.819 322.39
] Total Particulates 8.133 3202.08 |

-
=+ pry standard cubic feet (& T0°Fl

B-37

Actual cubic feet @ stack tembexure, preséure and humidity.

DATA USED Il CALCULATIONS SLOWH IN APPENDIX C




13.

STACK SAMPY TNz MEABUREMENTS - PARTICULAVES

Run No. ' 241-p=4-0
Date i QE;:?
Time 13
Samplineg Data:
Prc . Size (inches) 1/4
Sar 1°ng Period {minutes) 72
Number of Sampling Points (totall 24
Sample volume (ACP. @ Stack)* 59.29
Sample volume (SCFD)** ' 49.39
% of Isokinetic rate 110.0
Barometric Pressure (“Hg) 28,95
Sampl:f.ng Technique : EPA #5
Emissions Data: . .
. gnEcrp(Total) 1b./hr.

Filter Impinger Total

’ Filter.and Impinger

¢o)lections, Insoluble 0.953 31.76 5.{/ 37.51

J5 .

* Actual cubic feet @ stack temperature, pressure and humidity.
** pry standard cubic feet (@ T0°Fi

B-38

DATA USED IK CALCULATIONS SHOWM IN APPENDIX C



~

14.

STACK SAMPLING MFABUREMENTS - PARTTCULATES

e e et e e i i

Run No. ‘ : 24)-p=5-0
Cate -28~-
Time 1800

Samplinz Data:

Frc. Size (inches) 1/4
Sz: -1°'ng Period (minutes) 72
Number of Sampling Points (totall 24
Sample volume (Acr @ Stack)® 56.40
Sample volume (SCFD)** ‘ 48.50
% of Isckinetic rate 109.4
Barometric Pressure (“Hg) 28.95
Szmpling Technique - EPA #5

Emicsions Da%a:

1b./hr.
gr/sFD(Total) Filter impinger Totzl
1lter and lmplpger
oliections, Insolubl 0354 33.70 3.97 37.74
. ' e L

)/7‘.—

- *  Actual cubic feet @ stack t.emp&l:ux:;a , pressure and huuu'.d_i.ty._
*+ pry standard cubic feet (@ 70°F%
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STACK SAMPLING MEABUREMENTS - PARTICULATES

Run No.
Date

Time

Sampl i~y _Data:s
Pro. - Size (inches)

Sar l'ng Period (minutes)

Number of Sampling Points (total)
Sample volume (ACF @ Stack)*
;$éﬁple volume (SCFD)**

% of Isckinetic rate

Barometric Pressure ("Hg)
Sampling Technigue

Fmissions Data:

Filter and Impinger

** Dry standard cubic feet (@ 70°F.

Collections, Insoluble 2.053

B-40

15.

241-p=6-0

2-28-75
1945

1/4

72

24
64.63
55.52
108.4
2B.25
EPA #5

1b./hr.

gzfscFD(Total) Filter

Impinger Total

0.77  36.37

-

: ,_’l‘.

Actual cubic feet @ stack tempe:turé, pressure and humidity.

APPENDIX €

DATA USED IN CALCULATIONS SHOWN IN

rey
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Excerpts from

REFERENCE 24 (SECTION 4.0)

Feairheller, W. R., and T. L. Peltier, Air Pollution
Emigssion Test, Virginia Lime Company, Ripplemead, VA,
EPA Contract No. 68-02~1,404 (Office of Air Quality and
Standards), Monsanto Research Corporation, Daytom, OH,
April/May 1975.
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TABLE 7
Brink® Particle Sizing
Run #1 - 5/02/75

Weight Cumulative
of Weight Weight
Stage Material DPC mg/ACF _PCNT PCNT
Cyclone 67.300 91.88 96.46 100.00
1 0.45 2.77 .62 .65 3.55
2 0;u6 1.62 .63 .66 2.90
3 0.10 1.10 .14 .15 2.24
4 0.12 0.56 .17 .18 2.10
5 0.14 0.34 .20 21 1.93
Filter 1.20 1.64 1.72 1.72

Run #2 - 5/03/75

DATA REPRODUCED IN TABLE 4-2

Welght Cumulative
of Weight Weight

Stage Material DPC mg/ACF PCNT __PCNT
Cyclone 66.70 121.96 97.09 100.00
l .59 1.96 1.08 .86 2.92
2 .14 1.13 .26 .21 2.06
3 .21 .75 .39 .31 1.85
4 .10 .36 .19 .15 1.55
5 .06 .18 J11 © .09 1.40
Filter .90 1.65 1.32 1.32

13
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Excerpts from

REFERENCE 25 (SECTION 4.0)

Maurice, R. L., and P, F. Allard, Stack Emissions Anal sis,

U. S, Lime Plant, Nelsonm, AZ, Engineers Testing Laboratories,
Inc., Phoenix, AZ, May 1975,
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KEumenyY VAN Saun CORPORATION

¢NGINEERS TESTING LABORATORIES, INC. K Ve AT,
» 1 2525 E. WDIAN SCHOOL ROAD e Sy
o | evoenx, AriZONA 85016 v W K ek
_;—;_lﬂnlﬁﬁgﬁn . t:::ﬂr LA L]
21 Mary 1975

DaMviLLE, PEMNSYLVANIA 17821

AttEMTion: BRuct MoOwERY ’ .

SUBJECT: STACK EMISSI10NS ANALYSIS AT THE
FLinTcoTE Lime PLANT oF NeEvsow, AZ

RESULTS ARE EWCLOSED OF THE STACK EMISSIONS ANALYSIS PERFORMED
AT THE U. S. LiNE PLANT AT NELsom, ARIZONA ON MAY 6 Anp 7; 1975.

THE STATE oOF ARIZONA EMISSIONS STANDARDS ALLOV A PARTICULATE EMIS-

S10NS RATE OF 46 LBS/RR. FOR THE RAV 5?0ﬂE|FEED RATE OF EI TONS PER

JCURd AND REQUIRE A MININUM SULFUR REMOVAL oF S0F, .

RESPECTFULLY SUBMITTED,

PARTICULATE Emi155108%

TesT Nuua:n‘-l g A,

TEST NUHBER 2_....----...-.-;-..1-0'

36
37.

35

TSST NU"BER-3'.o.-;-aaooccoato....-.

Sutrur REMOVAL

APPARENT SULFUR REMOVAL cceceeeeeese 938 . .

o

ENGINEERS TESTING LABORATORIES, INC.

0L Misienl o Millan S

By:

Jos No. 543-193
P.0.No. 359777
tae No. 40-2257

BS PER HR. PARTICULATES
B5 PER HR. PARTICULATES
BS PER HMR. PARTICULATES.

et e 2 il
R

/o

ROBERT L. MAMRICE, aJa.fo-‘- PETER F. ALLARD, P. E.

CoPICS To: ADORESSEE (6)
BUREAU OF AIR POLLUTION conTroL (1)

ATTHN: CARL MERC

R .
FLINTKOTE connnvﬁ Y/wn.w.uc cANDLISH
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Excerpts from

REFERENCE 26 (SECTION 4.0)

Stack Sampling Report of Official Air
Pollution Emission Tests Conducted on Kiln
No. 2 Scrubber at J. E. Baker Company,
Millersville, OH, Princeton Chemical Research,
Inc., Princeton, NJ, May 1975.
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" SUMMARY OF RESULTS

Test #
particulate,. 1b/hr

Found .
Allowable

Sulfur Oxides, as 802, ppmv

Found
Allowable

69.41

34.46

471
2000

PRINCETON CHEMICAL RESEARCH, INC.

129.14
34.46

397
2000

47.28
34.46

514
2000

l.

avg.

34.46

461
2000

The above data indicate that the scrubber stack from Kiln

#2 is not in compliance)with Ohio Air Pollution Regulation EP-11-11.
S

The stack is in compliance with Ohio Air Pollution Regulation

EP-11-12 (Sulfur Diaxide).
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Excerpts from

REFERENCE 27 (SECTION 4.0)

Crowell, D., et al., Test coaducted at Marblehead

Lime Company, Bellefonte, PA, Report om the
Particulate Emissions from a Lime Kiln Baghouse,
Marblehead Lime Company, Chicago, IL, July 1975.
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II.

.i MaaRY R=SULSS

The %0 bagho"se .st.acks tested ¢re boilh civided indo six sections., At
Liie rscuest of ihe Com ‘mnvealih o.f :-emsﬂ""-:a Deparimeni of Znviron-
mental Rescurces corres ponding sectitns (section 1) from Saghouse "An

and "E" uere Ywsied on the f':.rer. -d5y. On the next cay a second set of
wests were co:educied iy a siwg 'ln'- aanner on differsnt sections (section ly).

desulis of ihe four runs are red ried brlovw according to rermsylv.ama

- Szmpling - Testing-Wles in poands: per hour aznd ére comiered wilh allowuable

25 emission rates fir all three j-rocecs la Ins.

L .

2ass Tate of Emissions A]_'I.o.aable Emiss’

Founds per Kour Pounds per

: ) : _ . R
Baghouse "A" Ssction 1 o 2.8 =
Faghovse "3" Section 1 _ 2.5 £
- —_—— L
Subtotal : - o S.3 &
3 ' . F s z

Total .t.iT fion from hoth Jaghauses. : —
(Sudtoial x 6 jdentical congErvwnts) 1. 02 56.8 =
_ — 20" &

. _ ) - g
Paghovse “i" Se=iion L 2.0 :/"Ao v
Faghouse "B" Seciien b ' 2.0 Qa
Subioisl - : _ 5.0 b
o b

. ]

Total Emissions from boih Ezchouscs 30.0 8.9 3
. + —— —

(Subiotal x-6 idertiical comnarimi nis) =
- Atz

-

Averaze Emission 32t W =

- b} H r‘..'

- (o N]

| T - f-' «9 - ]

Lverare Aliouvanle [ Feunds/vour ]

Zmigsion Zaie : E—l

[

L.

Lid

o=

A [

S -2

. (XN}

—

=

PO

.

[21]

(72

s }

<

=
m .
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IV. PRODUCTION SOBARY:
A

FROZCTION IN TORS FER HOUR

1/27 . . KA Kiln #2 - Kiln#3 5
Baghouse A 11:00 AM 9.8 10.3 © 11,2 >
Section 1 12:00 F¥ 12.3 - 2.k S 8.3 2

© - 1:00 1 12.2 . . 11.1 8.1 ad

Eaghouse B CL:0) PH 10.5 - 8.2 13.0 =
Section 1 5:00 FH 11.3 9.5 9.1 S

6:00 P S 12.h 7.6 12,5 z

Total 68.5 €91 62.2 &

——versze i1l.h . 9.9 10.% 0

Allowzble Smission = .76 (200#/ion x ton/nr. PNE

: . Tl

, | | =

Kiln £ = .76 (200 x_ll-l!)'tz =19.55 g

Kiln #2 = .76 (200 x 9.9) 12 a 18,43 . S

Kiln #3 = .76 (200 x 10.L)"42 = 18,81 =

Total Allowarle 3 Sources = 56,79 .'%

7/18 N
- . =

Baghouse B 10:00 AK 12.2 1).7 12,2 Z
Section b - 7 11:00 aM 12.2 11.1 12.2 o
12:00 ¥ 12.3 11.2. 12.2 L

Zachouse A 3:00 B 12.3 . 10.7 - 13.0 e
Section L . b:0o PM - 12.0 8.0 12.5 L
T - S:00 7 - 12.2 7.5 12.5 =
- Totgl 73.3 £0.2 b =

- - Average 12.2 10.0 12.k —

. . jam

© Allowatle Emissica Rste = .76 (200¢/ion = ton/hourd

o ’ {

Filn £1 = .76 (200 x 12.2) 42 < 20.11 =

| Kiln #2 = .76 (200 x 10.0) -42 = 18.50
- . Kiln £3 =..76 (200 x 12.4) b2 = 20.25

Toial allowahle 2 Sources = 58.86
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Excerpts from

REFERENCE 28 (SECTION 4.0)

Peltier, T.L., Air Pollution Emission Test,
Martin-Marietta Corporation, Calera, AL, EMB
Project No. 76-LIM-9, U. S. Environmental
Protection Agency, Office of Air Quality
Planning and Standards, Research Triangle Park,
NC, September 1975.
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separating processes in the lime plant. Visible emissions
were evident from many of these collectors, but no sampling
of these emissions was done. On the third particulate test,
the filter had to be changed three times due to excessive
loading, but this did not appear to be abnormal.

According to the Martin Marietta operator and the EPA process
data, the hydrator was operating normally during the testing.
The process data are.given in Appendix F and are summarized
in Table 11. :

LI

Table 11. MARTIN-MARIETTA HYDRATOR PROCESS DATA

————— Yater Water .
- to to Hydrator
Lime Feedrate Scrubbeg Hydratopr Tenp.
Date (1975) (TPH)2 (GPM) (GPM) P (°F)
12 Sept. - 18 20 13.5 206 .
17 Sept. 7.2 19 15.2 195
17 Sept.. . 18 ; 19 16.4 195
N L -+
.
i e
a
Ton per hour
bGallon per minute
__ 30
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Excerpts from

REFERENCE 29 (SECTION 4.0)

Peltier, T.A., et al., Air Pollution Emission Test,
Allied Products Company, Montevallo, AL, EPA

Contract No. 68-02-1404, Task 20, (EPA, Office of

Air Quality Planning and Standards), Monsanto Research
Corporation, Dayton, QH, September 1975.
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Table 7.

———

CrCLONE

[P

FILTER

LTaGE

apan

CYCLONE

1L TER

STAGE

CreLOmE

FlLTER

SUMMARY OF BRINKS® PARTICLE 3IZING

RESULTS (METRIC) USING UNIT DENSITY

-

CASCADE IMPACTOR PARYICLE SIZE OISTREGUTION FOR M 1

twrut valitasiC
e ———
SAR, (NG TIRE
PRCSIURE DROM
SYAYIC PAESIURE

PARTICLE OEWSEVY
BMRORE TAIC PAESEANC

wt OF raTCATAL

J R ]

IwruT vallam.C

Saney (e T
PRL ST ORGP
STAVIC mEESSuNE
*aAVICLE QEmSITY

CASCAOE IMPACTOR PARTICLE SIXC

I9PUT vaAtaBLE

aam .,

Sammy G TimE
PRLESOAL, OROP
STATIC FRESSUBE
PARTICLE OEmSETY
BARONCTAIC FRCSSUAT
GA5 mm, WY

GAS HAFCRATURE
a5 viscosity

GAS OEmaItY

wt OF RaVEPIAL

e Lt L
T73.000
2.031
1.086
#1357
0,128
.02

"miTs eyt OaT.
—— rmmmmm————
g 10.0
R ne 3,30
A u20 =18.80
[ 7 Lal%
(L) ™17
20.0
ofG € "ee
rolsE ,00033
(744 9.00073
org LT wY PCNT cum WY PENT
—
3,78 a7.0% 108,00
L) 0.36 ..97 [LIR8Y
2,73 . (7% o] 3.9%
1.87 2.8 1.82 .61
4,9 0,01 0.2 1,48
0,61 4.01 0.21 1.3
2.8% 128 1,18

o,0002%
0,000%

uT sCuy Cue of PCKRT

PG/ACH

.5

0,28

3. 08 016
2,08 0,07
1,00 9,02
ah 9.02
0.0%

.07
2.7%
1.61
0,63
Q.28
0,20

0.53

1eruY Dats

s e

wl SEQT i wi PCNT

100,008
3.9%
Sy
1,98

OISTAIBUTION FOR Aum §

TS
p—
nis
P we
A M0
(741
(LR
oEe ¢
(o3
Grtc
ome. L L]
9
. ™ 028
2.83 0,17
1.9 0,02
1.92 6,01
0.6n a.ay
0,47

17
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100,00
0"

2.7

DATA REPTODUCED IN TABLE 4-3




Table 13.

SUMMARY OF LIME KILN OPERATING DATA TAKEN DURING
SAMPLING
th
Limestone JFuel (Coal) Fuel (Gas) Stack
Date Feed Rate Feed Rate Feed Rate Temp. Oxygen
Test (1975) (TPH) (TPH) (1000 CFM) °F 3
1 9/15 51.6 6.7 15 345 0.5
2 9/16 51.6 6.5 18 340 | 0.5
3 9/16 51.6 5.9 34 340 0.5
34
B-64

DATA USED I TABLE 4-1 AND IN CALCULATIONS SHOWN 1IN APPENDIX C



Excerpts from

REFERENCE 32 (SECTION 4.0)

Feairheller, W.R., et al., Source Test of a Lime Planct,
Standard Lime Company, Woodville, OH, EPA Comtract

No. 68-02-1404, Task 12, (EPA, Office of Air Quality
Planning and Standards), Mousanto Research Corporationm,
Dayton, OH, December 1975.
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Table 4. BRINK® PARTICLE SIZING

Kiln 4 - 12-9-75

Stage Ma¥2i§2§ ?gg) opc®)  wma/acr(®)  wg. 2 cum. wﬁ. Z
Cyclone 60.600 175.35 60.73 100.00
1 21.100 2.30 61.005  21.14 39.28

2 9.100 1.26 26.33 9.12 18.14.
3 2.900 0.79 8.39 2.91 9.02
4 2.800 0.32 8.10 2.81 6.11
5 2.600 0.16 7.52 2.61 3.31
Filter: 0.700 2.03 0.70 0.70

Kiln 6 - 12-9-75

Stage Ma¥2i§g§ ?igl opc(®)  wma/acF®)  wt. 3 Cum. Wt. %
Cyclone 88.400 409.67 78.84 100.00
1 7.360 3.09 34,11 6.56 21.16
2 9.220 1.70 42.73 8.22 14.59
3 1.460 1.07 6.77 1.30 6.37
4 1.230 0.45 5.70 1.10 5.07
5 3.650 0.23 16.92 3.26 3.97
Filter 0.800 3.71 0.71 0.71

(a) Characteristic cut point diameter of particles collected

(micrometers)
(b) MG/ACF - milligram per actual cubic f{oot

10
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Excerpts from

REFERENCE 36 (SECTION 4.0)

Doumas, A.C., et al,, Industrial Process Profiles
for Eavironmental Use, Chapter 18, The Lime Industry,
EPA-600/2-77-023r (NTIS PB 281485), U.S. Environmental
Protection Agency, Cincinmati, OH, February 1977.
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LIME INDUSTRY PROCESS NO. 6

Hydration/Packing

1. Function - Hydrated 1ime (calcium hydroxide) is manufactured in this
process step by slowly adding water to ground quicklime in predetermined
proportions from process step 5 in a hydrator or slaker. Both batch
and continuous hydrators are employed. Mechanical agitation is used

__ to insure thorough mixing, Continuous hydrators are steadily replacing___
batch units. Some Time dust is emitted from the stack of the hydrator.
This dust is recovered in a washer-scrubber collector and the resulting
milk of lime is recycled directly to the hydrator or its pre-mix chamber.

In this way, valuable 1ime is recovered and air emissions from this source
are minimized.

Normally hydrated dolomitic 1ime consists of calcium hydroxide and
magnesium oxide with 1ittle if any magnesium hydroxide. However,
dolime can be completely hydrated in an autoclave under pressure.

Closed circuit conveyors are used for transporting the semiprocessed
hydrate from the hydrator to the finishing part of the process. This
is done to prevent recarbonation of the hydrated 1ime., Usually a
system of horizontdl screw conveyors and bucket elevators are employed.

Any uncalcined Time, overburned material or silica in the hydrated
products is removed in an air separator after the hydration step is
completed. Centrifugal air separators are universally employed in
the final milling and classification of the product.

Finished dry hydrate product is transported to product silos and from
there to bagging machines.

DATA USED Td CALCULATIONS SHOWN IN APPENDIX C

Some hydration of lime is also carried out with great excess of water
so that a slurry of "milk of lime" solution is produced instead of a
dry powder. This process is usually called slaking., Slaking equipment
is usually located at the plant site of the user, Only in cases where
the lime producer has a captive use for slaked lime will a slaker be
employed at the 1ime plant proper.

2. Input Materials

Quantities are based on one metric ton of dry hydrated lime:
| -8uick11me: aggroximate1y 0.757 ton
eWater: approXximately 0. !

" The above figures are theoretical quantities required to make a dry
hydrated lime from pure quicklime. Generally a slight excess of
water is added to offset losses from the steam formed and lost by the
heat of hydration.
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Excerpts from

REFERENCE 40 (SECTION 4.0)

Report on the Particulate Emissions from a Lime Kiln Baghouse
(Exhibit 2 supplied by the National Lime Association), May 1977.
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Excerpts from

REFERENCE 41 (SECTION 4.0)

Report on the Particulate Emissions from a Lime
Kiln Baghouse (Exhibit 3 supplied by the Natiomal
Lime Association), May 1977.
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Excerpts from

REFERENCE 42 (SECTION 4.0)

Report on the Particulate Emissions from a Lime
Kiln Baghouse (Exhibit 1 supplied by the Natiomal
Lime Associatiomn), August 1977.
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Excerpts from

REFERENCE 45 (SECTION 4.0)

Cobb, G.R., et al., Characterization of Inhalable
Particulate Matter Emissions from a Lime Plant,

Vol. I, EPA-600/X-85-342a, Midwest Research Institute,
Kansas City, MO, May 1983.
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TABLE 3-10. SUMMARY OF EMISSION FACTORS

Emission factors (1b/ton)?

Test No. Total 15 pm 10 pm 2.5 pm

Baghouse Inlet 1 133.8 74.8 52.0 14.2
2 120.3 70.8 50.5 12.5

3 118.9 72.7 33.6 15.6

4 108.4 64.3 45.0 8.9

Average 120.4 70.7 50.3 12.8

L] '

Outlet 1 0.13 0.09 0.08 0.03
2 0.09 0.06 0.05 0.02

3 0.10 0.08 0.07 0.03
4 0.10 0.09 0.07 0.03

Average 0.11 0.08 0.06 0.03

e ——————— e
Electrostatic Precipitator

Inlet 1 354.4 134.0 50.0 3.6

2 378.4 212.0 69.1 4.0

3 395.5 154.1 59.7 2.6

4 359.5 138.0 53.9 2.8

Average 371.9 159.5 58.2 3.3

Outlet 1 8.1 5.7 4.3 1.1

2 10.5 5.8 4.7 1.1

3 9.1 6.2 4.9 1.6

4 9.5 5.3 4.6 1.2

Average 9.3 ~ 5.8 4.6 1.3

Ol e

Dust Collector 1 1.8 0.17 0.15 0.06
2 1.7 0.16 0.16 0.07

3 3.0 0.32 0.27 0.10

4 2.3 0.21 0.19 0.08

Average 2.2 0.22 0.19 0.08

e—— A S N s

1b/ton = pounds per tom of product
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o. | K'Iw\ «-J/“‘Sm'!;lqer — (’oa';-(aeé volavy
ki Produern dolowndic lime

= 0.1

g .
leoo douvrres |

F-ul’ff pooler O MO-Z_ K[’m 'pvcclac.waj c‘mql— L:orwed ddom-i(
~d

(7—\} f'fc'?Jerd §- -\[E\"s '@f Chrclh Soowre — eutim.oay "'c: 44mbs.
Ce-'“ner Cooler adeck or wcrolloer s#qck\

Cooler bk Hesds 1-2

-

,::-Dm ‘PG&C’ 7 of -‘6":.." ﬁ"l;‘o('l‘:

’ . .

Plane_J.E. Baker Company, Millersville, Ohifo  Stack ‘Fulles Cooler Stack. - Kila Wo. 2 N
. . o - ,
' Stask Stack Concena Emiysion Frocess
Macerial Test 1974 | Samplin < o w2y Opacity | ‘Wetghs
sa:pud Number | Date Pcziod: Temp |Flowrate | cracion Bata 2 Rate |
. F | scex pry | ge/scEd 1bs/hr tons/he
Filterable 1 a. . o ' /
Parciculuce 1 5/21° 1 13:00-14:00 | 116 | 14,800 0.086 10,9 0 9.8 /
Filterable 2. 5/21 | 15:20-16:20 | 115 | 14,800 | .0.076 9.7 ] 9.8
.Particulate - . .
Filteratle ; . e " : ' i ;
Partienlocn 3 5721 | 16+42-17:42 | 415 | 14,800 0.127 16.1 o 9.8
. Average ° : 115 14,800 0,096 0 %,A
Tota
Pareieators 1 5/21 | :13:00-14:00 | 116 | 14,800 -] g.088 1.1 ,,,a—"‘"-;‘jr e
: | - 4,;,«2
=] " —_— - o
Total . . . - ' 6“’\’
Particulata 2 5/21 | 153 20 115 14,800 " ———".ﬁ’ 10,1 0 9.8
Total : .
( Particulsce | 3 /21 | 16 2 115 14,800 130 16.5 9. 9.8
. - "] —
/,:ge 115 14,800 0.099 12,4 %ﬁ
C-6 .
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122 ls ek, L. « M0Z shoit doue O.4S4 kg L 0,623 kg pod
lv. 48 sleord bue lime Hq [ { % lime
Cﬂdem&e of -‘!*_\'b =~ ~3

Froun Pge 8 o0 e veFm-lf cerolorr Shdack et -3

Plant J.E. BRaker Company, Millersvilla, Ohio  Stack Scrubber Exhaust Steek « Xiln s, .,
- S
. Stack Staek Concens Emission Proes.s
Material " Test 1974 Samplin ae Opacity | .Welgh:!
Sn:pl:d Nymber Data Pe:ud‘ Temp |Flowrate | tration Bace 2 Rate
. + | *7 |serM pry | ge/scrp lbs/hx cons/h
Filterable : . . . . @ i
Pave tealace 1 s/22 | 13:16-15:31 | 151 | se,700 | o.ion ‘ 10-15 339
- - i
Filterable ’ c . .
Pacciculoce . 2 s/23 | 09:15-11:32 | 150 | s3,000 | -0.102 1015 35.15
TFilcersbie 3 |s/23 | 12:16a14:31 | 150 | 56,300 0.127 10-15 35,15
- ra
Average-, . - . -] 150 56,000 0.110 10-15 /ss.z:' ‘
%%_slzz 13:16-15:31 | 151 | s8,700 | o0.118 $9.3 | 10-1 35.39
- ] _,.-/ ‘
Total - o ' [~ .
Particulats 2 SIZJ [-L xy 132 150, 53‘,000 N w129 5!.7 - 10-15% 35.1
Total . b1
Parcicolace - 3. 5723 12:1) i 150 se, 0.138 66.7 10-15 5.1
: J \'-'
/g. o o 150 | 56,000 0.128 61.6 =13 35.2

]

(Crznone ol i ('awr,bl:"nfe ol Jol, 1, 1975 Ol o rejs,/

FTOW" T}"a‘é’ Ca L-C -LE'S;\ w’e()ov"-. f‘“/voclu'."‘nom C‘L":"'- ‘@v ND’ K-IM
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AUORMML W fOVeeve wndio

J.E. BAKER coMPANY -
Millersville, Onte

May 21-23, 1974

| Averapges
Source -| .

Cpevaction 1974 and Tige" . Nagural
ard Date Tast Period Kiln Coal Stone | Flux Product Gas
Product Nutther - . © |, Speed Feedrvate | Feedrate | Feedrate Rate Fecorate

turna/br | ‘tong/he | toms/mr | toms/hr | comashe gri/ne
m Cooler |- . _____....---"""_"=.-
leadeburned | S/ZITtesk. | 12:00- 28.75 3.128 17.9 | _Qu&bb=—T"""5.8 |Not Used
Jolomite P-1,2,3 | =200 : :

#
(tla Ne. 2 " [cooter >< . -
Jead-burnad | $/21 _;_:_Fx,_—ﬂaﬁ?:" 8.7 3.10 W'—-A-&L____ £ 9.72 [Woc used

Jolomite | e —— ] .
iiln No. 1 Scrub . . . ) '
delomitic 5/22 | scae >“ig‘:;° 71.1 4.49 30.9 | ot Used @ Avatiies
Lime o | 80,13 , .

{iln No. 1 " Srrasisiar

Jolomictie 5/22 | seaek P-1|24 Hours e 30.0 Not Usad 12.92 6995
.ipe - Lk X -

{{ln Ko, 1 Scrubber 08:00-

08: e . . Not
:l;:.':li.tl.c- 5[23<?IE“r 15:00 73.) 4.25 30.9 Not Used 13.29 Availabl
{iln Ne. Terebban
Oolomicda 57223 s:ul: 24 Hours T I B 30,62 | Hot Usad 13.17 7050
Lime Pul.y * : .

For Text No. | — S./2'2/7'4'

SO fespadd [ e w (102 glout dous O84S kg . 192 L)_qi :;_wl'.
L‘l\' l%,"&, 5',01—1 J'ows l-'me Hq s [iom

~3

’:;f 'T:&-\- No. 2 - S/Z'S/'?"f-

463 e ool . « 1102 -at,ou tos  O4H kg . 174k _
bee 1329 aliod b Liwre 1 e i i

<

For Tet No.Zm f23)74

Gl e pavh | he. o 1102 =lort dous, 04&45 222 ke E
!/H 1%2‘) oo fon lime Mi s t% (.

L.

é_l-:.:- (qz__-‘ .74 4 Z32_ = 1.GG éi 'P:-.c-t /F‘fi [ime.
2 kesk



PLeowe 14 (74-LTH-D = Rebhlehens Hinen  Co., Aamulle, PA
Coal-pieé ro-‘f‘n( kil LJ/ IO‘a‘lﬂDOSQ \/oclx..u ?Jckl-me
() Hebod < 4= @ u‘,q?zﬂmf potled (Z shackeost £4)
From lqla'el f)fic 4 oF -les-\ rcPor-i Z-Lvﬁ: [S

Ie

TASLE )
SUMMARY OF PARTICULATE RESILTS

DATE 1-22-74  1-23-78  1-24-74  AVERAGE
R -1 -z -3 ’x
A DUCT: TOTAL TRAIN |
gr/sct* 0.4 0.024 0.025 0.024 '
b/ 2.7 2,25 .39 2.80
FRONT HALF**
ar/sef 0.020 0.021 0.021 0.021
h/er 2.2 1.98 2.78 2.3% :
% of total 3.8 8.0 82.0 84.3 !
B* DUCT: TOTAL TRAIN i
griscr® 0.035 0.041 0.051 0.042
( 1b/hr 5.13 7.83 7.01 6.66
FRONT HALFe"
gr/scf* 0.0%2 0.0% 0.048 0.0
/e .62 6.92 6.62 6.0
£ of total 90.1 8.4 94.4 90.8
SYSTEM:  TOTAL TRAIN
gr/scf* 0.0205 0.0354 0.0380 0.03%
o/hr 15.80 20.16 20.90 18.92
FRONT HALF**
gr/scf* 0.0268 0.0310 0.0340 0.0306
W/ 13.88 17,80 18.80
1 of total 57.8 8.3 9.4 S G
N1 SO~ —— 063 3% D2 B

» AP, 29.92" Hg, dry
*¢ Probe & Filter

F-V.OM ’T:’Uf S’\ ri)cie (O o( -l-cz,—‘ (e"ror-k'.
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Froun 'T:Q;le S_—j ?ie_ (O o0 dedd fe'FoH-'.

TASLE §

Surmary of Operating Variables

Date /22 1723 1724
Test No. 1 2 3
Stone feed rate (tons/hr) 50 60 60 g A\Iﬁ Qe ade= GO TPH
Coal feeq rate (tons/hr) 5.1-5.5 5.25 5.5
Water (gallons/min) 28-29 28 N
Pressure drop (inches of w.c.) 4.3-4.4 4344 4143
- Kiln speed (RPH) - 78 78 73
Feed end temp. (*F) - 915-925 910-920 920-930 ‘
Product temp, (°F) 175-185 160-180 160-165
Baghouse injet temp, (°F) 505-520  4g5.490 $20-5%0

- Uaing avevnsge loadive ¢ Gedele:
3 J 3

:PZ‘ ' v. llD?_ Lm-"- "'Dh 0,4-8‘4- k Z Qed=o-250'7 |
( e uahr 4\' GO %JD""L“"D'-I‘E.G& ) b Ma ¥ TS * gq_ lime Mg lme

* Kelownce 15 (75- LTH1-8 Lmodulle Lime  LDmwaulle. Ol
No Proms deda = Cruuiot  cale. ewncconm Ledors,
o Kelerence 16 (74 ~1T-3-A - LOrodulle Lime | Leodulle, 04
Troccoade process dada = delede dals Care Bo09) ‘__,
o Welience 17 (74 LTH-T) = Marblebomd Liwe, Gary, T @ehoe-s
Col- Lied vodary kiln =/ loaz\uwge_ |
(N Medbod § 4l on et ol ain 2hocks @ Lhover ootlet
(‘ Frown Tale 2.2 Prac 223 oF Je< (opoid:

C Er‘:'&,. (’Clﬁg(fk‘ﬁé L/‘-'L("Ci G Crtti oS Der Qom erel, e:.“":f"(s
C-10




. ' ' ' . TABLE 2-2
; - " PARTICULATE SIRMARY
METRIC UNITS
Run Nusber 1 .2 k] 4 5 S
Date Jeoe 11, 1974 Jue 12, 1974 June 13, 1978 Average

Volume of Gas Sawpled-ha® ) : 5.14 4.6 464 4an 5.46 5.16 4,96
Percest Moisture by YoTume 6.5 . 4.8 6.3 7.5 2.4 6.5 6.5
Average Stack Temperature-°C 43,9 128.3 140.0 .7 1223 133.9 135.2
Stack Volumetrie Flow Hate-Nm®/adn . 674 . 635 656 602 705 656 655
Stack Yolumetric Flow Rate-a’/ain 1,049 935 1,006 Nz . 1,077 993 996
Pervent Isokimetic %8.5° | 93,7 9.4 101.6 ° 100.0 101.6 97.8
Perceat Stack Opacity . 009 0.005 0,055 0.000 0.031 0.003 0.021
Feerd Rate-H toa/br (1imestone cnly) .26 - .26 35.04 35.04 .66 3466 34.65
Particulates - Probe & Filter Catch ) .

~ ooy, | 262.4 2231 104.6 na. 156,2 137.0 166.9

“ wmiimt 1.1 48.4 2.5 25.0 28.6 26.6 3.7
agm? 2.8 ».8 14.7 16.4 18,7 17.6 2.2
ka/hr . . * 4,89 I S WV 1 1.33
ka/lf ton 0.0504 0.0537 0.0254 0.0257 0.0349 06,0303 D - 0.0384
Parviculates - Total Catch
-, ' 424.5 426.0 0.0 . 275.0 320.4 an.o 360.5
w0/ln’ 8.6 92.4 73.3 58.1 58.7 73 7.0
»q/a 53.1 . 62.7 4.7 38.1 8.4 4.2 4.1
b/ kR | 3.82 “g ~ 2.87
Wt tom 0.057% 0.1027 0 0. 0.07 0 u_azg
Percest Impinger Catch 1.2 47.6 69.2 §7.1 5 63.7 .

F‘—;( -to-‘q( Crenss - 0m, (?Ow lo-r&‘vou'sc q:lé EF':, ‘Q! ‘T;;"_ |—(‘,f
Tolal CF= O.0604 + 0.0S31 +0.0254+ 0.02574+ 0.0%49 4 0.0%0%,

= O-Z-SO ks 'P'u'l/"'fj '@cé

0.230 %g,ﬁy z H;Qee . 0.40 kﬁ porl.
q (e j liwe N Lime

?CQ'PVV’Q lq C74—-LI74—%B\ - Lv.,‘z?.r:“dv(/e é,'mp) LLQI)C\\I"HP) OH

Z:CO(YQC-* ’F'OCE"""L'O"‘ f'-'"‘f\ ;V'Clc)cled i fepord & voted
L::\/ C.=. 2.’?./ o ?/30/74. P AF’ pord v
Wit wo iudication of fpvoPer coviecdiom L7 chor
wiclode? v dle (e»l:.DH

Neda deledect !




( Reltore 20(74-_1.174-@— DS Linme Cly of Todondwy CA
A‘lMOE’Plﬂ?V‘C Lh/ém—l'o( ‘-3/ wea - eme'&\( acrolsher rooA
(%3 He-ﬂmé T dsb. ol seroloer oolef (24-(--143: CB
“Tot z T 9 o Te oV,
F_I’-DM Ilt‘,vu’( 2) /Pﬂ\ S 0 r 4

Table I 51MDMARY OF RESULTS
(YetTic Unizs)

. 1 2 3 Averags

. () /16174 4112174 41B174
clumz if Cas Sampled = Nad 2,100 2,281 2278 2.7270
Pereant Moisture % Volume #* L4.5 48.0 47.5 46.7
revaze fiask Temperacure - * ¢ 4789 B81.1 8.6 80.2
Seaek Velumectic Flov Race=lg /:.i.s;lss.s 135.2 135.8 136.6
S=ack Volumesric Flew Rate-z’/mi='® 303.0 315.8  313.% 310.9
Ferzenl Isoxinetic 101.3 115.7 106.7 107.9
Tereant Cpaeiey 0 0 0 Q 'we‘\'c
Tead hmze - ¥_ten/hr 1.7 12.7 12.7 2.7 : . o\‘-‘
Iezafenizze = probe, cycleone, . N 4 w1
asé Ziizer catch i A4
ene
104.2 140.8 191.3 145.4 d
48.6 61.7 84.0 63.5% o
22.7 26.3 36.2 28.6% Z

€
0.40  0.45  0.66 " PRZE
0.031 0.038  0.052 z,

129.6 181.3 231.0 176.0

25 - totil caceh

61.7 79.5 23,6 78.4
28.2 3¢ 39,9 .2
C.49 0.61 0.73 0.61
0.Q3¢ 0.048 0.057 0.048
Terzass Inzinger Cazeh 8.6 22.3 9.34 17.1

Feovn "(:Ue_ 3, Pge 7 ol dexd ‘?’Fpr-@'.

2 - SINRILAY OF AMIDEPERRIC MYIRATOR AND WATER SCRUBSER
OPERATING DATA DURING SAMPLING

Tt

Deze &/16/74 4f17/74 4718176

Tert D, 1 2 3

i=¢ Teed Rate (rons/hr) 1 14 IID % A\Ji = '4'1?’4
Viezer Teed Taze (tons/hr) 7 7 7

& ¢ Line Treiuetiom (zeme Tl 17-3E 17-15 17=18

H water {lvs/=din} 160166 165=158 165-16¢

Souyiier Temm, befove airsleed (°F) 03-206 202-210 20B8-215

Serutnes Temp. after airblead (°F) ) 185-182 188=-122 188-192




(2

(Daine G\‘cm&’ cevotly Qe all Hivee deede "

0\7040 kg poed. . 14 TPHE@D _ 0.032 kg podd
l:% n@eé 175 TPH (liwe™ Hi hyd. liwme

(

™ Ze@(?w(‘e 2' (‘7\‘—"" %77\[-7\ - .Eremne( (’o. 5 Z,qnpe;g—tor) ‘PA- CQ"\'LH&: B)

ﬁ-‘ dad ‘@f . ?"W"m{ Crosher - vurodiolled
‘ gc‘feem ¢ Lsormter wnidl - Ovico bolled
Croabrer y SCreen ¢ Lisvmrmienmidl kaabosse  outled
('J-'W,l c v — Owvire Amatlel ¢ {:.L-!{)%(' cultel

F;f C'U‘&.Llcr‘ <crern ¢ S baglroose CD«.JHQ* AB:

‘Gﬂw" ’l:;-b’e I-‘ ’Pcﬂt [ PRRPN A 4
Tet No.l = 0.0007 ks [Mq limedone Ced
“Toed No.2Z = 0.0002- &« . “

Tt No.x = 0.0007 -

( |:§_F_= 0.0007_+ O.000Z + 0.0007. — O.000< g 4’1'4‘
Blests 4 alove_
For ‘C.?w-,l aciern  Lknchooue Coo”e“ TE.B P ‘Ct):w* ’I’:é/? T; ’Pf?c(e-?
ol (f»]:of-l ‘ N Q

Tk No. | = O.001 kg [ Mg limmeshone Qe
b - <

Ted No.Z = 0.000008 -
Tl No.x = O.00008 ¥

E—(_—_= O.001 + 0. 000D + O. coxod :0,0004- %;;_m.
B et i%’mne.

F;f uwrowlvOHGé fFr-'mv( Crusher C.'n\e-l QB', C’am ‘7:@/; _L5
Pqﬁeg ol 1ef;~oc-¥'.

"I/,-:_J No. | = 0.00% kilHi limecdome Qec\

e
P\)@\"j “Ted No.Z = O.009

rp—

EF = 0.005 4+ 0.009 — 0.009 ke e Ly
2 ‘Le?:(‘.;. P’Pq 5“"Dw€_
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( ' ‘:_t:a-v' Ovz(gw'(vo”eé "Pﬁwmﬁ( screen ¢ lismmmeranll Cwﬂﬁ" \53

¥ QL |ﬁ‘o/€ T ’Pﬂa& 9 o-() (efljo¢4

\

e_&(e leq No. | = 0.0003 b‘i _r,:v,-d/r{i | mresdome Lo

lé"t-.;“’ ND 7 = O(a?_

BF - 0.000% 4+ 0.2 - O ko pard
Z ey ﬁfﬁ:e

B0 Gurordiolled  wecondary wwen Guled BN erromenn s
Nelebe !
. Qf’@«ewfe Z2( 74- - - O % Lime | Hmde«aoh) NV
No Pracess, dala - Couod qede.  ewnstiom -Qcimg
¢ @Q{fwre A/?lg— T =, Roker Oo., l"{,'//efs\)-‘lle)Ol-( Cfs;,mefql:: Rel'ry
“ ém.l—Q}eé rodary leiln Of Veudorr serolloer CClOlomi;Q |
(3) Tesk 63 inled ¢ ootled o ccrudeer

IJe{-: ‘ &eﬂ; @”ow#d toy p”er (Woé ed He-‘l«x‘%‘ ]
Qotlet = F’ﬂ:“«rod < C%‘t"-ﬂc“ﬂfﬁ\ '

Fromn 'PGC(@_ 7 L el fe'].uoH'.

The analytical results wereas follows:

(G B1SD

Location Test 1b./hr. L~5‘/ C I:«?.-...a-( |
-
Inlet 1l ' 3412. —
’ *
e ' - 2 52100 —
Mu-'.'"" - . - . -
C-- at ‘,-‘;\n f: \ 3 3202. . o
7 i 2 “‘ﬂ'-— ’ . . -
.y Obn -~ Avg. ’ 3941, - —
( Outlet : 4 . 37.51 2L
5 ) 37.74 2270
6 ' 36.37 25.60
Avg. 37.2Y 2249



@

g@r Praes B =1l aled deds wj C'OMC\UC‘PC’ o Z/27/7S

C Na 124 1€ cotled Z/28/75
f‘E( 'ont‘e-'-:ss olyrq-l-rmz lo& Ve q?r])_pﬂcl.-x .
gg&e (ed = 2852 donflbie. o Zfz1[7S
Lhowe -Q'cé: 289z ‘lb-n/Lw. O 2/28/73’
L For Zteolber I:Je-‘- 2/27/75
@44 los. paet, | e 1102 Lot 4o O 454 ,zii 4 B3l
T gy sl A T (R
For R[wldeer Qubet- Z28/7<
Bl lapd b « Loz -auaw.. 043'4-_3,, %Qee I 16l kg
be. ZBAZ_shrod 4o c«‘. 7 i H‘i
( T—le-‘ W e ?r'( @ = ’z
(_’),nC : .o N =B

e Rllcenre. 24— NA Lime Co Eqplemend, vA  (Rebung= ©)
C\Oﬁl Qeé rokr\{ l( T — (_)m(‘ovy‘(foued
(3) Hetliod < Hests @ adack,

F:om /rlg!el /l"f'a(’ 4— ok Leed reiol-( Qorlec-\ all
C"‘(‘)l 'l‘D"’& \‘C)O mr‘F vlief C’aq-Lle\

(?una 1¢ 2 §ﬂr0w-"2'€l't — ne Qow.—. 2oy Q" o d- 7”'4"0""3-5
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Table 1

SUMMARY OF PARTICULATE RESULTS

/3095 ABTS L0215 Pk i) /0373

LY 1 2 3 L] H
Val. &f gas msmnled

(DSCP.Anl)8 RLL I L} 19.59 t1] 6.0 738 .7 1) 26.72 157
T Moldture by volume 6,60 .73 W73 1.7 LTS LIS L ] ] TE L 7F

atank . .

- wil\ 208 w2 /20 0 g8 ™ om W a2
2taok Volumecrie :ln Rate

(DSCPM—a®/eac ) 5515, 1.5 (317 SN ) §9260  20.0 s 25.2 55795 26.3
Stack Volwmtric Fiow Ratel

(AC™H-a Y 7ame }© Mm7EY  AG\O 10951 50,9 105181 49.6 T 5,7 101198 41,8
1 Teokinatje 90,8 oA, 0.5 g0.% 92.9  92.9 940 .o 101.8 101.4
Durstion of run=simtes 6.7 6.7 36 » L] (1] L1 ) (1] [1] 11
Limescone "ead Mate

(men/hr-setric ton/hr) 2] 20.9 28 5.0 29 26.3 b 0.5 ¥ A
Partioulatan-probe, cyélony

ang filter eaceh

[ f9NN.) Boan, 1N72.% 22072.5 [19586,1 194%6.7  L3125,.0 1112%.0  15664.7 15864.7

(Erain/Tacr=ru/mnd)d 1.676% 2612 83061 19,92 f11.5965 26,50 8,323 19.50  4.0432 20,52

(1b/e~h/he ) ¥550.6 2088.9 WSRO 2087.5 | SABY.0 2671.4  3902.2 17705 NITI.A 19820
Farticulaces-cotal eatch

- 19727.1 1971271 11180.5 17180.5  15930.2 159%8.2

(EFRLAS/DICP-tm/Wn? ) 1.6797  26.73 0,553 1080 9.1k 21,02

{18 =g/t ) ) £931.5 2699.5 W7 1T 8391.19 1592.¢
Pereinin iapinger catch 8.7 0.7 a.h a.e a,% o8
inlasies Pastor .

emtenmfaton (Frotune ] A9 197.6 5.6 162 m.; 0,3 m.@

T/ Pon-—2g/HTom (Pewd) 194 98.8 16% 1.4 0% - s b 151 d

& = Dry seandard cuble feet # 70°F, 29.92 in Mg - norem) cubia maters st 21.1%¢C, 760 wm Rg
% = BFy suAmard cuble Cast por minute - noreal Subis wters per wdcomd

« - Appmb} sublo Fewt pint mid., stack camjitions - actusl cubic erters D meoomd

d - Gruias par dry standard cubjo (ewt - it pbt norem) cuble swters

F;r' T:éﬁ No.?.,- €/2/7§P'

L (1-0.007)

4ol kg poel
20 t_;%i lime

Ted No b= </3/7
A

x

Sf"
(1= 0.00%) = 1446 kg pord

For Teet No. §= Sf/7<

e, (1-000%) = 1S0.6 kg pod.
'.'mé
3 s

I<1.4-

Cl(“?ﬁ. -‘m?.'wéaf (t‘rlch

Cl = iwrF njw C'f‘r‘clq\

Z03.2 k )

4 [rme

| [ ‘;m-e

)

‘ Hq e

f’;rwqer ("V'/'{'(#-‘S S
SF= 2032 4 44C 41506 . 1GL. | kg prct [ty Twe

2 dexds,




Celecence 2S5 - O%. Lime 5 Nelson, AZ OZA.-M:@\
Doal - Lo odary kil (r—o/melnmiev </ c?vfoe' Lo (Ner
Y et  ded @ ootlet of om\/el oo
Froun Prce [ of deed (epord

RESULTS ARt EWCLOSED OF THE STACK EMISSIONS ANALYSIS PERFORMED
AT Teg U, 5. Lime PLAMT AT NeLsom, ARiZOwAa ON MAaY 6 Awp 7, 197S.

’ ] PARTicutaTe Euissions /7 oo

TesT Nuwse® 1 coneaae Bsssseessnssena % PER WE, PARTICULATES

TEST NUMBER 2 conncavsesssssanes ere S PER MR, PARTICULATES

Tesy NURBER J wiuvcdiennnearnnananans 5 BS PER MR. PARTICWLATES
- . vt e R

SurLfun REnGvAL . --.---"— : _ ; '_‘-"_'-'-E
APPARENT SULTUR REWOVAL ceenvceaseren ‘93 | ! v

Toe STATE OF ARIZONA EMISSIONS STANDARDS ALLOW A PART! -
s10m8 RATE oF 46 LOS/NE. FOR THE EAV STOWE FEED ut:
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PRINCETON CHEMICAL RESEARCH, INC.

B il ot o]
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Table 8, SUMMARY OF PARTICULATE E'ISSIONS WROM THE HYDRATOR (METRIC)

Run Number

pate

Volume of Gas Sampled - Nm?

Percent Moisture

Average Stack Temp. - °C

Stack Volumetric Flow Rate -

Mm3?/min
Pereent Isokinetle
Run Time - Minutes

Particulates - Front half
mg
mg/im?
Eg/hr
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34,18
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Table 11. MARTIN-MARIETTA HYDRATOR PROGESS DATA

Water Hater
to Hydrator
Lime Feedrate Scmbbeg Hydranog Temp .
Date (1975) (TEWE (GPM) (GPM) (°F)
12 Sept. 18 20 13.5 206 .
" 17 Sept. 17.2 19 15.2 195
17 Sept. 18 19 16.4 196

pan per hour

boallon per minute
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Table 1. SUMMARY OF PARTICULATE EMISSIONS (Metric)
(F Rur Number 1 2 3
Date 9~15=75 9=16=75 9=16=75
|
\ Volume of Gas Sampled = Nm?d 1.73 1.73 1.66
\
| Percent Moisture by Volume 19.86 18.77 20.91
Average Stack Temperaturs - °C &h 64 (-1
1; Stack Volumetric Flow Rate - Nm3/min 2748 2747 2583
x. = ‘) Percent Isokinetic 100.5 100.5 102.6
Q ax! O w
Run Time = Minutes 120 120 120
Particulates - Front Half
mg 119.30 85.20 121.130
ng/Nm3 68.8 49.1 72.9
Kg/hr 11.330 8.085 11.281
Particulates - Total
mg 131.90 93.00 131.3%0
me/Nm? 76.0 £3.6 78.9
Ka/he 12.526 8.825 12,211
9.5 8.4 7.6

Percent Tmpinger Catch

/
(l F::;v1f\ l2le l‘ES })t:ﬁle’ '35‘1- C)‘(:’.5 ‘Lf%s& 1(?13c:"4
. Table 13. SUMHARY OF LIME KILN OPERATING DATA TAKEN DURING
SAMPLING
Limestone Puel (Coal) Puel (Gas) Stack
Date Feed Rate FPeed Rate Feed Rate Temp. Oxygen
Test (1975) (TPH) {TPH) (1000 CFM) °F H
1 9/15 6.7 15 345 0.5
2 9/16 6.5 15 340 0.5
3 9/16 5.9 34 340 0.5
i
A“fﬁ' = Sl TPH
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1.71
19.85
65
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11.187
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Table 1. SUMMARY OF PARTICULATE EMISSIONS FROM KILNS 4 AND 6 (METRIC)

£210 L]
St Sumrr - Kf S Sy 1.8 FA Averare 1=6 24 Awmrapy
ce [N A 12375 [ENT . 17-18-75
volesw of Gis Zespirs - mb * : Lzer 1269 194 0.976 e Y
Percont Wmistare Oy Vo lmir &40 LR L) L] 1F0 Y8 s
sveraxy Scatw Tempiracury - *C 11, 196 157 e 27y m
ek Velaarteic Mew face - =bAnn 1664 (L) 1558 1511 Y3 2
Percent tamiiet1e .t "1 0”.. +8.1 [LIA 1009
Rt Tiwe - dmmtcs “ [} ] ” ” 7
Farticelaces - Premt Aair

- mma S [§1 10 e

et JUN. LR 9.961 1277 15, 104 1709

L 1.7 wm 1”2 2’ o 1067 |
mriculeter - Tota)

- 1TTee £1:1 11999 (3% L0

[Tl . by 9.769 1i. 06 [LIS ] 13.710

-/ L= 3 [T 1118 1017 1064
Sepcemt Laplaar CaLch o.04 n0 0.1 a.2¢ 0.49 3.820
Lidweroms Sl RMCE - GIUFLE COR/E ¥a.s ol 2.3 n.? ’ n.2 2.2
Froamcy tem X - BEITFLC CORSEP n.s 3.0 2.6 n.. .2 a.s

tnianias Peator (b' - mE/wTon (Fesa) 7.9, 4.1 n.n at.. 9.2
neruiem { Prodecy LY LR 0.7 LT, ¥t “

[} el p asllevted aftev it iciom aed § rtebler
#) Eapebior d3te after lom effictlency cyelonr

K.‘w ’\Io.4—: 4-'7 ka T,—A /H.: line f'r,--ocjwﬂc’ (MGH"C’”"‘"’\'
o No.G= loz.$ ™ - > - | (lovo- oL ¢yl

c-23



ZD
o Relieare 24 (T6-xA-1D - T.E. Raker (o, Hillewuille, OH
( No ?m-l.mtq#e ewiieney dak - L0, ouly
o Rellerre 26 (76- (xr-12y = Hatkin Haveble Clionr. | LDouulle, OH

NO (Pnf'\l'h)(ql-e [ ELA- Y. PRUN (L‘xlf% - Q~DZ Omlt/

o BeCiere 3T (NLA Glibt &N-  Z[a[77
Corl- Cree volary kot e lasbosse
G;w?l.frmre dead Qe r":r—':r-l-.‘cu:ies“ 0,
Tola! cabel ceporled — could be corrected Brun cno ks

No process deda re'()oried{, \Be(eL‘? CL,L-,/Q

( .
® 12@(2{9:4(‘0 40 CNLA Sl Z\) - {/77 (.ZA'L-‘W&:‘ TSB

No < rolsey L’w c—o/ Laﬂawa_x? — Cconl- C)reé

Cl\ 'Jle“noé { ~l<""' ("oe-vzjuc-(-ed O @eclh c_)p N 4
br&hou&é’ alackg

F_;DM flpf,\q;’ 2z cC-‘ -L:'s;_-l lc"("-:.')(-l-:

‘ . {ICR TPRT .
Al Gl Collomtrk ¢ 5.3 Witen ) —
| T Mutter 1 2 ] . 5 6 . .
! e SATT 5T Sebe77  SeTSTT SeASTT SIG.T? AW L
{—— |
Shume o Sapled TTID oIE WA W6 B G w5 ghn ».ow
et Yol 1.4 ég.s 12.3 15.1 uz" 1.8 7 |
i . oF %0k ,0 K] lzn.an 0.5 .5 m.)
. o 13,062 u.‘;% 10, nAl N!0
. 2y A, XX 25 &0 18,052 N
ToirIvee 7.1 12 f.n 0. w01 zz.‘! ey ‘!
) feie T/he (1terstrw only) Ny 25 e (X a . |
m] e T .Y -7 X £.1 §.1 6.0 e '
wea) 1V w2 Wz W7 0.1 .2 .1 .
Articuinees « Probe § Pliten ' ‘ i 7 '
- Caten
X 9 MEy e ™7 w067 1. .0 - A
k Aty ’6.3185 Nim oo Yoins o siom e lo"ql- r7
e 1650 .6 5.09 115 2.13 ) 2.9 '
/eom Peed L GO O SUT  0.0NE  G.4SE O.0M0 0.0 . [[ ,d. r
1P ik, vea - .
wrtdcuates = Totn) Cetoh Y g L,(?
" wo i ome 12 oans W asa s v €
e 01102 0.0%0  D.08S2 o.g‘ns OR% oW 0.0RT |
e U 4B S, 1 (% LE I X \ \,1005&
Fogn Tredt 0,514 0,179 | 0.1%) 0087 o.uvs .00 0.1
Mapirere Cutcn ®: @ WD s B Wy 2.0 ::" »
"® ¢

C-24




17.71 ugs?_a [ e _ , OdSt kg, LID2 b 02063 k4
“42.3S e e ‘i M& Ha

O.206% ke podt 2 Ma ddd _ 0.4130 kg pad
Ma feed _ koot

< M‘a' lime
1260,%0« 4 CN(_A GLH%\ — $/z4- ‘-"/26/77 (wl & B>
Same plond o Weletonre 4O
No. S voley Ll wf L,q&aaaw — Cosl- Laed

C%j HC"“«Oé S' ‘lf"‘&.;‘t"i. Co- c]ut:‘leé oL O e op
iy L::Siou‘:.e "-J("c lﬁ% ’I'D el _)c:'Le

(’Pe( e op i D Q‘?&u
F;.Oueﬂ ch‘a\e ég oc ‘w:e “L“-..l ft"Pof'L'-

Plant 83 PARTICULATE

STACK TEST
fn Nusber 1 2 3 AVERAGE I 6 .
Date 5-28=TT 5=25=77 5=26-T7 AVO STACKS
2lume Gas Sampled, SCFD 54.655 49,233 54.339 52.742
Moistere, Voluse 14.0 15.4 13.9 1.4
verage Stack Temp. OF s10.5 A28.0 426.5 821.7
cm D : 11,564 10,078 11,327 10,968 65,930
~PN 21,853 19,807 21,893 21,188 127,106
Isckinetic 101.9 105.4 103.5 103.6
eed Pate T/hr (Limestone only) 86.23 53.52 46.58 48.78
sal Peed T/hr 6.08 6,06 6.04 6.05
stal PR 52.27 59,58 52.62 54,82
articulates - Frobe & Fllter
_— Cateh
4 137.6 132.0 178.3 148.0 887.8
r/703CP o.gaee g.g;u 2.3;95 g g;az
/o 3. . T
/ton feed 0.0839 0.0686 0.1050 0.0858
articulates - Total Cateh
= 1842 145.5 203.4 164.4 986.2
r/DSCP 0.0007 0.0456 0.0577 0.0480
/e h.08 4.05 5.70 4,61 27.66
/ton feed 0.0883 0.0757 0.1224 0.0955 0.5728
Impinger Catch 4,90 9.38 1821 9.50

058 u:s.gl 045t ka 1102 short b, 7 Ha L2 _ OIS g poct
v!awv e i M ilme |¢13|m€
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Plant No. 1
PARTICULATE STACK TEST

EXISTING BAGS - NEW BAQS
- Baghouse-Scction B=1 A=% B=G A=1 A=b [
Run Number 1 & 3 4 ] [
Date 8-09-77 8=09+77 8-11-77 Ba=ll=77 8212277 4  B=13277
Slume Gas Sampled SCFD 53.010 49.073 59 166 &3, 865 62,486 56 211
Molsture, Volume 5.0 5.1 4.5 5.1 5,2
verage Stack Temp., 9F: 324 351 356 327 - 340 3&3
SFM D 12,630 11,610 13,550 10,174 18,720 12,930
PN 19,590 18,640 21.120 15,310 23,110 20.!60

Isokinetie 102.5 103.3 106.6 105.4 103.48 106.2

*ed Rate T/hr (limeatone only) 25.4 25.4 23.1 20.6 23.6 24,1
sal Feed T/r h.1 “uo " 3.7 3-3 308 3.8
anal PWR 2 25 8 9
ime Production 3.7 13, 5 10 w

nruculates ~ Probe & Filter
- - Catch

126.6 148,14
 /pscr .031 . 041
hy F
‘tan feed .77
irticulates - Total Catch N A
: 256.5 360.8  321.,2  182.3 151.9+""  a78,2 ¢
/DSCF 0.075 0.113  0.084  0.064 0,037 0.0h8
hp 8.19 11,47 10.06 5:75 4,82 5.46
“Lon feed : .27 181 .78 1,12 0.82 0.91
. Impinger Cateh 31.4 11.4 n.7 30.8 16.6 14.8

— l:c;f A TSK o0%e . E:;':;luz Er,&s |
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TABLE 3-10. SUMMARY OF EMISSION FACTORS

Emissicn_factora (lb, un AVC'
Test No. Total 15 1= 10 |=m _——a@—

Baghouse Inlet 1 133.8 76.8 52,0 14,2
2 120.3 70.8  50.5 12.5 /
3 nss 127 536 15.8 Tt = 02 k‘i It
4 646.3  45.0 8.9 b
Average m 70.7  50.3 12.8
Outlet 1 0.13 0.09 0.08 0.03 .
2 0.09 0.06  06.05 0.02
3 0.10  0.08  0.07 0.03 = 0.05¥ | /H
4 010 0.09  0.07 0.03 ’ i 3
Average m 0.08  0.06 0.03
Electrostatic Precipitator
Ialet 1 /6.6 1360 500 3.6
2 a78.4  212.0  69.1 4.0 .
3 5.5 1541 597 2.6 '|:F~= IBG-O Iﬁi/"{f&
4 138.0  53.9 2.8
Average 159.5  sa.2 3.3
Outlet 1 8.1 5.7 4.3 L1 |
2 10.5 5.8 4.7 1.1 —1"7 - l -
3 9.1 6.2 4.9 16 | = 4’7 b’i H
— — - — A Q 5.3 - "W_ — 1_2 N
Aversge 5.8 4.6 1.3
Dust Collector 1 1.8 0.17 0.15 0.0: B}\
2 1.7 0.16  0.16 0.0
3 3.0 0.32  0.27 0.10 7_\);\6-‘{ A
4 0.21  0.19 0.08
Average @ 06.22 0.19 0.08

' ib/ton = pounds per ton of product
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APPENDIX D

COMPUTER PRINTQUTS OF SPLINE ANALYSIS FOR
PARTICLE SIZE DISTRIBUTIONS
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Analysis of Data

from

REFERENCE 24 (SECTION 4.0)

Feairheller, W.R, and T. L. Peltier, Air Pollution
Emission Test, Virginia Lime Company, Ripplemead, VA,
EPA Contract No. 68-02-1404, (EPA, Office of Air
Quality Planning and Standards), Monsanto Research
Corporation, Dayton, OH, April/May 1975.
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Trows “Tacte | prac 4 of Hed reToH'- Cortect euiission Qclors
(?3( \)"\M?{nie( C'ch'/'

Table 1
SUMMARY OF PART [CULATE RESULTS .
[ Y4 V4 rY 01/7 4702775 5/03/15 5/03/15
T Mgl 1 ? 3 L] 5
vol, of oA samml e
. (DEcP.am™)e 11.5e L3 19.59 .55% 26.01 736 2371 _6T 26.72 L1517 '
£ Molstury by voless §.60 6.60 7y .TY 1.7 L.T% CP% LI L 876 NTE
Avevass stack A . .
(*P.oc) 3y 206 w2 00 L] 198 194 201 395 202
stack Yolmmcric Plos pte
(OSCrR-um/vac )0 [TTIC N ) gla90  29.8 soz6e 0.0 5332 25.2 55195  26.3
seack Voluwmwtric Flem nate
(ACvem | rowe 1 aT5y 0.0 TS5l 59.9 105187 9.6 96796 45.7 101149 1.8
£ tackimecic 98,4 9.8 90.5 90.5 92.9 2.9 gs.0 98,0 1018 l01.%
Ouration of rof-sisobdd 26,7 8.7 ¥ 16 L] L1] L1} L1 ] L] L1}
Limratome “ved Gpta
(Ton/Ter =t ric con/r) 21 0.9 Fi) .. 2 26.1" 2 m.5 Fi ) 26,3

Pact ioulatei-porobe qyelam
acd [ilter catch

- Boae. 1 894A.1 11072.5 11972.5  L9586.7 195967 13125.0 L0259 150687 15864.7
(n-num:v-qu-nd 11.6765 .12 B.7060 19,92 115965 26.5% a.5239 1951 9.1022 20,92
(A et/ ) 45546 2065.9 w5580 2067.5 58894 2671.4 3903.2 17T70.5 a371.e 1982.8
Ferticwlates-tocal cated

Lor2r.1 19727.1  13180.5 10180.5 15930.2 15998.2

-
(g-n..m-w-n 11.679T 26.73 B.5599 19.59 9.180% 21.02
(/g /) 5931.5 2690.5 3919.1 11779 a391.19 1992.0

Percent 1EpIagET catch 9.7 9.7 Q.4 a.

0.s 5 0.5
Eminzlon Pactor -
1o/ Tos—be/eTon (Product) | we 191.6 125.6 162.8 a1 200.3% :»z. i
b/ fon-eg/aton (Peea) o8 988 163 w205 wT) s & 5l - |

& - Dyy scanamed cublc fewe & 70°F, 29.92 io 8¢ -~ normml cuble mmterd at ?1.17C, 760 am HE
h-MMﬂMl:fmm-mu-“le—ble-ummm

¢ - hctwal cuBlc fuec por min., steck comditioas - actual cuklc mEtErs per secomd
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SFLIN2 PROGRAM - 02/22/82 V1

TEST ID: VA LIME TEST RUN 1 KILN OUTLET

INPUT DATA: PROCESS WEIGHT RATE = 0 TONS PROD./HR

TOTAL PARTICULATE EMISSION RATE = 0 LB/HR

EMISSION FACTOR

CUT (umA) CuM. Z < CUT (LB/T) (KG/MT)
« 625 1.95645 7 .93099 3.2755
1 2.07096 8.41637 4.20819
1.25 2.12438 8.63348 4.,31574
2.5 2.77395 11,2733 3+.634867
S5 3.24994 13.2078 6.60388
10 4,15642 16.8917 8.440585
15 7.95872 32,3442 16.1721
20 14,252 97 .9203 28,9602

END OF TEST SERIES

PARTICLE DENSITY = 1 G/CC
MEASURED SIZE DISTRIBUTION
CUT(um) CUM. Z < CUT
.34 1,72
.56 1.93
1.1 2,1
1.62 2,24
2.77 2.9
10 3.55
200 100
OUTPUT DATA: TP EMISSION FACTOR = 406.4 LB/T ( 203.2 KG/MT)




SPLIN2 PROGRAM - 02/22/82 Vi

TEST ID: VA LIME TEST RUN 2 KILN OUTLET

INFUT DATA? PROCESS WEIGHT RATE = 0 TONS PROD./HR
TOTAL PARTICULATE EMISSION RATE = 0 LB/HR

PARTICLE DENSITY = 1 G/CC
MEASURED SIZE DISTRIBUTION

CUTCum ) CuM. Z < CUT

+18 1,32
+ 36 1.4

73 1.35
1.13 1.85
1.96 2.06
10 2.92
200 100

QUTPUT DATA!

TP EMISSION FACTOR =

295.2

LB/T «

EMISSION FACTOR

CUT (umA) CuM. Z < CcuTt (LE/T) {(KG/MT)
« 625 1.351062 4.45936 2.22968
1 1,75458 2+20905 2.60452
1.25 1.89198 9498512 2.79256
2.5 2.15433 6.38912 3+ 19456
] 2.5117 7441452 3.70724
10 3.659335 10.803 S+40149
13 7.30218 22,1444 11,0732
20 135.8449 40,8701 20.435

END OF TEST SERIES

147 .6 KG/MT)




Analysis of Data

from

REFERENCE 29 (SECTION 4.0)

Peltier, T.A., et al., Air Pollution Emission Test,
Allied Products Company, Montevallo, AL, EPA
Contract No. 68-02-1404, Task 20, (EPA, Office of
Air Quality Planning and Standards), Mousanto
Research Corporation, Dayton, OH, September 1975.
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SFLINZ FROGRAM -~ 02/22/87 yi

TEST ID! AWIED LIME KILN 3 TEST 1 VENTURI SCRUBBER INLET
INFUT DATA:

MEASURED SIZE DISTRIBUTION

CUTCum ) CuM, % < cut
Wl 1,13
+98 1.34
1,87 1.58
2,73 2,861
4063 : 3'55
10 12.11
200 100

OUTFUT DATA:

CUT (umaA) CuM. X < cur

- 1.14108

1 1.34614 -
1.25 1.42895

2.5 2.35077

S 4.01065

190 12,1467

15 21,6317

20 _ 30.8487

END OF TEST SERIES
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SFLIN2 FROGRAM - 02/22/82 11

TEST I AWIED LIME ~ KILN 3  TEST 2  VENTURI SCRUBBER INLET

INFUT DATA:Z .

MEASURED SIZE DISTRIBUTION

CUT{ um) CuM. X < CUT

7 .53
1,09 73

2.05 93

oA’
0“1?“1 C\)"
cut
LY A7'3615
cuT L . anbb
) b “ A,A-ﬁ ’
29 .7zj135
1 1% 0q67
29 R e
L 13-
?_ o b .'!, ‘3 qaé
1349
5&0 187>
‘7\60 w1ES



SFLINZ FROGRAM -~

02/22,892 1

TEST ID: ALLIED LINE KILN 3
INFUT DATA:

TEST 3 VENTURI SCRUBBER INLET

MEASURED SIzE DISTRIBUTION

CUTCum) CUM. % + CUT
vbod 1.27
]1-‘ 82 1, 39
+ 74 1.54
o 172
10 2o99
20 8,09
Wreyy :
AT
Cuy
(UmA)
AR
~* 25 . J CUT
s 'Y '26.3';
N 1, P
19 I, 4'3‘;3293
= 1, 545> |
15 ‘65? \
629377 |
ENg, 1377956 | 4
) 1 g : :
TEsT o Telozs v
ER‘IES‘ | 5




SELINZ FROGRAM -~ Q222732 W1
N

TEST 2 UENfLRI GCRUBBER INLET

Cey
' s



02/22/82 W
‘ M ) ) R
“LINZ FROGRA

SFLINZ

TEST 10t Al gp LN

KILN 3
tNFUT Dara,

MEASURED SIz

3 n;@TRIBUTIUN
CUT(um) 4
.'z.
!

! Cur
Loy
!




Analysis of Data

frdm

REFERENCE 32 (SECTION 4.0)

Feairheller, W.R., et al., Source Test of a Lime Plant,
standard Lime Company, Woodville, OH, EPA Contract No.
68-02-1404, Task 12, (EPA, Office of Air Quality Plaoning
and Standards), Monsanto Research Corporation, Daytom, OH,
December 1975.
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TEST ID¢
INFUT DATA!

STANDARD LIME

SPLIN2 PROGRAM - 02/22/82 vy

KILN 4 MULTICLONE OUTLET

PROCESS WEIGHT RATE = ¢ TONS PROD./HR
TOTAL PARTICULATE EMISSION RATE = 0 LE/HR
PARTICLE DENSITY = 1 G/CC

HEASURED SIZE DISTRIBUTION .

CUTCum)

16
32
79
1.26
2,3
10
200

OUTPUT DATA:

CUT (uma)

825
1
1.25
2.5
9

10
15
20

CuM., % < cuTt

o7 .
3.31

6.11

?.02

18.14

39.28

100

TP EMISSION FACTOR = 129.2 LB/T ( 44,4 KG/MT)

EMISSION FACTOR

END' OF TEST SERIES

CuM. 2 < cut (LB/T) (KG/MT)
e 2304 6.757468 3.37884
732057 ?.45817 4.72908
?.01202 11.6435 9482175
19.2733 24,9037 12,4519
28,9508 37 1404 4 18.7022
39.4997 21,0336 253.35168
47.8517 461.4348 30.7184
94 . 3004 70,1562 35,0781
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TEST ID?
INPUT DATAZ

STANDARD LIME

SPLINZ2 PROGRAM -

RILN 6

02/22/82 V1

CYCLONE.| QUTLET

PROCESS WEIGHT RATE = 0 TONS PROD./HR

TOTAL PARTICULATE EMISSION RATE =

PARTICLE DENSITY = 1

MEASURED SIZE DISTRIBUTION

CUTCum)

.23
.45
1.07
1.7
3.097
10
200

OUTFUT DATA:

CUT (umAh)

o525
1
1,25

2.5

9
10
15

20

CuM.

Cus. %X < CUT
71

3.97
5.07
6,37
14,39
21.16

100

TP EMISSION FACTOR =

L < CUT
4.53323
4,9246077
3.28142
11,2281
17.8123
21,5904
27 . 2966
33.9056

END OF TEST SERIES

G/CC

205

LB/T (

EMISSION FACTOR

(LB/T)

?.29722
10,1595
10.8259
23.0174
34,3151
44,2607
95.9981
69.3064

{KG/MT)

4.54861
5.08479
S5+41345
11.5088
18.2574
22,1304
27 .9791
34,7532

0 LB/HR

102.5 KG/MT)
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