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PREFACE

This report was prepared for the Environmental Protection Agenmcy (EPA),
Industrial Environmental Research Laboratory, under Conract No. 68-02-3158,
Technical Directive No. 10. It describes the results of emission testing
conducted by Midwest Research Institute (MRI) for the study, "Characteriza-
tion of Inhalable Particulate Matter Emissions from the Cement Industry."
The field testing was conducted at the Ideal Basic Industries, Inc., cement

plant, Ada, Oklahoma, during the period April 30 through May 6, 1981.

The work was conducted by the Field Programs Section of the Environ-
mental Systems Department under the general supervision of Ken Wilcox, Head,
Field Programs Section. Mark D. Hansen was the project leader and also
served as field team leader. He was assisted in the field by George Cobb,
Marilyn Gabriel, Ed Whited, Kent Hall, Cecily Beall, and Ed Olson. John
Kinsey was responsible for the evaluation of the production process. Fred

Bergman assisted in preparation of the report.

We would like to express our appreciation to personnel of the Ideal
Basic Industries, Inc., plant, who gave their assistance and cooperation.
We especially want to thank Harry Javernick, Plant Manager, Mr. Bob Reese,
Project Engineer, and Tom Quaid, Technical Supervisor, for the excellent

support given to the project.

Approved for:
MIDWEST RESEARCH INSTITUTE
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Sggh. P. Schrag, Director
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ABSTRACT

This report presents data for the characterization of inhalable par-
ticulate emissions performed by Midwest Research Institute (MRI) at a wet
brocess cement plant. The plant selected for this study was the Ideal Basic
Industries, Inc., cement plant located at Ada, Oklahoma. This plant is

typical of wet process operations within the cement industry.

Emission testing for both total mass and particle size was conducted by
MRI on the plant's No. 2 kiln. Emissions from the kiln are controlled by an
electrostatic precipitator (ESP). A baseline assessment of the ESP was con-

ducted by PEDCo Environmental, Inc.

Inhalable particulate emission factors have been calculated for the se-
lected particle diameters of 2.5, 10.0, and 15.0 Mm. The calculated emis-
sion factors for each testing location are based on the total mass emission

rate and the particle size data from that source.

iv




CONTENTS
Page
Preface. . iii
Abstract . .. iv
Figures. . . . . . v « v 4 v i e e e e e vi
Tables viii
1.0 Process Description and Operation. 1
1.1 IJIntroduction . . . ... 1
1.2 Process speclflcatlons and normal operatlon 1
1.3 ESP specifications and normal operation. . . . 2
2.0 Sampling Locations, Equipment, Procedures, and Sampllng 5
2.1 Sampling locations c e e e . . 5
2.2 Sampling equipment . . . . . . . . . 4 o . . . 13
2.3 Sampling procedures. . . . . . . . 4 . 4 e 4 e o 15
2.4 Sampling - - - - - . . 0 o 0 4 e h e e 18
3.0 Results. . . . . . . . . . .. 27
3.1 Ducted sources . . . . . . . . 4 o v 0w s 27
3.2 Test results . . . . e e e e e e e 31
3.3 Test results by cement type e e e e e e e e 41
3.4 Summary of emission factors. . . . . . . . . . . 52
3.5 Nonducted SOUXCES. . . . « + « + & + 4 o4 4 . . s 52
Appendices
A, Report of baseline assessment for inhalable particulate
testing of a wet process cement kiln . . . . .. A-1
B. Calculations to determine obstructed area of the 1nlet
duct to kiln No. 2 electrostatic preC1p1tator unit . B-1
c. Calibration data . . . c-1
D. Laboratory and analytlcal data - ducted sources. D-1
E. Preliminary velocity traverse and moisture determlnatlon
data - ducted sources. . E-1
F. Computer printouts for total mass. F-1
G. Particle size computer prlntouts G~1
H. Sampling logs. . H-1
I. Raw field data - ducted sources. I-1
J. Suspect and bad runs Coe J-1
K. Accepted runs but not used in calculatlons e e e e e K-1
L. Sample calculations and nomenclature . L-1
M. Laboratory and amalytical data - mlscellaneous . M-1
N. Unducted source raw field data - paved road fugitive
emission tests N-1
0. Unducted source computer prlntouts - paved road fugltlva
emission tests 0-1
P. Project participants P-1




Number

2-2

2-3

2-5

2-6

2-7

2-8

3-1

3-2

FIGURES

General overview of Ideal Basic Industries, Inc., cement
plant, Ada, Oklahoma

General overview of the twin electrostatic precipitator
units and common outlet stack at Ideal Basic
Industries, Inc.

Schematic of Ideal Basic Industries, Inc., kiln No. 2
(north kiln) and electrostatic precipitator umit show-
ing inlet sample port locatioms. . . ., . ., . . .

Schematic of sample ports, sample quadrants, and sample
point locations at the inlet duct to the Ideal Basic
Industries, Inc., kiln No. 2 electrostatic precipitator
unit . . oL . . L L o o oL,

Schematic of outlet duct sample port locations at the
Ideal Basic Industries, Inc., kiln No. 2 electrostatic
precipitator unit.

Schematic of sample ports, sample quadrants, and sample
point locations at the outlet duct from Ideal Basic
Industries, Inc., kiln No. 2 electrostatic precipitator
upit . . L L L L o o oL e e s e e

Recommended sampling points for circular and square or
rectangular ducts.

Alternate recommended sampling points for square or
rectangular ducts. . . . . . . . . . L. . 0 L.

Kiln No. 2 electrostatic precipitator inmlet, test one--
combined product test results--~cumulative percent less
than stated size and cumulative emission factor versus
particle diameter.

Kiln No. 2 electrostatic precipitator inlet, test two--
combined product test results--cumulative percent less
than stated size and cumulative emission factor versus
particle diameter.

vi

10

11

12

19

20

35

36




FICURES (continued)

Number

3-3 Kiln No. 2 electrostatic precipitator inlet, test three--
combined product test results--cumulative percent less
than stated size and cumulative emission factor versus
particle diameter.

3-4 Kiln No. 2 electrostatic precipitator inlet, test four--
combined product test results-~cumulative percent less
than state size and cumulative emission factor versus
particle diametex.

3-5 Kiln No. 2 electrostatic precipitator inlet, total test
average~-combined product test results--cumulative per-
cent less than stated size and cumulative emission fac-
tor versus particle diameter

3-6 Kiln No. 2 electrostatic precipitator outlet, test one--
combined product test results-~cumulative percent less
than stated size and cumulative emission factor versus
particle diameter.

3-7 Kiln No. 2 electrostatic precipitator outlet, test two--
combined product test results--cumulative percent less
than stated size and cumulative emission factor versus
particle diameter.

3-8 Kiln No. 2 electrostatic precipitator outlet, total test
average--combined product test results--cumulative per-
cent less than stated size and cumulative emission fac-
tor versus particle diameterx

vii

37

38

39

43

44

45




Number

1-1

3-2

3-3

3=5

36

3-7

3-8

3-9

TABLES

ESP Design Specifications

Summary of Kiln No. 2 Electrostatic Precipitator Inlet
and Outlet Test Acceptance Criteria--Combined Product
Test Results

Kiln No. 2 Electrostatic Precipitator Inlet-~Andersen
HCSS Impactor with 15 pm Preseparator Particle Size
Test Sampling Data--Combined Product Test Results.

Kiln No. 2 Electrostatic Precipitator Inlet Emission
Factors Based on Total Mass and Impactor Size
Distribution--Combined Product Test Results.

Kiln No. 2 Electrostatic Precipitator Outlet--Andersen
Mark III Impactor with 15 pm Preseparator Particle.
Size Test Sampling Data--Combined Product Test Results

Kiln No. 2 Electrostatic Precipitator Qutlet Emission
Factors Based on Total Mass and Impactor Size
Distribution--Combined Product Test Results.

Summary of Kilm No. 2 Electrostatic Precipitator Inlet
and Qutlet Test Results--Type I and Type II Cement
Product. . . . . . . . . . . . . 00

Kiln No. 2 Electrostatic Precipitator Inlet--Andersen
HCSS Impactor with 15 pm Preseparator Particle Size
Test Data--Individual Cement Product Results

Kiln No. 2 Electrostatic Precipitator Outlet--Andersen
Mark IIT Impactor with 15 pm Preseparator Particle
Size Test Data--Individual Cement Product Results.

Kilan No. 2 Electrostatic Precipitator Inlet Emission

Factors Based on Total Mass and Impactor Size
Distribution--Individual Cement Product Test Results

viii

29

33

34

40

42

46

48

49

50

. |
- =




Numbery

3-10

3-11

3-12

3-13

3-14

TABLES (concluded)

Kiln No. 2 Electrostatic Precipitator Qutlet Emission
Factors Based on Total Mass and Impactor Size
Distribution--Individual Cement Product Test Results

Summary of Emission Factors--Combined and Individual
Cement Product Test Results.

Raw Product Sample Analysis Results in Weight Percent.

Insufflation Dust Sample Analysis Results in Weight
Percent. e e e

Emission Factors for Paved Road Fugitive Emission Test
Results.

ix

Page

51

53

55

56

58







SECTION 1.0

PROCESS DESCRIPTION AND OPERATION

1.1 INTRODUCTION

This report presents the results of testing by Midwest Research Insti-
tute (MRI) for inhalable particulates at the Ideal Basic Industries, Inc.,
cement plant located in Ada, Oklahoma. Testing was conducted at this plant
during the period April 30 to May 6, 1981.

Testing was conducted on both the controlled and uncontrolled emissions
from the No. 2 kiln and for fugitive dust. The tests are described in de-
tail in Sections 2.0 and 3.0. A baseline assessment of the electrostatic
precipitator was conducted by PEDCo Environmental, Inc. (PEDCo). The re-

sults of that assessment are provided in Appendix A.
1.2 PROCESS SPECIFICATIONS AND NORMAL OPERATION

The facility tested is a wet process portland cement plant with a total
production capacity of 1,800 tons of cement per day. The plant operates two
identical rotary kilns for the production of clinker. Each kiln is 12 ft
in diameter and 450 ft in length with a production capacity of 40 tons of
clinker per hour. The No. 2 kiln, originally installed in 1958, was se-
lected for testing. The kiln contains chain in the feed end from the 306-ft
position to the 432-ft position in four sections. The total chain weight is
106.6 tons with a chain demsity of 15.3 1b/ft®. The kiln is refractory
lined up to the 364-ft position for shell protection and insulation. The

internal diameter of the kilm in the refractory section is 11 ft 4 in.



From feed tanks, the slurry is fed into the kiln by a rotating bucket
feeder resembling a ferris wheel. The slurry typically contains 30% mois-

ture, 77% carbonate material (mostly calcium), and 2% alkali material (mostly

potassium).

The kiln is fired with pulverized coal that is 1ocally mined and washed.
Secondary air is obtained from the clinker cooler heat exchanger to provide
preheated air for coal drying and combustion through the firing hood. Typi-
cal coal firing rates are between 5.0 and 6.5 tons/hr at a raw meal dry sol-
ids feed rate of 60 tons/hr (insufflation not included in weight). The
thermal heat requirements are in the range of 2.1 to 2.5 x 10% Btu/ton of
slurry feed (3.2 to 3.8 z 10® Btu/ton of clinker) at a typical ccal heat
value of 12,750 Btu/lb (dry basis).

Insufflation dust is collected from the first two fields of the elec-
trostatic precipitator (ESP), combined with unit No. 1's insufflation mate-

rial, and returned to the burner end of the kiln.

Kiln process operating parameters are recorded on a daily operating
log sheet once an hour by plant personnel. Key parameters recorded include
coal firing rate, slurry feed rate, insufflation rate, kiln rotation rate,
exit gas temperature, flue gas oxygen, and other important parameters re-
lated to kiln operation. Formulas used to calcnlate the dry slurry feed

rate and insufflation rate from operating data are provided in Appendix A.
1.3 ESP SPECIFICATIONS AND NORMAL OPERATION

Particulate emissions from kiln No. 2 are controlled by an ESP manufac-
tured by Wheelabrator-Frye, Inc. The unit was installed in 1975 as a re-~
placement for the original control device. The ESP has three electrical
fields in the direction of flow, each section energized by separate but
identical transformer-rectifier (T-R) sets. The unit has three pyramid-
shaped hoppers from which dust is continuously removed through rotary air

locks and into screw conveyors. Collected dust from the first two hoppers




is insufflated back to the kiln for reprocessing. Dust from the last hopper
is penumatically conveyed to a storage tank for removal by truck.

Design specifications for the tested ESP are presented in Table 1-1.
The design factors are organized into three categories: hardware, electri-~
cal, and application. Hardware specifications identify the significant
mechanical and dimensional characterxistics of the unit. Electrical specifi=~
cations describe the rated power, voltage, and current levels of the T-R
sets along with other electrical qualifiers. The application category in-

cludes the important gas and particulate design parameters of the ESP.



TABLE 1~1. ESP DESIGN SPECIFICATIONS

Hardware specifications

Manufacturer Wheelabrator-Frye, Inc.
Manufacturer contract number 06~1326
Year installed 1975
Collection plate area (total) 92,252 ft2
Number of chambers 1

Number of fields 3

Plate spacing 12 in.
Plate height 30.8 £t
Plate width 12.5 ft
Number of gas passages 40
Cross-sectional area 1,232 ft2
Linear feet of discharge wire 86,400 ft
Rapper type (plate) Hammers
Rapper type (wires) Hammers

Electrical specifications

Number of transformer-rectifier 3
(T-R) sets
Rating(s) of T-R set 78.5 kVA
Maximum primary voltage 440 V
Maximum primary current 178 A
Maximum secondary voltage 55 kv
Maximum secondary current 1,000 ma
Maximum current density/plate area 0.0325 mA/ft2
Maximum current density/electrode 0.035 mA/ft
length

Application specifications

Gas flow rate, total 240,000 acfm
Gas temperature, inlet 600°F
Gas composition 30% Ho0 by volume
Gas velocity, superficial 3.25 ft/s
Specifie collection area : 384 ft?/acfm
Collection efficiency : 99.93%
Particulate concentration, inlet 15.0 gr/act
Particulate concentration, outlet 0.01 gr/acf
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SECTION 2.0

SAMPLING LOCATIONS, EQUIPMENT, PROCEDURES, AND SAMPLING

This section describes the sampling locations, equipment, and procedures
used for sampling both ducted and unducted emission sources at Ideal Basic
Industries, Inc. In general, sampling locations were in five primary areas:
inlet and outlet ducts to kiln No. 2 electrostatic precipitator (ESP) unit;

raw product ducts; insufflation hoppers; and paved roads.

Figure 2-1 presents a general overview of the plant facilities and sam-

pling locations.

"2.1 SAMPLING LOCATIONS

The plant operates two rotary kilns for the production of cement prod-
uct. Emissions from each kiln are controlled by a separate ESP unit. Gases
exiting two ESP units are exhausted to the atmosphere through 2 common stack.
Both kilns and both ESP units are essentially identical. Kiln No. 2 and
its corresponding (north) ESP unit were selected for testing because of the
presence of scaffolding and ports. Figure 2-2 presents a general overview
of the twin ESP units and common outlet stack. Figure 2-3 presents a sche-
matic of kiln No. 2 and its ESP unit with the inlet sample port locations

indicated.

2.1.1 Inlet to Kiln No. 2 ESP Unit

Inhalable particulate matter emission tests were conducted on kiln No. 2

emissions before they entered the ESP control device.
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Testing was accomplished using two 6-in. ID sample ports, 90° apart on the
bottom of the 8-ft ID circular duct connecting the kiln and the ESP unit.
Figure 2-4 is a schematic of the sample ports, sample quadrants, and sample

point locations.

An accumulation of material in the bottom of the inlet duct to the ESP
unit was discovered during EPA Method 2 determinations. The depth of the
material was determined and calculations were made to adjust the total un-
obstructed area of the duct in order to be able to establish the four sam-
ple quadrants and sampling points. Additional discussion of the rationale
of this adjustment is presented in Section 2.4, "Sampling." The calculation

procedure used to correct for the obstructed area is presented in Appendix B.

2.1.2 OQutlet from Kiln No. 2 ESP Unit

Inhalable particulate matter was characterized on kiln No. 2 emissions
in the exit duct of the ESP control device. The sampling ports were located
in a vertical section of duct below a 90° bend from a horizontal section of
duct from the ESP unit and above the induced draft fan. Testing was accom-
plished using four 6-in. ID sample ports an equal distance apart om the side
of the 9 ft 7/8 in. x 8 ft 11-7/8 in. rectangular vertical section of duct.
A schematic of the sample port locations at the outlet duct from the ESP
unit on kiln No. 2 is presented in Figure 2-5. Figure 2-6 presents a sche-

matic of the sample ports, sample quadrants, and sample point locations.

2.1.3 Raw Product Samples

Grab samples of raw product feed were collected for chemical analysis.

~These grab samples were collected by plant personnel from the kiln No. 2

feed tank.

2.1.4 Insufflation Dust Samples

The Ideal Basic Industries, Inc., cement plant utilizes a single insuf-

flation dust system for the two ESP units controlling kiln emissions.
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Grab samples of insufflation dust were collected. To obtain samples, a 4-in.
diameter pneumatic tap located near ground level was opened. The tap is
located between the two ESP units on the west side of the structures. The

general location of the tap was indicated in Figure 2-1.

2.1.5 Paved Road Fugitive Emissions

Emissions from roads were sampled for characterization of fugitive emis-
sions generated by in-plant vehicular traffic. A cross-section of concrete
surfaced road located on the main plant entrance road was selected for sam-
pling. The section of road is located north of the ESP units and was indi-
cated on Figure 2-1. Large haul trucks enter the plant property via this
main road on their way to the loading area. After being loaded, they exit

the plant using a different road.

2.2 SAMPLING EQUIPMENT

2.2.1 Particulate Mass

2.2.1.1 EPA Method 5 Train-~

The EPA Method 5 train was used for mass sampling at the inlet to the
ESP. The sampling train consisted of a Research Appliance Company (RAC)
console and sample box. The probe nozzle and liner were made of 316 stain-
less steel, and the remainder of the train was made of borosilicate glass,
Particulate matter was collected on 4-in. diameter, preweighed glass fiber

filters.

2.2.1.2 EPA Method 17 Train--

The EPA Method 17 train was used for mass sampling at the outlet from
the ESP. The in-stack filtration sampling system used was in accordance
with the configuration presented in the Federal Register, Vol. 43, No. 37,
Thursday, February 23, 1978.

The metering and flow control system for this train consisted of a RAC

console. The filtration system consisted of an in-stack filter holder

13



(Sierra Instruments, Inc., Model 273) coupled to a 5/8-in. OD pipe. The
nozzle and filter holder were made of 316 stainless steel. Particulate mat-
ter was collected on 47-mm diameter, preweighed, glass fiber filters. A
condenser-ice bath cooling system with silica gel trap was used for deter-

mining moisture content of the stack gas.

2.2.2 Particle Size

2.2.2.1 Andersen High Capacity Stack Sampler (HCSS)--
An Andersen high capacity stack sampler (HCSS) cascade impactor
(Andersen 2000) with 15-pum preseparator (Sierra Instruments, Inc.) was used

for particle size distribution measurements of emissions at the inlet to
the ESP.

The Andersen HCSS cascade impactor comsists of two single jet impaction
chambers followed by a third stage cyélone and a backup thimble filter. A
RAC comsole was used for control and metering of flows. A condenser-ice
bath cooling system with silica gel trap was used for determining moisture
content. Particulate mattcr was collected inside the Stage 1 and Stage 2
impactor chambers and the Stage 3 cyclone. All particles remaining in the
gas stream downstream of the Stage 3 cyclone were collected in a preweighed,

high efficiency glass fiber thimble filter.

2.2.2.2 Andersen Mark III--
An Andersen Mark III cascade impactor (Andersen 2000) with 15~um pre=
separator (Sierra Instruments, Inc.) was used for particle size distribu-

tion measurements of emissions at the outlet of the ESP.

The Andersen Mark III is a multistage, multijet cascade impactor. A
RAC console was used for control and metering of flows. A condenser-ice
bath cooling system with silica gel trap was used for determining moisture
content. Particulate matter was collected on 2.5-in. diameter preweighed

glass fiber filters {(manufactured by Andersen 2000).

14




2.2.3 Paved Road Fugitive Emissions

Paved road fugitive dust samples were collected by portable electric

vacuum cleaner with preweighed, disposable, paper vacuum cleaner bags.

2.2.4 Equipment Calibration

All ducted emission sampling equipment calibration was performed accord-

ing to EPA requirements as stated in the Federal Register, Vol. 42, No. 160,

August 18, 1977. Appendix C contains the calibration data for the equipment
used during this field test.

2.3 SAMPLING PROCEDURES

2.3.1 Pretest Preparations

2.3.1.1 Particulate mass--

2.3.1.1.1 EPA Method 5 train--Four-inch diameter type A/E (Gelman Sci-

ences, Inc.) glass fiber filters were used for particulate collection sub-
strates in the EPA Method 5 train at the inlet to the ESP unit. The filters
were placed in numbered 4-3/4 in. diameter by 3/16 in. deep aluminum weigh-
ing pans. The filters and weighing pans were desiccated for 24 hr. Each
filter and its corresponding numbered weighing pan were then weighed on a
Mettler Model AK 160 electronic balance. Weighings were recorded to the
nearest 0.1 mg. The filters and weighing pans were again desiccated for 6
hr and weighed. The 6~hr desiccation was repeated until two consecutive
weighings agreed within 1.0 mg (0.001 g). Laboratory weighing data are pre-

sented in Appendix D. Plastic petri dishes were used as shipping containers.

Glass beakers (250 ml) were used for recovery of mass train samples.
The beakers were first washed in Alconox and rinsed with tap water. The
beakers were numbered by using a lead pencil on the etched surface of the
beaker. The beakers were then rinsed with distilled water and heated in an

oven to 500°F for 1 hr. The beakers were transferred using beaker tongs to
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a desiccation chamber and dessicated for 24 hr. The beakers were then
weighed on a Mettler Model AK 160 electronic balance to the nearest 0.1 mg.
The beakers were redessicated and reweighed at 6-hr intervals until two con-
secutive weighings agreed within 1.0 mg (0.001 g). After completion of
weighing, the beakers were placed in plastic Whirl-Pak containers and placed

in their original boxes for shipping.

2.3.1.1.2 EPA Method 17 Train--Gelman type A/E 47-mm diameter glass

fiber filters were used for particulate collection substrates in the EPA
Method 17 train at the ESP outlet location. The filters were placed in num-
bered 57-mm diameter aluminum weighing pans. The desiccation and weighing
procedures followed for these filters were identical to the procedures used
for the EPA Method 5 filters. Plastic petri dishes were also used as ship-

ping containers.

Glass beakers (150 ml) were used for recovery of EPA Method 17 samples.
The beakers were cleaned, desiccated, and weighed according to the procedures
described for the EPA Method 5 sample beakers. These beakers were also

transported in plastic Whirl-Pak containers.

2.3.1.2 Particle size-=

2.3.1.2.1 Andersen high capacity stack sampler with 15-um preseparator--

The entire Andersen HCSS impactor and 15-pm preseparator system and nozzles
were washed in detergent and rinsed with distilled water and acetone. The

acceleration and vent tubes were cleaned with a high pressure air stream.

A 1.5-in. diameter by 4.75-in. long aluminum tube was used as a con-
tainer for each glass fiber thimble filter. The aluminum tube also sexrved
as a weighing container. The thimble filter and aluminum tube were prepared

for field use as follows:
. The aluminum tubes were numbered with an engraver and the
aluminum tubes and 1lids washed in alconox, rinsed with tap

water, and deionized, distilled water.
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. The tubes and lids were then heated in an oven to 500°F for
1 hr. After heating, the tubes were handled only with beaker

tongs.

. After cooling, a thimble filter was placed in each container,
which was then placed in a desiccator for 24 hr at ambient
conditions. The tubes and thimbles were weighed to the near-
est 0.1 mg on a Mettler Model AK 160 electronic balance.
The tubes and thimbles were desiccated and weighed at 6-hr
intervals until two consecutive weighings agreed within
1.0 mg (0.001 g). The lids were placed on the aluminum tubes

and the assembly wrapped in aluminum foil for shipment.

Aluminum weighing pans 57 mm in diameter and 20 mm deep were used in
recovering samples from the first four impactor stages. Each weighing pan
was numbered with a metal engraver. The aluminum weighing pans were then
desiccated and weighed following the procedures used for the aluminum tubes
and thimbles. The aluminum weighing pans were placed in 100-mm diameter by

20-mm deep plastic petri dishes used as shipping containers.

2.3.1.2.2 Andersen Mark IIT impactor with 15-pm preseparator--Ten

3-in. x 3-in. pieces of aluminum foil were cut to serve as holders for each
filter set. The aluminum foil squares were folded in half and labeled, and
the appropriate glass fiber filter substrate (Andersem 2000) was placed in-
side., The filter sets were conditioned by vacuum desiccation for a period
of 1 hr. ZEach filter, including its aluminum foil square, was weighed on a
Cahn Tostruments Model 27 electrobalance to the nearest 0.01 mg. The vacuum
desiccation and weighing procedures were repeated at 15-min intervals until
two consecutive weighings agreed within 0.05 mg. Each complete filter set

was then placed in a glassine envelope for shipping.

2.3.1.2.3 Paved road fugitive emissions--Paper vacuum cleaner bags

were preweighed on a triple beam, Ohaus balance to the nearest 0.1 g and

then placed in individual shipping envelopes.
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2.4 SAMPLING -

The sampling criteria for both the particle sizing and mass tests were
obtained from the "Procedures Manual for Inhalable Particulate Sampler Op-
eration," prepared by Southern Research Institute, November 30, 1979, for
EPA. The manual specifies four individual sampling points with a * 20% iso-

kinetic sampling rate.

2.4.1 Kiln No. 2 ESP Qutlet Test Location

According to the manual, the recommended sampling points for circular
and square or rectangular ducts can be determined by using the calculations
shown on Figure 2-7. A preliminary survey of the Ideal Basic Industries,
Inc., plant facilities did not locate any sampling ports near the outlet
duct that meet either the EPA Method 1 criterion of eight downstream and
two upstream duct diameter or the minimum criterion of two downstream and
0.5 upstream duct diameter. 8o, at a meeting held at EPA offices in Research
Triangle Park on January 22, 1981, EPA recommended that MRI use an alternate

sampling position, shown in Figure 2-8.

The sample ports for this alternate position were located one duct di-
ameter downstream from a 90° bend, an equal distance apart on a single axis.
The duct was traversed in a plane expected to contain the greatest variation

in concentration.

2.4.2 ESP Inlet Test Location

The testing strategy used to sample the horizontal, circular duct at
the inlet sampling location varied from the recommended sampling point array,

because of the accumulation of material in the bottom of the duct.
The accumulated material presented two problems for testing at this

location. First, the unobstructed area of the duct had to be determined

and calculations made to adjust the location of the four sampling points.
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The total inside area of the duct, including the obstructed region, was
50.3 £t2. The obstructed portion amounted to 6.0 ft2 or about 12% of the
total duct area, leaving an unobstructed area of 44.3 ft?. Appendix B con-
tains the formula and calculations used to determine the unobstructed area
of the duct. All comﬁuterized results used the unobstructed (corrected)
duct area of 44.3 ft?2 for determination of emission parameters. For sam-
pling purposes, the calculations used for determination of the unobstructed
area of the duct shifted the four sampling quadrants and sampling points
upward towards the top of the duct. The recommended sampling quadrants and

actual sampling quadrants were shown in Figure 2-4.

‘The second problem associated with the accumulated material involved
the two sampling ports which were located 90° apart in the bottom of the
circular duct (see Figure 2-4). Prior to EPA Method 2 measurements, a hole
was opened through the material. The duct pressure was negative, so this
hole generally remained open, because of the frequent opening of the port
covers. However, during EPA Method 2 measurements, the accumulated material
continuously plugged the pitot lines at the two traverse points located
nearest the port_openings. Several velocity traverses were attempted with
the same result. No reliable velocity data were obtained for these traverse

points. Results are presented in Appendii E.

The difficulty in obtaining reliable velocity data near the port open-
ings during EPA Method 2 measurements resulted in an additiomal shift upward
of the two bottom quadrant sampling points. The calculated sampling point
locations, without any duct obstruction, would have been 14.4 in. and 81.6
in. into the duct from each port. After correcting the stack area to accom-
modate the obstructed region, the four sampling points were shifted upward
4.6 in., to 19.0 in. and 86.2 in., respectively. Several attempts were made
with the "S" pitot at 19 in. into the duct to determine if velocity data
could be obtained during actual sampling. These attempts were unsuccessful,
as were others at various distances up to 30.0 in. into the duct. A deci-
sion was made to shift the two lower quadrant sampling points to a distance
of 40.0 in. into the duct in order to obtain the necessary stack velocity

readings during testing. Prior to the initiation of sampling, 2 circular
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metal insert was placed inside the port opening. This insert helped to pre-
vent material from accumulating directly at the port opening, enabling the
sampling probes to be inserted or withdrawn through the insert without be-
coming either plugged or contaminated by the accumulated material. The four

sampling points used at this test location were shown on Figure 2-4,

2.4.3 ESP Qutlet Mass Method

An EPA Method 17 sampling train (in~stack filtration system) was used
for total particulate mass sampling at the outlet duct from the ESP unit.
Method 17 was used on the outlet instead of Method 5 in an effort to elimi-
nate collecting condensible alkali oxides during the mass determinations.
This decision was based upon the lower gas temperatures at this locatiom,
approximately 50°F, and the longer time the kiln exhaust gases had to travel

before arriving at the test location.

2.4.4 ESP Inlet Particle Sizing Method

An Andersen HCSS with 15-um preseparator was used for particle sizing
at the inlet duct to the ESP unit. This impactor was chosen because it is

designed for the heavy grain loading situations in which standard impactors

cannot be used.

An Andersen Mark III impactor with 15-fm preseparator was used for
particle sizing at the outlet duct from kiln No. 2 ESP unit. This impactor
was chosen for use at this location because it is designed for moderate

grain loading situations.

2.4.5 Sample Blanks

2.4.5.1 Pérticulate Mass--

Three filters of each type used for sampling were selected and weighed
as blanks each day that sample filters were final weighed. One blank filter
of each type was weighed before any samples were'weighed. The second blank

filter was weighed during sample weighing. The third blank filter was
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weighed at the completion of sample weighing. The three weights of each
filter type were averaged at the end of each day. The difference between
the average tare and average final weight of each filter type was then ap-
plied as a correction factor to samples weighed on that day. The blank

filter weight analyses are presented in Appendix D.

Acetone blanks were determined in triplicate. The acetone blank analy-

ses are also presented in Appendix D.

Field blanks were collected and analyzed but were not used as a correc-

tion factor.

2.4.5.2 Particle Sizing--

A particle sizing blank filter set consisted of one slotted impaction
substrate with aluminum foil holder and one 2.5-in. diameter unslotted final
filter with aluminum foil holder. The blank sets were desiccated, weighed,
and handled in the same manner as actual sets used for testing. Three blank
sets were selected and weighed in the field on the day that samples were
weighed. One blank set was weighed prior to sample weighings, one set dur-
ing weighing, and one set after samples had been weighed. The average final
weight of each substrate type was used as a correction factor. Separate
correction factors were determined for the slotted impactor substrates and

the unslotted finmal filters.

Three thimble filters were used as blanks for the Andersen HCSS impac-
tor. The three blank thimble filters were weighed in the field at the end
of each day. The average weight gain or loss compared to the average tare
weight of the three blank thimbles was used as a correction factor for that

day.

2.4.6 Raw Product Samples

Grab samples of raw product feed were collected from the No. 2 feed
tank by Ideal Basic Industries, Inc., plant personnel. One grab sample was

collected during each 8-hr plant shift, for a total of three raw product
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feed samples each 24 hr. The samples were labeled as to the date and the

shift during which they were collected. Samples were stored in plastic bags

for subsequent analysis.

2.4.7 Insufflation Dust Samples

Grab samples of insufflation dust were collected with a fine mesh nylon
bag from a 4-in. diameter pneumatic tap. One sample was collected each

testing day by MRI personnel. The samples were labeled and stored in plas-

tic bags for subsequent analysis.

2.4,8 Paved Road Fugitive Emissions

_ Sampling and analysis was accomplished according to the document, '"Man-
val for Characterization of Industrial Roads," Draft Report, November 7,
1980, prepared by Midwest Research Institute for Industrial Environmental

Research Laboratory, EPA, Research Triangle Park, North Carolina 27711.

Road samples were taken across a 20-ft wide cross-section of the road
with a power vacuum and captured in tared vacuum bags. Four samples were
collected. The vacuum bags were returned to MRI and reweighed to determine
the sample mass. The surface loading was then calculated given a known mass
on a specific area. The bags were then cut open to recover the sample.

Each sample was dry sieved to determine its silt content.

2.4.9 Test Identification System

A system of identification was developed for the tests at the Ideal
Basic Industries, Inc., cement plant. A typical test number, ESP-0-2-1(B),
was derived as follows:

. The first designation indicates the sampling location: e.g., ESP.

. The next designation indicates either the outlet (0) or inlet (I)

location of the control device being tested.
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The first number is the number of the quadrant being tested:

e.g., number "2" above.

The second number, e.g., number "1" in the above example, is the

run number (one run in each of four quadrants.)

The letter designation shown in parentheses indicates a repeat of
the run in that particular quadrant. In the above example, the
"B" indicates that this is the second run of Run 1 in quadrant 2,
because the first run did not meet established test criteria.
The first run that did not meet the test criteria was then labeled
"A." If a run met all criteria the first time, a letter "A" was
not designated. Only in the case of a repeated run was a letter
designated. If a run was repeated the third time, then the letter

"C" was designated; and so on.
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SECTION 3.0

RESULTS

The results obtained from this test are summarized for ducted sources
in Section 3.1 and for nmonducted sources in Section 3.5. The data are pre-
sented in both graphical and tabular forms. The computer printouts of the
mass and particle size runs from which the results have been summarized are
presented in Appendices F and G, respectively. The sampling log is presented
in Appendix H and the raw field data for ducted sources are presented in

Appendix I.

Iwo types of cement were produced by the plant during the testing.
The results are presented as Type I, Type II, and combined. Emission fac-
tors are presented for both types of cement, as well as combined.

3.1 DUCTED SOURCES

3.1.1 Acceptance Criteria

Only data that have met specific acceptance criteria are summarized in
this section. These criteria, as obtained from "Procedures Manual for Inhal-
able Particulate Sampler Operation" (SoRI-EAS-79-761, 4181-37), November 30,
1979, prepared by Southern Research Institute for EPA, are:

1. Each total mass and particle size run must be within * 20% of iso-

kinetic.

2. The particulate grain loading from the total mass train and the IP

train must be within * 50%.
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Two total mass and four particle sizing tests consisting of four runs
per test (ome run per quadrant) were conducted at the ESP inlet test site.
Two total mass and two particle sizing tests consisting of four runms per
test (one run per quadrant) were conducted at the ESP outlet test site.
The average particulate grain loading for each set of four runs was deter-
mined, as well as the average for the number of tests conducted. Any mea-
surement of the total mass which differed from the mean by more than 50%
was considered suspect. The suspect value was compared with that found by
the particle size train used at the same point. If these values disagreed
by less than 50%, it was assumed that the deviations probably were due to

stratification of the particulate and all of the data were retained.

Table 3~1 summarizes the data used for the acceptance criteria for the
ESP inlet and outlet test locations. For the test to meet acceptance cri-
teria, the values in the column labeled (% from X) must be less than 50.

The % from X is calculated as follows:

X for all tests - X for individual test of 4 runs

— x 100
X for all tests

For the first test shown in Table 3-~1, this was calculated as follows:

- 78.2 - 67.4

785 x 100 = 14

The data from runs that were suspect or did not meet the acceptance criteria
are presented in Appendix J. Duplicate rums that were not used in the final

calculations are presented in Appendix K.

3.1.2 Emission Factor Calculations

The emission factors for the inlet and outlet of the ESP were calcu-

lated for 2.5, 10.0, and 15.0 pm as follows:

28




cer1297a> anueydande Julje|o3Ted UT pasn Jou ses pue ejep 133dsSns pIAIPISUCI sem ([--N-J53)} una s1Yy woxj Burlpeor ayeynoryaed ayp
’ 2

‘ugaw = ¥ q

‘100) Diqna paepueys A1p 1ad sutean = joaspjad o

8000 = X . 10°0 = X
ST00°0 £ 66 1$-9-§ z _q g200°0 L°%6 [8-G-S Z #
17 £on’0 Ti000"0 07801 i8-5-G [ € 0t [ A1) 15000 8766 19-5-S 4 £
750070 L 66 18-9-5 {4)2 4 770" 0 L-Zr1 18-9-S {U)2 Z
{80070 27601 18-%-G Z 1 z 61670 596 1g-4-S Z 1 Z
u—w.c 2ol 19-%-C 1 i 150070 S Z01 u-m-wcm 1 Y
iz 500" 9¢00° 0 786 18-2-9 1 L t x4 ELoG- 0 66090 o1l i8-2-% { L
$500°0 £°001 18-9-¢ (M1 Z 090070 8801 18-1-¢ 1 Z
%5000 S 66 18-9-¢ ()1 L i SL00° 0 S Cot 18-9-S (N 1 1
(3oreredasard wrl G q3T1a dojoedut T}] fIvy uU3sI3puy) uTery J[ 191100 (£1 poyIal yda) vieaq ssvw ja[ang
80 =X . T = X
$'e8 {16 Ig-9-S i b
i1 6 9L 9 8y % L0k 18-4-6 iz €
€708 % 98 18-5-6 i Z
7'86 1yl 18-%-S 7 1 Y 3
6°%6 %001 18-9-6 £ Y 2Tl B Z01 18-9-6G A i
%z 9°L8 0° 6L 2 %01 18-6-S £ € ! 1°68 £ 6L 97101 18-6-G z m
7704 4768 1§-5-§ £ z L 69 1°86 18-6-6 A z
2 ol £ 901 I18-y-S (4)E I £ 6 9Ll 9" 601 [8-%-§ Fd [ [
' L°2S 1°86 18-2-5 Z 7
St 0°09 9ty L ¢l 19-1-% g t
¥ Tt 8759 18-%-5S 4 A
£ 1L S 80 Ig-2-% z 1 Z
S gy 101 18-2-% 1 Y 89t 8726 ig-2-% 1 Y
0Z 879y L2 1) g 901 18-1-S 1 € il 8°L9 66T S ol 19-1-% 1 £
8789 586 18-4-§ i 4 {7901 L 18-%-§ 1 Z
9 §¢ 1'%4 Ig-2-% 1 [ 1 2786 % 601 ig-2-% 1 i [
(roqesedosasd wil g1 a1 1o7dwes yoeys A1t1oede)y y@ry ussiopuy) urery gy 33(ur ' (S POIH ¥4d) uter] ssew jajnj
X X Guw_u\uwu JTYAVDNOS]  aep “oy "oN ToN b'e X n:um_{uwu JTIDULROS | agep ToN T 0N SOy
woly ¥ - Burpeog % 18a], uny Jueipendy 1s3] woaJ ¥ 9= Suipeog 9 183, uny Jueapend 183}
ajernd1iaeg ESA RIS ELE|

SIINSdd ISAL LONJ0dd TENIHWOD--VIUALIED HDNVIJIOIV ISHL
LAd'TLNO ANV LHINTI JOLVIILIOHNEd DILVISORLIHTA T “ON NTIH A0 AYVWWNS “T-£ d'1d4VL

B



A total mass emission factor was calculated for each run of each test
using the data collected with the EPA Method 5 train (inlet test location)
or the EPA Method 17 train (outlet test location) and the standard EPA
Method 5 calculations (Appendix L). 1IP emission factors were calculated
using the mass train emission factor rather than the particle sizing emis~
sion factor. The emission factor is presented in pounds per hour and pounds
per ton of product. The product tonnage daily output was provided by Ideal
Basic Industries, Inc. The emission factor calculation for each run is
based on the stack velocities measured at the single sampling point of the
quadrant being sampled. Since the stack was not traversed during the test,
as per the testing protocol, the standard EPA Method 5 reduction of the data
is based on the assumption that the overall average stack velocity was the
same as the velocity measured at the single sampling point. Also, since
the series of runs required for a test were collected over more than one
day, it was assumed that operating conditions did not vary appreciably over

the sample periods.

The mass collected on each stage of the particle size trains was deter-
mined and the cumulative percentage of the total mass for each stage calcu-

lated. The effective cut size (Dgg) for each stage was also calculated.

The computer printouts in Appendix G indicate the cumulative percent
greater than the stated Dgg, whereas the graphs and tables indicate Dgq as
cumulative percent less than the stated size. The equations for the Andersen

HCSS and Andersen Mark III impactor calculations are presented in Appendix L.

It should be noted that the particulate loading on some stages is low.
In a few instances, application of the blank filter correction factor re-
sulted in small negative weights. These were recorded as zero for calcu~

lation purposes.

The cumulative percentages for each stage were applied to the total
mass emission factor (calculated from the appropriate EPA Method 5 or
Method 17 train) to obtain an emission factor for each stage of the particle

size device.
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A spline equation was used to fit the data and to extrapolate, where
required, to the desired cutpoints. Emission factors were calculated for
2.5, 10.0, and 15.0 um. The particle diameter upper limit was set at 50.0 pm
for the calculations using the spline equation. A program for handling im-
pactor data using a spline fit has been developed by J. E. Johnson, et al.,
"A Computer Based Cascade Impactor Data Reduction System,'" EPA-600/7-78-042,
March 1978.

3.2 TEST RESULTS

A change was made in the type of cement produced during the field tests.
The data presented in the tables labeled Combined Product Test Results makes
no differentiation between tests conducted during the production of Type I

or Type II cement.

Although each test consisted of four separate runs, one per quadrant,
the change in type of product resulted in some quadrants of a given test

being sampled during production of different cement products.

At the outlet test location, for example, a mass train run in a particu-
lar quadrant was conducted during production of one type of cement product
and the particle size run for that same test and quadrant was conducted dur-
ing production of the other type of cement product. This was the direct
result of repeating some runs that were suspect and, also, running both a
mass tréin and an IP train simultaneously in different quadrants. The mass
train would be run in a quadrant first and the IP train run in the previous
mass train quadrant. At the end of any given testing day, therefore, it

was likely that an IP train had not been run in the last mass train quadrant.

At the inlet test location, each quadrant sampled during a given test
day was sampled with both a mass train and the two IP trains. Therefore,
the change in type of cement product affected all of the data for a particu-

lar quadrant.
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3.2.1 Summary of ESP Inlet Results

Table 3-2 presents the test data for the inlet of the ESP. Values are
reported for each size location collected for the runs meeting the acceptance
criteria. The values reported consist of the total mass collected, the cal-
culated Dgq particle size under sampling conditions, and the cumulative per-

cent of the mass less than the stated particle size.

3.2.2 Summary of ESP Inlet Mass Emission Factors

Table 3-3 presents the mass emission factors for the inlet to the ESP.
This table presents, for each run, the total mass emissioms, the production
rate during sampling, the total mass emission rate, the ratio of the IP mass
to the total mass, and the emission factors for the three particle size

ranges.

3.2.3 Graphic Presentation of ESP Inlet Results

Figures 3-1 through 3-5 present the results of the ESP inlet test
graphically.

Figures 3~1 through 3-4 present the results of individual tests, and
Figure 3-5 presents the average results of these four tests. Results are
shown as particle diameter plotted versus cumulative percent less than the

stated size and the cumulative emission factor.

3.2.4 Summary of ESP Qutlet Results

Table 3-4 presents the test data from the outlet of the ESP. Values
are reported for each size fractiom collected for the runs meeting the ac-
ceptance criteria. The values reported comsist of the total mass collected,
the calculated Dgy particle size under sampling conditions, and the cumula-

tive percent of the mass less than the stated particle size.
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CUMULATIVE PERCENT LESS THAN STATED SIZE
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Figure 3-1. Kiln No. 2 electrostatic precipitator inlet, test one--

combined product test results--cumulative percent
less than stated size and cumulative emission fac-
tor versus particle diameter.

35

CUMULATIVE EMISSION FACTOR (ib/ton)
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Figure 3-2. Kiln No. 2 electrostatic precipitator inlet, test two——

combined product test results--cumulative percent
less than stated size and cumulative emission fac-
tor versusg particle diameter.
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CUMULATIVE PERCENT LESS THAN STATED SIZE
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Figure 3-3. Kiln No. 2 electrostatic precipitator inlet, test three-—

combined product test results——cumulative percent less
than stated size and cumulative emission factor versus
particle diameter.
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Kiln No. 2 electrostatic precipitator inlet, test four——
combined product test results--cumulative percent less
than stated size and cumulative emission factor vexrsus
particle diameter.
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Kiln No. 2 electrostatic precipitator inlet, total test
average-—combined product test results-—cumulative
percent less than stated size and cumulative emission
factor versus particle diameter.
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3.2.5 Summary of ESP Qutlet Mass Emission Factors

Table 3-5 presents the mass emission factors for the outlet of the ESP.
This table presents for each run the total mass emissions, the production
rate during sampling, the total mass emission rate, the ratio of the IP mass
to the total mass, and the emission factors for the three particle size

ranges.

3.2.6 Graphic Presentation of ESP Inlet Results

Figures 3-6 through 3-8 present graphically the results of the ESP out-
let test. Figures 3-6 and 3-7 present the results of individual tests, and
Figure 3-8 presents the average results of these two tests. Results are
shown as particle diameter plotted versus cumulative percent less than stated

size and the cumulative emission factor.
3.3 TEST RESULTS BY CEMENT TYPE

As mentioned earlier in this report, two cement types (I and II) were
being produced during the field tests. EPA requested that, where possible,
particle size information and emission factor calculations be reported by

cement type.

As a first step, therefore, the sampling runs were separated by cement
type. Table 3-6 is a summary of test results by cement type. The table
includes data from both the ESP inlet and outlet test locations. In all
instances, each total mass and particle size run met the * 20% isokinetic
criterion. However, for reasoms cited earlier, no averaging of the particu-
late grain loading for each set of four runs can be determined. The evalu-
ation of individual total mass runs to determine their deviation from the

mean (% 50% criterion) alsc cannot be determined.

Emission factors for both the inlet and outlet test locations were also
calculated for sampling runs conducted during both types of cement produc-

tion.
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CUMULATIVE PERCENT LESS THAN STATED SIZE
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Figure 3-6. Kiln No. 2 electrostatic precipitator outlet, test ome—
combined product test results--cumulative percent less
than stated size and cumulative emission factor versus

particle diameter.
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Figure 3-7. Kiln No. 2 electrostatic precipitator outlet, test two-—
combined product test results-—qumulative percent less
than stated size and cumulative emission factor versus

particle diameter,
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Figure 3-8. Kiln No. 2 electrostatic precipitator outlet, total test
average-—combined product test results-—cumulative
percent less than stated size and cumulative emission
factor versus particle diameter,

45

CUMULATIVE EMISSION FACTOR {ib /ton)



TABLE 3-6. SUMMARY OF KILN NO. 2 ELECTROSTATIC PRECIPITATOR INLET
AND OUTLET TEST RESULTS--TYPE I AND TYPE II
CEMENT PRODUCT

Particulate : Particulate
% loading 2 % loading
Run I.D. No. Date Isokinetic (gr/dsef) Run I.D. Ne. Date Isokinetic (gr/dsci)
Inlet mass train (EPA Method 5) Inlet IP train.(Andersen high capacity stack
sampler with 15 pm preseparator)
Tvpe 1 cement produgt Type 1 cement product
ESP-I-1-1 5-2-81 105.4 98.2 ESP-I-1-1 5-2-81 84.1 78.6
ESP-I-2-1 5=-4~81 114.5 106.7 ESP-I-2-1 5-4-81 98.5 68.8
ESP-I=-3-1 5-1-81 116.5 29.9 ESP-I-3~-1 5=1=81 106.8 31.4
ESP-1-4-1 5-2-81 92.8 34.8 ESP-I-4-1 5-2=-81 101.4 48.5
ESP-1-1-2 5-4-81 109.6 174.9 ESP-I-1-2 5-2-81 98.5 71.3
ESP-I-2-2 5-4-81 85.8 72.4
Iype II cement product ESP-I-3-2 5-1-81 113.7 43,6
ESP-I-4-2 5=2-81 98.1 52.7
E3P-I-2-2 5-5-81 98.1 69.7 ESP-I-1-3(B) S5-~4~81 106.3 110.2
ESP-I-3-2 5-5-81 101.6 39.3 ESP-1-1-4 5-4-81 114.1 98.2
ESP-I~4-2 5~6=-81 102.4 72.6
Iype Il cement product
ESP-I-2-3 5-5-81 85.4 70.4
ESP-I-3-3 5=-5-81 104.4 75.0
ESP-1-4-3 5-6-81 100.4 94.9
ESP-I-2-4 5=-5-81 80.4 80.3
ESP-I-3-4 5-5-81 103.4 48.6
ESP-1-4-4 5-6-81 91.7 88.5
Qutlet mass train (EPA Method 17) Outlet TP train (Andersen Mark III impactor with
15 ym preseparator)
Type I cement product . Tvpe I cement product
ESP-0-2-1 5-1-81 108.8 0.0060 ESP-0-3-1 5-2-81 94.2 '0.00%8
E§P-0=-3-1 5-2-81 111.2 0.0099 ESP-0~=4=1 5-6-81 102.0 0.11
ESP-0=4-1 5-2-81 102.5 0.0058 ESP-0~-1-2 5=4=-81 109.2 0.0037
ESP-0-1-2 5=4-81 96.5 0.019
Type Il cement product Type II cement product
ESP-0-1-1(C) 5-6-81 103.5 0.0075 . ESP-0~-1-1(C) 5=6=81 9e.5 0.0054
ESP-0-2-2(B) 5=6=81 112.1 0.024 ESP-0-2-1(B) 5-6~81 100.3 0.0055
ESP-0~3-2 5-5=-81 99.8 0.0051 ESP-0-2-2(B) 5-6-81 99.7 0.0052
ESP=0=4=2 5-5-81 94,7 0.0028 ESP-0-3=-2 5-5=-81 108.0 0.00072
ESP-0-4~-2 5-6-81 99.3 0.0025

gr/dscf = Grains per dry standard cubic foot.

The particulate loading from this run (ESP=0-4-1) was considered suspect data.
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Since any quadrant was sampled by both mass and IP trains on any given test
day, the emission factors for the inlet test location were calculated follow-
ing normal procedures. In the case of the outlet test locationm, the calcu-
lation procedures used were different from those normally employed because
a particular quadrant was not necessarily sampled by both a mass train and

an IP train on the same day or during production of the same cement.

The total mass emission factors calculated for each type of cement prod-
uct were summed and an average emission factor determined for both types of
cement product. IP emission factors were calculated using this average prod-
uct type total mass emission factor rather than individual run emission fac-
tors or the particle sizing emission factor. The daily production rates
for the two types of cement product were also summed and averaged. This
value was then applied to the average emission factor (in pounds per hour)

to determine the average pounds of emission per ton of each type of product.

The cumulative percentages for each stage were then applied to the single
averaged total mass emission factor (calculated for each type of cement prod-
uct) to obtain an emission factor for each stage of the Andersen Mark III

impactor.

3.3.1 Particle Size Results by Cement Type

The results of the particle size analysis by cement type are presented
in Tables 3-7 and 3-8. Table 3-7 presents the particle analysis by cement
type for the inlet to the ESP. Table 3-8 presents the particle analysis by
cement type for the outlet of the ESP.

3.3.2 Emission Factors by Cement Type

Emission factors by cement type are presented in Tables 3-9 and 3-10.
Table 3-9 presents emission factors by cement type for the inlet to the ESP,

and Table 3-10 presents the same information for the ESP outlet.
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3.4 BSUMMARY OF EMISSION FACTORS

The emission factors for the inlet and outlet of the electrostatic pre-
cipitator on kiln No. 2 were calculated for particles less than 10.0 and
15.0 pm. An emission factor for fine particulates less than 2.5 Mm was also

calculated. Table 3-11 presents the summary of these calculated emission

factors.

The emission factors for combined product test results at the inlet
averaged 20 lb/ton for fine particulates, 85 1b/ton at 10.0 pm, and 150 lb/
ton at 15.0 pm. The outlet averaged 0.08 lb/ton of fine particulates, and
for 10.0 and 15.0 pym averages 0.098 and 0.11 1b/ton, respectively.

Test results during Type I cement product production at the inlet aver-
aged 24 lb/ton of fine particulate, 94 lb/ton for 10.0 pm, and 160 1b/ton
for 15.0 pm. At the outlet sampling site, an average of 0.08 lb/ton of
fines, and 0.10 and 0.12 1b/ton for 10.0 and 15.0 um, respectively, were

emitted during Type I cement production.

During Type II cement production, the iﬁlet averaged 14 1lb/ton of fines,
70 1b/ton for 10.0 pm, and 140 lb/ton for 15.0 pm. The outlet averaged
0.079 1b/ton for fines, and 0.10 lb/ton for 10.0 and 15.0 Mm during Type II

cement production.
3.5 NONDUCTED SOURCES

This section presents the results of the nonducted source tests. The
analytical methods used for analysis of the raw product and insufflation
dust grab samples are presented in Appendix M. Appendices N and O present
the raw data and computer printouts, respectively, for the paved road fugi-

tive emission tests.
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TABLE 3-11. SUMMARY OF EMISSION FACTORS--COMBINED AND INDIVIDUAL
CEMENT PRODUCT TEST RESULTS

Emission factors for
Kiln No. 2 Test Total a £2.5pm £ 10.0 pm £ 15.0 pm
sampling location No. (1b/ton) (1b/ton) (1b/ton) (1b/ton)

Combined cement product test results

Electrostatic precipitator 1 1,100 25 90 150
inlet 2 1,100 22 80 130
3 1,400 15 86 180
4 1,400 18 84 150
Average 1,200 20 85 150
Electrostatic precipitator 1 0.10 0.079 0.087 0.099
outlet 2 0.17 0.082 0.11 0.12
Average 0.14 0.08 0.10 0.11
Individual Cement Product Test Resultsb
Type I cement product
Electrostatic precipitator 1,400 24 94 160
inlet
Electrostatic precipitator 0.15 0.08 0.10 0.12
outlet
Type II cement product
Electrostatic precipitator 1,100 14 70 140
inlet
Electrostatic precipitator 0.13 0.079 0.10 0.10
outlet

2 1b/ton = Pounds per ton of product.

b Data presented represent the average of all of the sampling runs conducted

during the production of the specific type of cement.
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3.5.1 Raw Product Samples

The raw product sample analytical results are presented in Table 3-12.

The results are presented in weight percent.

3.5.2 Insufflation Dust Samples

The insufflation dust sample analytical results are presented in Table

3-13. The results are presented in weight percent.

3.5.3 Paved Road Fugitive Emissions

Emission factors for paved roads were predicted using an MRI experi-

mentally determined emission factor equation.?

0.7
EF=0.091 ¢ oo ﬁ(;—q)
where: EF = Emission factor (pounds per vehicle mile traveled)
I = The industrial road augmentation factor?
N = The number of active travel lames
s = The silt content of the road surface material (% < 200
mesh)
L = Surface dust loadings on the traveled portion of the
road (1b/mile)
W = The average vehicle weight (short tons)

"Manual for Characterization of Industrial Roads," Draft Report,
November 7, 1980, prepared by Midwest Research Institute for Industrial
Environmental Research Laboratory, EPA, Research Triangle Park, N.C.

Equals 7.0 for trucks coming from umpaved to paved rcads and releasing
dust from vehicle underbodies. Equals 3.5 when 20% of the vehicles
are forced to travel temporarily with one set of wheels on the unpaved
road berm while passing on narrow roads. Equals 1.0 for traffic en-
tirely on the paved surface.
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TABLE 3-12. RAW PRODUCT SAMPLE ANALYSIS RESULTS IN WEIGHT PERCENT®

Type I product Type II product

Sample No.: 555 666 777 888 999
Date collected: 5-1-81 5-2-81 5-+4-81 5-5-81 5-6-81
Plant shift: First First Second First First

Shift hours: 0700-1500 0700-1500  1500-2300 0700-1500 0700-1500

Sample component

Na,0 0.29 0.29 0.30 0.29 0.24
K,0 0.90 0.90 1.00 0.80 0.40
Li,Q 0.12 0.12 0.10 0.14 0.12
LOI 34.08 34.34 33.89 34.72 34.51
Total S as 80, 0.42 0.33 0.31 0.40 0.36
c1 0.03 0.01 0.01 0.03 0.02
Ca0 41.96 42.05 41.94 41.53 40.22
$i0, 13.40 13.44 13.92 13.91 15.56
MgO 2.06 1.84 1.98 1.56 1.62
Al,0, 4.19 4.50 4.37 4,21 4. 46
Fe,0, 2.09 1.67 1.72 1.97 2.17
Ti0, 0.22 0.19 0.19 0.20 0.21

Analytical results provided by Spectrochemical Laboratories, Inc.,
8350 Frankstown Avenue, Pittsburgh, Pennsylvania 15221.

b 10l = Loss on ignition.
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TABLE 3-13. INSUFFLATION DUST SAMPLE ANALYSIS RESULTS IN WEIGHT PERCENT®

Type I product Type II product

Sample No.: 111 222 333 4b44 1010b
Date collected: 5-1-81 5~4-81 5-5-81 5-6-81 5-6-81

Sample component

Na,0 0.60 0.55 0.55 0.55 0.50
K,0 3.10, 3.01, 2.60 2.22 2.00
Li,0 0.01 0.01 0.08 0.06 0.10
LoI¢ 22.15 23.03 21.60 24.00 22.34
Total S as SO, 2.97 3.11 2.47 3.88 3.67
cl 0.34 0.36 0.43 0.25 0.24
Cal 46.37 46.92 47.30 45.70 45 .54
Si0, 15.79 14.56 15.32 14.86 15.08
MgO 1.50 1.34 2.18 2.01 2.14
Al,0, 4.61 4.73 4.64 3.25 5.36
Fe203 2.19 1.97 2.29 2.77 2.57
Ti0, 0.24 0.22 0.25 0.21 0.19

Analytical results provided by Spectrochemical Laboratories, Inc.,.
8350 Frankstown Avenue, Pittsburgh, Pennsylvania 15221.

Sample No. 1010 is a duplicate of sample No. 444,
LOI = Loss on ignition.

Not detected. The number indicates the minimum limit of detection.
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For this road the industrial road augmentation factor of 1.0 was chosen
because traffic was observed to be traveling entirely on the paved surface.
The number of active travel lanes was observed to be two. Estimates of the
vehicle mix and of vehicle weights for this road were provided by Ideal Basic
Industries, Inc., plant personnel. Plant personnel estimated an average of
40 trucks per day using this road. Of this traffic, they estimated that
80% were of the five-axle type weighing approximately 23,400 1lb, and 20%
were of the six-axle type weighing approximately 27,080 1lb. From these val-
ues, an average unloaded vehicle weight of 24,136 lb was determined. The
section of paved road sampled was only used by trucks entering the plant to

be loaded. After loading, the trucks exited the plant via a different road.

Four vacuum bag samples of road dust were collected through a cross-
sectional width of 20 ft. Each sample was individually dry sieved to de-
termine silt content. The four samples were then composited to yield a to-
tal surface dust loading of 66.5 lb/mile on the two traveled lanes. The
silt content of the composited sample was determined to be 19.2%. By apply-
ing these values to the MRI emission factor equation, an emission factor of
0.061 1b/VMT (pounds per vehicle mile traveled) was determined. Individual

and composited bag sample results are presented in Table 3-14.

MRI wishes to gratefully acknowledge all those who participated in this

project. A list of those individuals is presented in Appendix P.
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TABLE 3-14.

EMISSTON FACTORS FOR PAVED ROAD FUGITIVE EMISSION TEST RESULTS

Unloaded Surface No. of Industrial
average dust active road Emission
vehicle wt loading a travel augmentat%on factor e
Sample bag No. % Silt  (short tons) (1b/mile) lanes factor (1b/VMT)
29 28.4 12.07 109.2 2 1 0.148
30 19.6 12.07 55.4 2 1 0.052
31 10.0 12.07 49.4 2 1 0.024
32 18.8 12.07 52.0 2 1 0.047
Composite 19.20 12.07 66.5 2 1 0.061
1b/mile = Surface dust loading on traveled portion of road, pounds per mile.
b

The factor of 1 was used for traffic traveling entirely on paved surfaces.

c

1b/VMT = Pounds per vehicle mile traveled.
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