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SECTION 1 

INTRODUCTION 

i 

During the week of February 21, 1982, personnel from PEDCo 

Environmental conducted an emission sampling program at the 

lightweight aggregate facility of Galite Corporation in Rockmart, 

Georgia. The purpose of this test program was to provide data to 

assess the need for New Source Performance Standards (NSPS) for 

selected processes in the lightweight aggregate industry (clay, 

shale, and slate) and, if warranted, to develop such limits. 

Comprehensive testing was conducted on 1) a coal-fired 

rotary kiln (No. 11, whose emissions are controlled by a medium- 

energy wet scrubber, and 2 )  a reciprocating grate clinker cooler, 

whose emissions are controlled by a settling chamber. 

Particulate concentrations and mass emission rates were 

measured at the inlet and outlet of the wet scrubber serving the 

kiln exhaust and at the clinker cooler exit stack. U.S. Environ- 

mental Protection Agency (EPA) Method 5 was used in these mea- 

surements.* Flue gas flow rates, temperature, moisture content, 

and composition [oxygen (02), carbon dioxide [C02), and carbon 

monoxide ( C O ) ]  +ere measured in conjunction with the particulate 
9 

* 
4 0  CFR 60, Appendix A, Reference Method 5, July 1, 1981. 
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tests. 

concentrations and mass emission rates at the inlet and outlet of 

the wet scrubber serving the kiln. Nitrogen oxide (NOx) concen- 

tration in the flue gas exiting the scrubber was determined by 

EPA Method 7.*  In addition, the particle size distribution of 

particulate matter entering and exiting the kiln scrubber was 

determined along with the distribution of particulate exiting the 

clinker cooler stack. The volatile organic carbon (VOC) content 

of the scrubber exhaust gas was determined by EPA Method 2 5 . *  

Visible emission observations were made on each exit stack during 

the particulate tests by EPA Method 9.* Additionally, a visible 

determination of fugitive dust emissions from specified process 

1ocations.was made during each particulate test by EPA Method 9.* 

Representative samples of the kiln feed material (slate) and 

coal used to fire the kiln were collected during each particulate 

test for determination of sulfur content, moisture, density, and 

ash content (coal only). Samples of scrubber water influent and 

effluent, final aggregate product, and captured particulate 

(clinker cooler settling chamber) were also collected during each 

particulate test for sulfur analyses. In addition, the scrubber 

water samples and captured particulate were analyzed for trace 

metal content. The pH of the scrubber water and the density of 

the final aggregate product were algo determined. 

EPA Method 6* was used to measure sulfur dioxide (SO2) 

x 

40  CFR 60, Appendix A, Reference Methods 6, 7 ,  9, and 25,  July 
1, 1981. 
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Mr. Lalit Banker and Ms. Mary Sauer [Midwest Research 

Institute (MRI)] monitored the process operation and collected 

process samples throughout the test period. Mr. Frank Clay (EPA 

Task Manager) observed the test program. 

I 
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SECTION 2 

PROCESS OPERATION 

Emission tests were conducted on the No. 1 rotary kiln and 

clinker cooler exhaust gas streams at Galite Corporation, Rock- 

mart, Georgia, from February 22 through 21, 1982. Galite Cor- 

poration is a subsidiary of Big River Industries of Baton Rouge, 

Louisiana. This plant was selected for emissions testing for the 

following reasons: (1) the raw material (slate) at the plant is 

one of the three feedstocks used in the production of lightweight 

aggregate and ( 2 )  the types and arrangement of pollution control 

devices on the process equipment appear to be representative of 

future plants. The process operations during the tests were mon- 

itored by Lalit Banker and Mary Sauer while Frank Clay of EPA 

monitored the emission tests. 

The Galite plant has two process lines (rotary kilns 1 and 

2 ) .  The No. 2 kiln was not operating at the time of the test. A 

simplified flow diagram of the No. 1 rotary kiln process line 

with associated pollution control equipment is presented in 

Figure 1. The control equipment tested was the wet scrubber on 

the rotary kiln exhaust gas stream and the settling chamber on 

the clinker cooler exhaust gas stream. 

t 
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Process parameters obtained by MRI during the emission tests 

are presented in Table 1. The raw material feed rate averaged 

about 30 Mglh (33 tons/h) for the duration of the tests. The 

mean coal feed rate in the kiln was approximately 2,090 kglh 

( 4 , 6 1 0  lblh), while the mean natural gas feed rate was approxi- 

mately 31 m3/h (1,090 ft lh). 

673  kg/m3 ( 3 6  to 4 2  lblft ) during the emission tests. 

readings were taken from the beginning to the end of the tests, 

and the figures in Table 1 represent averages for the total test 

duration. 

3 Product density ranged from 5 7 7  to 

The above 3 

The settling chamber and wet scrubber, including the pump 

supplying water to the wet scrubber, were operating normally dur- 

ing the emission tests. The water sprays used to suppress vis- !# 
I ible particulate emissions in the process were operating n- 

c - 
during the emission tests. Fugitive emissions were visible from 

the crushing and screening operations, clinker cooler discharge, 

and kiln seals. I------- 
1 
I 

1 

2.1 PROCESS DESCRIPTION 

The slate is mined from a quarry on plant grounds. The 

slate is crushed, screened, and stored in piles or enclosed 

silos. Belt conveyors transport the crushed slate from the stor- 

age silo to the feed box where it is charged to the rotary kiln. 

L 

I 
i i. 

The No. 1 kiln measures 7.9 meters (m) [190 feet (ft)] in 

length and 3.7 m ( 1 2  ft) in diameter. A dam, which measures 4 6  

centimeters (cm) by 5 cm [18 inches (in.) by 2 in.], is located 

2-3 
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approximately 4.3 cm (14 ft) from the back end (feed end) of the 

kiln. The dam increases the residence time of the raw material 

in the kiln and four sets of lifters improve heat exposure. The 

kiln rotates at approximately 3 . 2 5  revolutions per minute (rpm) 

during normal operation. It is designed to process approximately 

36 megagrams (Mg) (40 tons) of raw material per hour at capacity. 

At the time of the test, approximately 30 Mg (33 tons) of raw 

material per hour were processed in the kiln. 

feed is weighed continuously on a scale before it enters the 

kiln. There is no continuous monitoring of actual production. 

Production figures [in cubic yards (yd )/day of product] are com- 

puted from application of a bloating factor equal to 1.05 to the 

raw material feed (in tonsiday). The bloating factor is computed 

by the company and is based on experience with material loss in 

the process. Shipping yardage figures are obtained from informa- 

tion on the filled volume of the trucks transporting the finished 

product and the number of trucks filled each day. 

The raw material 

3 

The kiln is fueled primarily by crushed coal. Although the 

raw material feed rate is kept constant during normal operation, 

minor adjustments to the coal feed rate are made frequently to 

control the operating temperature of the kiln. Galite uses coal 

with an average heating volume of 2.9 x lo7 Joules (J) per kg 

[12,500 British thermal units per pound (Btu/lb) I ,  an ash coktent 

of approximately 1 2  percent, and a sulfur content of approxi-, 

mately 1 percent. 

2.4 x 10 J/kg (1,030 Btu/ft ) is used primarily to fuel the 

pilot flame. 

Natural gas with an average heating value of 
6 3 
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The firing zone (front end) extends about 9 m (30 ft) into 

the kiln, and temperatures in this zone range from 1149' to 

1177OC (2100O to 215OCF). Mid-kiln temperatures range from 982' 

to 1038OC (1800° to 1900°F). Temperatures in the feed end (back 

end) of the kiln range from 371O to 454OC (700° to 850°F) and are 

monitored continuously. Plant personnel stated that the shutdown 

period for the kiln is 48 hours. Bringing the kiln back up to 

operating temperature takes 36 to 4 8  hours. Natural gas is the 

primary fuel used for the reheating process. 

The raw material slowly heats up as it travels through the 

kiln and physically expands (bloats) as volatile organic compo- 

nents are driven off. The residence time of the raw material in 

the kiln is approximately 4 5  minutes. Density of the product is 

measured hourly by plant personnel who weigh a bucket of known 

volume filled with the hot product. 

The expanded product, or clinker, is discharged from the 

kiln into a clinker cooler. The clinker cooler consists of four 

compartments with a reciprocating grate for the circulation of 

air through the hot clinker. As the hot clinker is moved across 

the grate, four fans force air upward through the grate to cool 

the clinker. Approximately 100 percent of the hot exhaust air 

from the first compartment and 5 0  percent from the second com- 

parfiment is recycled to the kiln to conserve combustion heat and 

to the coal mill to dry and preheat the coal. The gas stream 

\ 

I 
I 
I 

recycled to the coal mill passes through a cyclone for dust re- 

moval prior to heating the coal. The remaining exhaust air from 

2-6 
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the clinker cooler is ducted through a settling chamber and is 

released to the atmosphere through a stack. 

Product of acceptable size falls through the reciprocating 

grate onto a conveyor belt for transport to the clinker silo for 

storage prior to crushing. Oversize material falls from the 

grate onto the ground where it is periodically picked up by a 

front end loader and transported to a storage pile for supple- 

mental cooling and crushing. If the density or the temperature 

of the product is too high for the conveyor belt system, the 

doors to the conveyor belt are temporarily closed, and the pro- 

duct falls from the grate onto the ground. 

The product is crushed and screened to three sizes: (1) 100 

mesh to 4 . 8  millimeter (mm) (100 mesh to 3/16 in.), ( 2 )  4.8 to 

9 .5  mm (3/16 t o  3 / 8  in.), and ( 3 )  9.5 to 1 9  mm ( 3 / 8  to 3 / 4  in.). 

The fines and the mid-size product are used mainly for concrete 

blocks while the larger size is used principally for structural 

concrete mix. Blends of product sizes are made to consumer 

specification. The screened product is stored in enclosed silos. 

Galite normally ships approximately 80 percent of its product by 

truck and 2 0  percent by rail. The company employs 50 workers and 

operates 365 days per year, 2 4  hours per day. Galite aims for 

actual kiln operation of approximately 80 to 90 percent of 

working days. * 
I 

2.2 AIR POLLUTION CONTROL SYSTEK 

The exhaust gases leaving the No. 1 rotary kiln pass through 

a settling chamber to remove the heavier particulate matter. The 

2 -7 



waste material is landfilled on-site. The kiln exhaust emissions 

are controlled by a medium energy wet scrubber [Fuller/Dracco 

Type CAA (Compressed Air Atomizing Scrubber), Size 125-51. A 

336-kilowatt (kW) [450 horsepower (hp) 1 induced draft (ID) fan, 

located between the scrubber and the stack, pulls the exhaust gas 

stream from the kiln through the scrubber. The cleaned gas 

stream is vented to the atmosphere through a stack approximately 

27 m (90 ft) high and 1.8 m (6 ft) in diameter. 

Fresh water for the scrubber is pumped from a creek adjacent 

to the plant into a storage tank. The water is transferred from 

the storage tank to the scrubber by a 20-hp pump with a capacity 

of approximately 3,407 liters per minute (liter/min) (900 gallons 

per minute (gprn)]. 

the plant. Plant personnel estimate that water enters the scrub- 

ber at a rate of about 400 to 450  gpm. The dirty gas flowing 

downward through the contact cylinder of the scrubber is con- 

tacted countercurrently by a high velocity atomized water spray 

This pump also supplies water to the rest of 

introducted near the base of the scrubber. Water is also intro- 

duced throush two sprav bars at the top of the scrubber and one 

at the gas inlet to the scrubber. Dust particles are captured by 
/- b 
the liquid droplets and accumulate at the scrubber base. A mist 

eliminator is present in the scrubber and was assumed by plant 

personnel to be operating during thp tests. The scrubber efflu- 

ent is pumped to a settling pond at the quarry end of the plant. 

The water is pumped from the pond and is discharged to the creek. 

-a 

Iz 

_c 
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The discharge point is located close to the inlet water pipe for 

the scrubber water, and therefore, some mixing of fresh creek 

water and recycled plant water occurs. 

that the influent scrubber water is typically 90 percent fresh 

water. No instrumentation is present at the plant to measure the 

scrubber pressure drop, inlet and outlet gas flow rates and tem- 

peratures, or inlet and outlet liquid flow rates. 

Plant personnel estimate 

The clinker cooler emissions from the No. 1 kiln process 

line are controlled by a baffled settling chamber. The collected 

dust is discharged to the conveyor where it is combined with the 

product. The clinker ccoling air is pulled through the settling 

chamber by a 45-kW (60-hp) fan and is exhausted through a stack 

approximately 1.2 m ( 4  ft) in diameter and 1 2 . 2  m (40 ft) high. 

No instrumentation is available to measure the inlet and outlet 

gas flow rates and the temperatures across the chamber. 

Water sprays are used to suppress visible particulate emis- 

sions from the crushing and screening operations and other mate- ---''--. .." .,-- -...._- =..*>-:.=__ 

rial handling and transfer points. The flow rates for the water 

sprays are not available. 
7- .--:.__ e-.-l...j.>:.T.- 

, ~ , .. . .  .~ ... . 

_I_ - 

2 . 3  CONCLUSIONS AND RECOMMENDATIONS 

The process and control systems operated normally for the 

duration of the tests. The production rate during ,the test was 

kept constant at about 83 percent of the kiln design capacity. 

~ ~~~ ~~~~ 
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SECTION 3 

SUMNARY OF RESULTS 

This section details the results of the emission sampling 

program. All emission samples and plume observation data were 

collected simultaneously from the kiln and clinker cooler sources. 

Results are reported separately for each source. 

The first set of particulate tests at the kiln exhaust 

scrubber were voided due to an excessive post-test leak and loss 

of sample during the recovery phase. These data are not included 

in this report. 

Appendix A contains complete printouts of field data, 

results tabulation, and example calculations. Appendices B and C 

present field and laboratory data sheets. Appendix D details the 

sampling and analytical procedures used during this test program. 

Appendix E shows equipment calibration procedures and results. 

Appendix F addresses the quality assurance considerations perti- 

nent to this test project. 

3.1 ROTARY KILN EXHAUST 

Particulate and particle size tests were simultaneously , 
I 

conducted at the scrubber inlet and outlet test locations. 

Visible emission observations were performed during the particu- 

late testing. Tests for sulfur dioxide were also conducted 
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simultaneously at the scrubber inlet and outlet test locations, 

and tests for NOx and VOC content in the scrubber exhaust gas 

were performed concurrent with the SO2 tests. 

Particulate sampling and analytical procedures followed 

those described in EPA Method 5 of the Federal Register* except 

that an ether-chloroform extraction was performed on the impinger 

contents to determine condensible organic and inorganic fractions. 

At the scrubber inlet, an instack thimble was placed prior to the 

Method 5 filter because of the heavy particulate loading. The 

particle size sampling and analytical procedures used at the 

scrubber and clinker cooler exhaust test locations followed those 

described in the “Procedures Manual for Inhalable Particulate 

Sampler Operation,” which was recently developed for EPA by 

Southern Research Institute (SRI) . At the scrubber inlet, 

particle size distribution was determined by a Bacho centrifugal 

analysis of collected samples from the particulate tests. 

Analytical procedures followed those described in ASME Power Test 

Code 28-1965. 

followed those described in EPA Method 6* except that large 

impingers were used instead of the midget impingers specified in 

Method 6. 

those described in EPA Method 7 . *  Visible and fugitive emission 

observations were conducted using procedures described in EPA 

Method 9* of the Federal Register. EPA Method 25* was used in 

Sampling and analytical procedures for SO2 

Sampling and analytical procedures for NOx followed 

I 

determining the VOC content of the exhaust stream. 

* 
40 CFR 60, Appendix A, Methods 5, 6, 7, 9, and 25, July 1, 1981. 
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3.1.1 Flue Gas Conditions and Particulate Emissions 

Tables 3-1 and 3-2 summarize the flue gas conditions and 

particulate emissions data collected at the scrubber inlet and 

outlet test locations. Since particulate emissions are expressed 

in pounds per hour and kilograms per hour, volumetric flow rates 

are also expressed in actual cubic meters per hour (acmh) and 

actual cubic feet per hour (acfh) at stack conditions. Flow 

rates corrected to standard conditions [2OoC and 760 mmHg (68'F 

and 2 9 . 9 2  in.Hg) and zero percent moisture] are expressed as dry 

standard cubic meters per hour (dscmh) and dry standard cubic 

feet per hour (dscfh). Particulate concentrations are reported 

in milligrams per dry standard cubic meter (mg/dscm) and grains 

per dry standard cubic foot (gr/dscf). Emission rates are 

expressed in kilograms per hour (kg/h) and pounds per hour 

(lb/h). The product of the concentration and the volumetric flow 

rate is the mass emission rate. The filterable particulate 

fraction represents material collected in the sample probe and on 

the filter, both of which were heated to approximately 121'C 

(25OOF) .  The condensible organic and inorganic fractions repre- 

sent material that condensed out or was trapped in the impinger 

section of the sampling train at a temperature of approximately 

20°C (68 'F)  or less. 

At the scrubber inlet, She volumetric flow rate averaged 

4 1 , 9 0 0  dscmh ( 1 , 4 7 9 , 5 0 0  dscfh), the temperature averaged 4 7 5 ° C  

(887'F), and the moisture content averaged 6 . 4  percent. Oxygen 

and carbon dioxide contents averaged 13.5 and 6.6 percent, 

3-3 
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respectively. The filterable particulate concentration averaged 

39,835 mg/dscm (17.4 gr/dscf), and the corresponding mass emis- 

sion rate averaged 1676 kg/h (3695 lb/h). The condensible 

organic and inorganic concentrations averaged 17.1 mg/dscm 

(0.0075 gr/dscf) and 31.9 mg/dscm (0.0139 gr/dscf), respectively. 

The corresponding mass emission rates averaged 0.71 kg/h (1.6 

lb/h) and 1.3 kg/h (2.9 lb/h) for each fraction. 

At the scrubber outlet, the volumetric flow rate averaged 

84,000 dscmh (2,965,000 dscfh), the temperature averaged 52OC 

(126"F), and the moisture content averaged 13.6 percent. Oxygen 

and carbon dioxide contents averaged 16.2 and 4.1 percent, 

respectively. Because the gas stream was saturated and contained 

water droplets, two moisture determinations were made: the first 

involved calculations based on the water collected in the sam- 

pling trains, and the second involved psychrometric calculations. 

In each case, the lower value (saturation at stack temperature) 

was used as the correct moisture content in all calculations, as 

determined by EPA Method 4.* 

Filterable particulate concentration averaged 644 mg/dscm 

(0.281 gr/dscf), and the corresponding mass emission rate aver- 

aged 5 4  kg/h (119 lb/h). The condensible organic and inorganic 

concentrations averaged 4.3 mg/dscm (0.0019 gr/dscf) and 17 

mg/dsCm (0.0074 grldscf), respectively. 

mass emission rates averaged 0.40 kg/h (0.80 lb/h) and 1.4 kg/h 

(3.1 lb/h). 

Organic and inorganic 

n 
40 CFR 60, Appendix A, Reference Method 4, July 1, 1981. 
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Measurements were made to determine the degree of turbulent 

flow at each test location as detailed in Method 2 of the Federal 

Register.* Select traverse points were checked by aligning the 

face openings of the pitot tube perpendicular to the stack 

cross-sectional plane, designated "0 degree reference." Null 

(zero) pitot readings obtained at 0 degree reference indicates an 

acceptable flow condition at a given point. A pitot tube angular 

notation of - +10 degrees to achieve a null reading is considered 

acceptable. Data from the clinker cooler and scrubber inlet test 

locations indicated acceptable flow conditions for particulate 

testing. At the scrubber outlet test location, the degree of 

angular rotation ranged from 0 to 25 degrees with an overall 

average of approximately 13 degrees. Typical velocity profiles 

from this source are presented in Figure 3-1 (east traverse) and 

Figure 3-2 (north traverse). Turbulent flow conditions of this 

type would tend to bias the velocity measurements high, thus 

introducing a positive bias in the calculated pollutant mass 

emission rates from this source. This conclusion is substanti- 

ated by a comparison of scrubber inlet and outlet flow rates on a 

standard basis and corrected for air inleakage (including the 

cold air bleedin). The measured.scrubber outlet flows averaged 

approximately 20 percent higher than the corrected inlet flow 

rates. t 
One other source condition that should be addressed is the 

et gas stream effect of scrubber water reentrainment. The out 

* 
4 0  CFR 6 0 ,  Appendix A ,  Reference Method 2 ,  July 
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was saturated as previously mentioned and a heavy plume water 

fallout was observed throughout the test period. This fallout 

resulted in heavy spotting of clothes and sample equipment. The 

average ratio of probe catch to filter catch was 1227 mg to 126 

mg. The entrained water droplets laden with particulate matter 

were collected in the sample probe, subsequently dried by the 

probe heat, and recovered and measured as filterable particulate. 

3.1.2 Particle Size Distribution 

Three samples were collected at the scrubber inlet and eight 

samples at the outlet test sites. Data obtained from the partic- 

ulate test runs were combined with sampling data to obtain 

average flow rates, moisture content, and gas composition. 

At the scrubber inlet, particle size distribution was 

determined by a Bacho centrifugal analysis of collected samples 

from the particulate tests. The Bacho analyzer utilizes the 

centrifugal separation technique to segregate the particulate 

into eight different size ranges. Figure 3-3 presents the 

average distribution curve for the three samples collected at the 

scrubber inlet. Individual data points for each test were 

plotted manually. The results of the average distribution curve 

show that the size of the particulate emissions was fairly 

consistent during the three sampling runs. The data point 

qistribution for these runs indicates that 50 percent of the 

particulate by weight was less than 13.5 pm in diameter. 

3-10 



I 
I 
I 
I 
I 
I- \ 

1- 
1 
I 

I 
I, 
L 

w 
W 

E 
- 
.r 

L 
W 
D 
D 
L u 
VI 

a 

I 

s i  
321s 031V310N1 NVdl  5 5 3 1  1ff l13R AS lN3lL13d 

I 

0 
I 
0 

W 
L 

01 
a .- 

L L  

3-11 

._- 

I 



I' 
I 
I- 
I- 
I 

I- 
1 
I 
I 
I 
I 
I 
L 

1:. 

An Andersen cascade impactor was used to collect eight 

particle size samples at the scrubber outlet test site. Sample 

NOS. SOPS-3, 7, and 9 were considered nonrepresentative due to an 

overloading of individual impactor stages; therefore, they are 

not graphically presented. 

Sampling and analytical prcedures followed those described 

in the "Procedures Manual for Inhalable Particulate Sampler 

Operation," which was developed by Southern Research Institute 

for EPA. Individual and average particle distribution curves 

were determined by use of a computer program detailed in the 

CIDRS Manual. Each specific program is briefly described here. 

The CIDRS Manual can provide details if described. 

MPPROG - The basic program calculated stage D cut-points 
and cumulative distributions by two slightly Aif ferent 
methods for each sampling run. The table of output, which 
was calcu3ated by Lung Dynamics, assumed a particle density 
of 1 g/cm , calculated specific Cunningham correction 
factors, and yielded aerodynamic diameters. The next table, 
identified as Mercer, assumed both a unit particle density 
and a unit Cunningham factor to yield aerodynamic impaction 
diameters. Results in both tables were determined by 
reducing data according to the D method, which assumed a 
stage collection efficiency of 53 percent, as -opposed to the 
Picknett method, which required stage efficiency curves. 
All particle size results discussed in this report were 
based on aerodynamic diameters unless stated otherwise. 
Example calculations and additional data were included in 
the output. 

SPLIN 1 - For each sample run, a best-fit curve was calcu- 
lated for size ranges, including real data, and extrapolated 
to the maximum particle diameter selected. Coefficients 
were stored for later use. T is program has no tabular 
output. 9 '  

I 
3-12 
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STATIS - This program averaged the curves calculated in 
SPLIN 1 for a minimum of three sampling runs, removed 
outliers according to the upper 5 percent significance level 
procedure in the QA Handbook,* and calculated results for 
cumulative and differential distributions with 50 percent 
confidence intervals. All output was tabular, and curves 
were manually plotted with extrapolated portions indicated 
by dash lines. Averages for less than three runs were 
calculated through duplication of data sets, but confidence 
intervals were invalid. 

Figure 3-4 presents the average particle size distribution 

curve for the five acceptable samples collected at the scrubber 

outlet. Figures 3-5 through 3-9 present the individual particle 

size distribution curves for each of the five sampling runs. All 

particle size results are based on aerodynamic diameters and unit 

density (1 g/cm 1 .  3 

The results of the particle size runs show that the majority 

of particulate was collected in the precutter of the impactor and 

accounted for about 60 percent of the total filterable particu- 

late emissions. The majority of the remaining particulate 

collected in the impactor was between 0.4 and 2.5 urn, which 

accounted for about 20 percent of the total filterable particu- 

late collected by the impactor. 

3.1.3 Sulfur Dioxide 

Table 3-3 presents a summary of results for SO2 tests 

conducted simultaneously before and after the wet scrubber. 

Concentrations are reported in parts per million by volume (ppm), 

milligrams per dry standard cubic meter (mg/dscm), and pounds per 

dry standard cubic foot (lb/dscf). Mass emission rates are 

reported in kilograms per hour and pounds per hour. The inlet 

\ 

a. 
Quality Assurance Handbook, Volume 111, EPA 600/4-77-027b, 
August 1977. 
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Run 
No. 

Date l2 
(1982) m m  

SOS-1 2/26 839 2,213 13.8 185.3 408.5 
SOS-2 2/26 940 2,469 15.4 207.5 457.4 

Average 890 2,341 14.6 196.4 433.0 

16.0 53 127 
16.0 52 124 

16.0 53 126 

957 2,517 
879 2,309 

918 2,413 

830 2,180 
840 2,213 

15.7 211.2 4E5.6 15.2 
14.4 194.1 428.0 15.8 

15.1 202.6 4475.8 15.5 

13.6 183.3 404.0 15.8 
13.8 185.5 408.9 15 .8  

Average 835 2,197 13.7 184.4 406.4 15.8 50 122 

TABLE 3-3, SUMMARY OF SULFUR DIOXIDE DATA 

Scrubber in1 e ta  
icent ra t  ion 

02 9 

% 
TTpe;at!y I rate 

1 b/h 
-1 1 

13.0 
13.0 

51 9 
530 

968 
988 

SIS-1 2/26 1,862 
SIS-2 I 2/26 12,314 

4,906 30.6 205;2 
6,093 I 38.0 I 255.0 

452.3 
562.1 

Average 12,088 5,500 I 34.3 I 230.1 
I I 

13.0 

11.8 
11.6 

11.7 

- 

- 

525 

524 
51 1 

51 8 

- 

- 

978 

977 
954 

966 

- 

- 

507.2 

SIS-3 2/26 2,342 
SIS-4 1 2/27 12,135 

6,173 38.5 258.1 
5,628 I 35.1 I 235.2 

568.. 9 
518.5 

Average 12,239 5,901 1 36.8 1 246.6 543..7 

SIS-5 1 2/27 12,095 
SIS-6 2/27 2,052 

5,515 34.4 230.8 
5,403 I 33.7 I 226.1 

508.9 
498.5 

11.6 
11.6 

52 5 
527 

979 
981 

Averaqe 12,074 5,459 I 34.1 1 228.4 503.7 11.6 526 I 980 

51 
49 

123 
121 SOS-4 

Average 

SOS- 6 

50 122 

49 
50 

121 
122 
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mass emission rates were calculated from the measured concentra- 

tions and the average flow rate measured during the inlet partic- 

ulate test run (1,479,534 dscfh). The outlet mass emission rates 

were calculated in a similar manner using the average measured 

flow rate from the outlet particulate tests (2,964,856 dscfh). 

Analyses were conducted on site by EPA Method 6.* 

Sulfur dioxide concentrations at the inlet to the wet 

scrubber averaged 5620 mg/dscm (2133 ppm, 35.1 x lb/dscf), 

and the corresponding average mass emission rate was 235 kg/h 

(518 lblh). Flue gas temperature averaged 523OC (975OF1, and 

oxygen content averaged 12.1 percent. 

Sulfur dioxide concentrations at the scrubber exit stack 

averaged 2317 mgldscm (881 ppm, 14.5 x lbldscf), and the 

corresponding average mass emission rate was 194.5 kg/h (429 

lb/h). Flue gas temperature averaged 51°C (123"F), and oxygen 

content averaged 15.8 percent. 

3.1.4 Nitrogen Oxides 

Table 3-4 summarizes data on emissions of nitrogen oxides. 

Three tests, each consisting of four grab samples collected at 

15-minute intervals, were conducted at the kiln exhaust scrubber 

outlet. Concentrations are reported in milligrams per dry 

standard cubic meter, parts per million by volume, and pounds per 

dry standard cubic foot. Emission rabes, reported in kilograms 

per hour and pounds per hour, were calculated from the average 
I 

flue gas flow rate measured during the particulate test runs and 

corrected to standard conditions (2,964,856 dscfh). 

* 
40 CFR 60, Appendix A, Reference Method 6, July 1, 1981. 
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TABLE 3-4. SUMMARY OF NITROGEN O X I D E  E M I S S I O N S  DATA 
SCRUBBER OUTLETa 

21 8 

207 
206 
300 
2 01 

205 

Run 
No. 

41 7 0.2602 35.0 77.2 

396 0.2472 33.2 73.3 
394 0.2455 33.0 72.8 
575 0.3586 48.2 106.3 
386 0.2405 32.3 71.3 

392 0.2444 36.7 72.5 

I 
Average 

21 5 
198 
192 

Average 

41 1 0.2566 34.5 76.1 
380 0.2370 31 . O  70.3 
367 0.2288 30.8 67.8 

I 
Average 202 

Sampl e 
No. 

386 0.2408 32.4 71.4 

SON-1A 
SON-1 B 
SON-1 C 
SON-1 0 

SON-2A 
SON-2Bb 
SON-2C 
SON-20 

SON-3Ab 
SON-3B 
SON-3C 
SON-3D 

Concent ra t ion  Mass 

363 I 0.2262 I 33::; I 67.1 
244 189 I 468 0.2920 86.6 

0.2488 33.5 73.8 
229 I i;z I 0.2739 I 36.8 I 01.2 

154 I 295 I 0.1840 I 24.7 I 54.5 

Mass emission r a t e s  a r e  based on t h e  average s tack  gas f l o w  r a t e  determined 
d u r i n g  t h e  scrubber o u t l e t  p a r t i c u l a t e  t e s t s  (83,956 dscmh and 2,964,856 
dsc fh ) .  

a 

b O u t l i e r  n o t  used i n  average. 
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Nitrogen oxide concentrations averaged 398 mg/dscm (208 ppm, 

0.248 x lb/dscf) , and the corresponding mass emission rate 
was 34.7 kg/h (73.7 lb/h). 

3.1.5 Hydrocarbon Emissions From the Kiln Scrubber Outlet 

Hydrocarbon emissions from the scrubber outlet at Kiln No. 1 

were sampled by use of the procedures of EPA Method 25* in order 

to determine total gaseous nonmethane organics (TGNMO). Four 

1-hour samples were collected at the scrubber outlet. Test No. 

SO-VC-1 was voided due to a plug in the sampling probe. Results 

of the Method 25 sampling are presented in Table 3-5. In the 

Method 25 analytical procedures, all nonmethane organics are 

oxidized to carbon dioxide and reduced to methane before measure- 

ment with a flame ionization detector (FID). Therefore, organic 

concentrations are expressed in ppm as methane and emission rates 

were calculated based on the molecular weight of methane (16 

g/g-mole). 

The nonmethane organic concentration in the outlet stack 

varied from 60 to 141 ppm with an average value of 90 ppm as 

methane. The average emission rate of nonmethane organic com- 

pounds was 5.4 kg/h (11.1 lb/h) as methane. 

3.1.6 Visible Emissions 

Each particulate test included a survey of visible emissions 

i , at the kiln scrubber outlet. Visible emissions were read in 
1 

6-minute sets throughout each particulate test. Table 3-6 

summarizes the findings. For each test, opacities ranged from 0 

to 5 percent. 
r\ 

x 
40 CFR 60, Appendix A, Reference Method 25, July 1, 1980. 
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TABLE 3-5. HYDROCARBON EMISSIONS FROM SCRUBBER OUTLET - 

S O - V C - I C  

SO-VC-2 

SO-VC-3 

SO-VC-4 

Date 
Test No. l (1982)  

2/26 

2/26 

2/26 

2/27 

- 
1032 

1127 

900 

Average 

- - - - 
1120 60 3.6 7.4 

1215 141 8.5 17.4 

1010 68 4.1 8.4 

Sampl i n g  N M O ~  
t ime, 24-h concen t ra t i on  

ppm as CH4 

90 5.4 11.1 

NMO = Nonmethane o rgan ics  measured and expressed as methane (CH4). 

emission r a t e s  a re  c a l c u l a t e d  u s i n g  t h e  average gas f l o w  r a t e  measured d u r i n g  
t h e  p a r t i c u l a t e  t e s t s  (2,964,856 dsc fh ) .  

.a  

bBased on t h e  molecu la r  weight  o f  methane, 16 g/g-mole (16 l b / l b -mo le ) .  Mass 

cSO-VC- l  vo ided due t o  p l u g  i n  sampl ing probe. 
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3.2 CLINKER COOLER EXHAUST 

Particulate emissions and particle size distribution tests 

were performed at the clinker cooler exhaust stack. Visible 

emissions were observed at the outlet stack during each particu- 

late test. 

Particulate sampling and analytical procedures followed EPA 

Method 5 * ,  except that an ether-chloroform extraction was per- 

formed on the impinger contents to determine condensible organic 

and inorganic content. Particle size sampling and analytical 

procedures followed those described in the "Procedures Manual for 

Inhalable Particulate Sampler Operation," which was recently 

developed for EPA by Southern Research Institute. Visible 

emission observations were made according to procedures described 

in EPA Method 9.* Concentration and mass emission rate data are 

expressed in units identical to those used in Section 3.1 of this 

report. 

3.2 .1  Flue Gas Conditions and Particulate Emissions 

Summaries of the measured flue gas and particulate emission 

data from the clinker cooler exhaust are presented in Tables 3-7 

and 3-8. 

The filterable particulate data reported in Table 3-8 

represent matter collected in the sampling probe and on the 

filter, both of which were heated to approximately 131OC ( 2 5 0 ' F ) .  

The condensible organic and inorganic fractions represent 
\ 

* 
40  CFR 60, Appendix A, Reference Methods 5 and 9 ,  July 1, 1981. 
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material that condensed out or was trapped in the impinger 

section of the sampling train at a temperature of approximately 

20°C (68'F). 

The volumetric flow rate averaged 50,500 dscmh (1,783,000 

dscfh), the temperature averaged 69OC (156OF), and the moisture 

content averaged less than 1 percent. The oxygen and carbon 

dioxide contents averaged 20.5 and 0 percent, respectively. 

Filterable particulate concentration averaged 128.5 mg/dscm 

(0.056 gr/dscf) with a corresponding average mass emission rate 

of 6.4 kg/h (14.1 lb/h). The organic and inorganic concentra- 

tions averaged 2.34 mg/dscm (0.0010 gr/dscf) and 3.92 mg/dscn 

(0.0017 gr/dscf), and the corresponding mass emission rates 

averaged 0.12 kg/h (0.26 lb/h) and 0.19 kg/h (0.42 lb/h). 

3.2.2 Particle Size Distribution 

A total of eight particle size samples were collected from 

the clinker cooler outlet during the particulate test runs. An 

Andersen cascade impactor was used for these tests. Section 

3.1.2 describes the sampling and analytical procedures and the 

data reduction.techniques used, respectively. Run Nos. CCPS-2, 

3, and 6 were considered nonrepresentative and are not graphi- 

cally presented. 

Figure 3-10 presents the average particle size distribution 

curve f o r  the five acceptabte runs conducted at the clinker 

cooler outlet test site. Figures 3-11 through 3-15 present the 

individual particle size distribution curves for each of the five 
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sampling runs. All particle size results are based on aerody- 

namics diameters and unit density (1 g/cc). 

The average particle size distribution for this source shows 

that the particulate emissions are fairly evenly distributed by 

size and that about 44 percent of the particles are less than 10 

pm in diameter. The individual particle size distribution curves 

compared closely, and the maximum deviation between the five runs 

at two separate cutpoints were 4 percent at 6 um and 4 . 5  percent 

at 1 urn. This indicates that the size of the particulate emis- 

sions were fairly consistent during the testing period. 

3.2.3 Clinker Cooler Visible Emissions 

Visible emissions were surveyed at the clinker cooler outlet 

during each particulate test. Visible emissions were read in 

6-minute sets throughout each test. Table 3-9 summarizes the 

visible emissions data. 

3.3 FUGITIVE EMISSIONS 

Fugitive emissions were surveyed during each particulate 

test using procedures described in EPA Method 9.* Separate 

surveys were performed at the following locations: raw material 

crushing, final product crushing and screening, and kiln seals 

(charge and product). Table 3-10 summarizes the results of the 

fugitive emission survey. 

3.4 PROCESS SAMPLES 

Representative samples of the kiln feed material (slate) and 

coal used to fire the kiln were collected during each particulate 

n 
40 CFR 60, Appendix A, Reference Method 9, July 1, 1981. 
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E 
I 
I 
I \ 

1, Raw mater ia l  crusher 

Final product screen 

Finish material crusher  

c 
I 

RC-1-1 1350-1 355 15.0 10-20 
RC-1-2 1356-1401 17.1 15-20 
RC-1-3 1401-1407 21.5 15-30 

FP-1-1 121 9-1 224 0.8 0-5 
FP-1-2 1453-1458 0 0 
FP-1-3 1459-1 504 0 0 

FC-1-1 121 6-1 221 0 0 
FC-1-2 1 4 54 - 1 4 59 0 0 
FC-1-3 1500-1 505 0 0 
FC-1-4 1506-1 51 1 0 0 

b 
i 

KI-1-1 
KI-1-2 
KI-1-3 
KI-1-4 

TABLE 3-10. SUMMARY OF VISIBLE EMISSIONS OATA FOR TEST 1 (2/23/82) 
FUGITIVE SOURCES 

1234-1 239 7.9 5-20 
1240-1 245 6.3 5-1 0 
1246-1 251 6.7 5-1 0 
1535-1 540 6.3 5-1 0 

Source 

South k i l n  seal KSS-1-1 1256-1 301 0 0 
KSS-1-2 1302-1 307 0 0 
KSS-1-3 1308-1 31 3 0 0 

K i l n  in le t  

KSN-1-1 
KSN-1-2 
KSN-1-3 

1320-1 325 0 
1326-1 331 0 
1332-1 337 0 

North k i l n  seal  

(continued) 

0 
0 
0 

, 
t 
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I 
fl 
I 
I 
11 

1410-1415 
141 6-1421 
1540-1 545 

1 i 

C 
I 9.0 

9 . 5  
8.1 

1 i 

I 
I 
I 

1429-1434 
1435-1440 
1552-1 557 

I 
i 

0 
0 
0 

TABLE 3-10 (continued) 

1 449- 1454 
1455-1 500 
1605-1610 

SUMMARY OF VISIBLE EMISSIONS DATA FOR TEST 2 (2/24/82) 
FllGlTlVE SOURCES 

0 
0 
0 

Source 

Raw material  crusher  

Final product screen 

F i n i s h  mater ia l  crusher 

Kiln i n l e t  

South k i ln  seal 

North ki ln  seal 

( c o n t i n u e d )  

Average 
S e t  No. Time % opaci ty  Range 

RC-2-1 151 1-1 516 25-35 
RC-2-2 1 51 7-1 522 30.4 25-35 

Process down 

Process down 

KI-2-1 
KI-2-2 
KI-2-3 

KSS- 2- 1 
KSS-2-2 
KSS-2-3 

KSN-2-1 
KSN-2-2 
KSN- 2 - 3 

5-10 
5-10 
5-1 0 

0 
0 
0 

0 
0 
0 

I 3-40 



TABLE 3-10 (cont inued)  

Source 

Raw m a t e r i a l  c rusher  

, 

Average 
Set No. Time % o p a c i t y  Range 

RC-3-1 0942-0947 20.4 20-25 
RC-3-2 0948-0953 20.4 20-25 

i 

F i n i s h  m a t e r i a l  c rusher  

SUMMARY OF VISIBLE EMISSIONS DATA FOR TEST 3 (2/25/82) 
FUGITIVE SOURCES 

091 4-091 9 
1112-1 117 

FC-3-1 
FC-3-2 
FC-3-3 

F ina l  product  screen FP-3-1 I 0925-0930 I 5 
FP-3-2 0931 -0936 5 

K i l n  i n l e t  KI-3-1 I 1053-1058 1 10 
KI-3-2 1059-1 104 10 I 1: 

South k i l n  seal  I KSS-3-1 I 1026-1031 1 0 
KSS-3-2 1032-1 037 0 I :  

~~~~~ 

1003-1008 
1009-1014 

Nor th  k i l n  seal 

(cont inued)  

I O  
I o  
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I 
Raw mater ia l  crusher 

I I 

RC-4-1 1432-1437 18.1 10-35 

I 
1 

1 
1 
I 
4 
I 
I 

4 1 

i 

I 

F i n i s h  mater ia l  crusher 

I 

FC-4-1 1306-1 31 1 0 0 
FC-4-2 131 2-1 31 7 0 0 

TABLE 3-10 (continued) 

North k i l n  seal 

SUMMARY OF VISIBLE EMISSIONS DATA FOR TEST 4 (2/25/82) 
FUGITIVE SOURCES 

KSN-4-1 1408-1413 0 0 
KSN-4-2 1414-1 41 9 0 0 

Source 

Final product screen I FP-4-1 I 1322-1327 I 5.2 1 5-10 
FP-4-2 1328-1 333 10.6 5-1 5 

Kiln in le t  I KI-4-1 I 1249-1254 1 8.1 5-10 
KI-4-2 1255-1 300 8.8 I 5-10 

South k i l n  seal 0 
0 O I o  

KSS-4-1 I 1344-1349 1 
KSS -4 - 2 1350-1355 
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test for determination of sulfur content, moisture, density, and 

ash content (coal only). Samples of scrubber water influent and 

effluent and final aggregate product were also collected during 

each particulate test for sulfur analysis. In addition, the 

scrubber water samples and captured particulate (clinker cooler) 

were analyzed for trace metal content. The pH of the scrubber 

water and the density of the final aggregate product were also 

determined. Table 3-11 summarizes the analytical data. 

The analytical data on the raw slate showed an average 

sulfur content of 0.69 percent, an average moisture content of 

1.04 percent, and an average density of 2.73 g/cm . The sulfur 

content of the final product averaged 0.37 percent with an 
3 average density of 2.61 g/cm . The coal data showed on average 

sulfur content of 1.47 percent and an average ash content of 

14.26 percent. Moisture content averaged 5.2 percent. The 

average sulfate concentration of the scrubber influent and 

effluent was 27 and 990 mg/liter, respectively. Composite 

samples of scrubber influent showed a pH of 7.0, and the effluent 

showed a pH of 5.69. Table 3-12 summarizes trace metal data from 

the scrubber effluent and captured particulate samples from the 

clinker cooler settling chamber. 

3 
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I 

~ l e m e n t s ~  

A1 
Sb 
As 
Ba 
Be 
B i  
8 
Cd 
Ca 
C r  
co 
cu 
Au 
In 
Fe 
Pb 
L i  
M9 
Mn 
H9 
Mo 
N i  
P 
P t  
K 
Se 
S i  
A9 
Na 
S r  
S 
Te 
T1 
Sm 
T i  
U 
V 
W 
Y 
Zn 

TABLE 3-12. SUMMARY 01 

8.1 
<7.1 
26 
680 

<0.13 
<13 
C 2 . 2  

3.7 
5.7 
78 
20 
36 

<7.5 
<13 
4.6 
100 
64 
1.8 
520 

<8 
<O. 49 
40 
270 

<7.5 
3.0 

<20 
26 

<O. 49 
1 .o 
300 
4100 

<25 
<23 
290 
4600 

<15 
160 

<7.5 
21 
150 

j p a r t i c  
Tes t  2 

8.3 
<7.5 

25 
660 

<0.13 
<13 
<2.2 

3.7 
5.3 
79 
19 
34 

<7.5 
<13 
4.5 
120 
62 
1.8 
500 

<8 
<0.5 
42 
270 

<7.5 
3.0 
<20 

28 
<O. 50 

9700 
280 
3400 

<25 
<23 

300 
4500 

<15 
160 

<7.5 
21 
140 

b 3te 
T e s t  3 

7.9 
C7.5 
24 
630 

<0.13 
<13 
C2.2 
3.5 
7.4 
75 
19 
34 

<7.5 
<13 
4.4 
100 
59 
1.7 
620 

<8 
<0.50 
4 1  
270 

<7.5 
2.9 

<20 
28 

<0.49 
9100 
380 
6300 

<25 
<23 

280 
4300 

<15 
160 

C7.5 
22 
130 

'RACE ELEMENT DATA 

9.2 
<O. 032 
<O. 057 
0.11 

<O. 0005 
<0.05 
<o. 009 
<o. 002 

390 
<0.001 

0.02 
<0.001 
<O. 03 
<O. 05 
<0.008 
<O. 084 
0.18 
32 
3.0 

<O. 032 
<o. 002 
0.027 

CO.18 
<0.03 

14 
<O. 084 

13 
<o. 002 
3.9 
1.3 
270 

<0.10 
< O f  09 
<0.12 
<O. 005 
<O. 06 
<O. 003 
~ 0 . 0 3  
<o. 002 
0.076 

13 
<0.032 
<O. 057 
0.13 
<O. 0005 
SO. 05 
<o. 009 
<o. 002 
370 

<0.001 
0.02 

<0.001 
<0.03 
<0.05 
<O. 54 
<O. 084 
0.20 
32 
3.0 
<O. 032 
<o. 002 
0.053 

<0.18 
<O. 03 

15 
<O. 084 

14 
<o. 002 
4.1 
1.3 
250 

<0.10 
<o. 09 
<o. 12 
<O. 005 
<O. 06 
<O. 003 
<O. 03 
<o. 002 
0.22 

Tes t  3 

aElements: 
bFrom c l i n k e r  c o o l e r  s e t t l i n g  chamber. 

Expre'ssed as ppm (pg/g o r  pg /ml )  except where noted. 
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9.6 
<O. 032 
<O. 057 
0.17 
<O. 0005 
<O. 05 
<o. 009 
<0.002 
420 

<o. 002 
0.02 

<0.001 
<O. 03 
<O. 05 
<i).o19 
<O. 084 
0.22 
31 
3.0 

<O .032 
<o. 002 

0.017 
~ 0 . 1 8  
<0.03 

16 
<0:084 

<o. 002 
12 

4.4 
1.5 
280 

CO.10 
<o. 09 
<0.12 
<O .005 
<0.06 
<O. 003 
<O. 03 

1 

! <O .003 
0.075 
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1. 

SECTION 4 

SAMPLING LOCATIONS AND TEST METHODS 

Figure 4-1 presents a simplified process flow sheet depict- 

ing the sampling locations and type of testing conducted at each 

site. 

The following subsections describe the sampling sites for 

particulates, sulfur dioxide, nitrogen oxide, VOC, and particle 

size distribution testing. 

4.1 SCRUBBER INLET 

Particulates, sulfur dioxide, and particle size distribution 

were measured at the inlet to the wet scrubber as shown in Figure 

4-2. Two sampling ports, 90 degrees off-center, were located 2.6 

duct diameters (dd) downstream and 0.6 dd upstream from the 

nearest flow disturbances in the 1.4-m (4.6-ft) I.D. round duct. 

Due to extreme heat and inaccessibility, only one of these ports 

was used. Twenty-four traverse points (each point was sampled 

twice) were used to traverse the cross-sectional area of the duct 

for the particulate tests. Each point was sampled for 2.5 

minutes, which yielded a total test time of 120 minutes. Constant- 

rate sampling techniques were used to sample sulfur dioxide 

emissions by placing the probe tip near the center of the duct. 

I 
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0 
SLATE 

CRUSHER 

CRUSHER 

SETTLING @ POINT CHAMBER CAPTURED - SOLIDS PART ICULATE 

SAMPLE 

FLOU I @  
--e A I  

FL 
Sanple t y p e  

P a r t i c u l a t e  

P a r i i  c u l  a t e  

5% 
P a r t i c l e  s i z e  

NOx 

voc 
F u g i t i v e  d u s t  

Stack o p a c i t y  

Su l fu r .  ash, 
m o i s t u r e  con- 
t e n t  

Dens i ty ,  m o i s t u r  
con ten t .  s u l f u r  

S u l f u r  

Trace meta ls  

v 
STACK 95 

Sample p o i n t  

4.9 

3 

3.4 

3.4.9 

4 

4 

K i l n  seals ,  IO, 
11,12.13 

4.9 

1 

2 

5.6 

5.8 

t 

NO. of samples 

3 

3 

3 

3 

12 grab 

3 

3 

3 

24 
(composi te)  

24 
(composi te  ) 

Composi t e  

Composite 

Method 

EPA 5a 

EPA 17a 

EPA 6 

Impactgr .  Bacho 

EPA 7 

EPA 25 

EPA 9 

(ASTM 28-1965) 

EPA 9 

ASTM 03177. 
03174, 03173. 
02234 

ASTM C29, 
G r a v i m e t r i c  
01757 

01757 

Hass Spectrom- 
e t r y ,  I-Cap. 
Atomic Adsorp- 
t i o n  

'Condensible o r g a n i c  and i n o r g a n i c  f r a c t i o n s  w i l l  be determined by means 

bkner lcan  S o c i e t y  f o r  T e s t i n g  M a t e r i a l s .  
of e t h e r l c h l o r o f o r m  e x t r a c t i o n .  

I 
I 
I 
I 

- Figure 4-1. Sampling plan and process flow sheet for Galite Corporation. 
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I 

TO 1.0. 
FAN - 

GRADE 

TRAVERSE 
P O I N T  NO. 

1 
2 
3 
4 

10 
11 12 

13 
14 15 

16 
17 

22 
23 
24 

- - 
DIS'  
cm 

11.4 
13.3 
16.5 
19.8 
23.9 
27.4 
31.5 
36.3 
41.4 
47.2 
54.4 
65.0 
93.5 
04.4 
11.3 
17.6 
22.7 
27.3 
31.1 
34.9 
38.7 
a2.2 
05.6 
07.3 

- 

- - 

- - 
NCE. 

i n .  

4.5 
5.3 
6.5 
7.8 
9.4 

i 0 . 8  
12.4 
14.3 
16.3 
18.6 
?1.4 
25.6 
36.8 
11.1 
13.8 
16.3 
18.3 
50.1 
51.6 
53.1 
54.6 
56.0 
57.3 
58.0 

- - 

- - 

CROSS-SECTION 

1.4 m (4.6 f t )  1 . D .  
8.9 M (3.5 i n . )  LENGTH NlPPLE 

NOTE: BOTTLM PORT NOT USED DUE TO 
EXTREME HEAT AND INACCESSIBILITY. 

*INCLUDES NIPPLE LENGTH., 
1 

Figure 4-2. Scrubber in le t  sampling loca t ion .  

4-3 



I 
I 
I 
I 
I 
R I 

I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

I 1 

L 

I 

Particle size analyses were run on the samples obtained in the 

thimble during the particulate tests. 

4.2 SCRUBBER OUTLET 

Particulates, sulfur dioxide, nitrogen oxide, particle size 

distribution, and VOC content were measured at the wet scrubber 

outlet, a s  shown in Figure 4-3. Two sampling ports, 90 degrees 

off-center, were located 2.5 dd downstream and 4.0 dd upstream 

from the nearest flow disturbances in the 1.86-111 (6.1-ft) I . D .  

round stack. Forty-eight traverse points, 24 per port, were used 

to traverse the cross-sectional area of the stack for the partic- 

ulate test runs. Each point was sampled for 2.5 minutes, which 

yielded a total test time of 120 minutes. Sulfur dioxide, 

nitrogen oxide, and VOC sampling were conducted by use of con- 

stant-rate sampling techniques that placed the respective probe 

tips near the center of the stack. An Andersen in-stack impactor 

was used to collect particle size samples at single sampling 

points were representative of the average velocity of the stack. 

4.3 CLINKER COOLER EXHAUST 

Particulate concentrations and particle size distribution 

were measured at the clinker cooler exit stack, as shown in 

Figure 4-4. Two sampling ports, 90 degrees off-center, were 

located 3.0 dd downstream and 2.4 dd upstFeam from the nearest 

flow disturbances in the 1.5-m (5.0-ft) I . D .  round stack. 

Forty-eight traverse points, 24 per port, were used to traverse 

the cross-sectional area of the stack for the particu- 

I 

4-4 



I 
I 
I 
I 
I 

TRAVERSE 
POINT NO. 

DISTANCE 
cm I i n .  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
;5 
16 
17 
18 
19 
20 
21 
22 
23 
24 

TO TOP 

12.7 5.0 
16.0 6.3 
20.3 8.0 
24.9 9.0 
29.7 11.7 
34.8 13.7 
40.1 -15.8 
48.8 18.2 
52.8 20.8 
60.7 23.9 
70.1 27.6 
84.1 33.1 

121.9 48.0 
135.9 53.5 
145.3 57.2 
153.1 60.3 
159.8 62.9 
166.1 65.4 
171.5 67.5 
176.5 69.5 
181.4 71.4 
185.7 73.1 
190.0 74.0 
193.8 76.3 

+ 
i 

4.6 m 
(15  f t )  = 2'5 d l  

.. ._. 

FLOU 

GRADE 

SCRUBBER 

FLOY 

CROSS-SECTION 

1.86 (6.1 ft) 1.0. 
10.2 an ( 4  i n . )  LENGTH NIPPLE 

Figure 4-3 .  Scrubber outlet  sampling l o c a t i o n .  
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y o  

t 
FLOU 

I .  

T 3 . 7  m 

(-12 ft) 

t 4.6 m 
(-15 f t )  

v 

CROSS -SECT I ON rJ 0 

1.5 n ( 5  ft) 1.0. 
5.1 cm ( 2  I n . )  
LENGTH N I P P L E  

TRAVERSE 
POINT NO 

10 
11 12 

13 
14 . .  
15 
16 
17 
18 
19 ._ 
20 
21 
22 ~~ 

23 
24 

*INCLUOES N I P P L E  LENGTH. 

N 

= 2.4 dd 

= 3 dd 

1 6RADE 

Figure 4-4. Clinker cooler sampling location. 
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late test runs. Each point was sampled for 2.5 minutes, which 

yielded a total test time of 120 minutes. An Andersen in-stack 

impactor was used to collect particle size samples at single 

sampling points that were representative of the average stack 

velocity. The testing and analytical procedures used are de- 

scribed briefly below. 

4 . 4  VELOCITY AND GAS TEMPERATURE 

A Type S pitot tube and an inclined draft gauge manometer 

were used to measure the gas velocity. Velocities were measured 

at each sampling point across the duct to determine an average 

value. Measurements were made according to the procedures 

outlined in Method 2 of the Federal Register.* The temperature 

was also measured at each sampling point by use of thermocouple 

and digital readout. 

4 . 5  MOLECULAR WEIGHT 

Flue gas composition was determined by using procedures 

described in Method 3 of the Federal Register.* A bag sample was 

collected during each particulate test and during each set of 

sulfur dioxide and nitrogen oxide tests. The bag contents were 

analyzed by use of an Orsat gas analyzer. 

4 . 6  PARTICULATES 
\ .  Particulate grain loading was measured at each test location 

according to Method 5 ,  as described in the Federal Register.* 

All tests were conducted isokinetically by traversing the cross- 

* 
4 0  CFR 60, Appendix A, Reference Methods 2 ,  3 ,  and 5, July 1, 
1981. 
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sectional area of the stack and regulating the sampling flow rate 

relative to the flue gas flow rate as measured by the pitot tube 

attached to the sampling probe. In each test, a sampling train 

was used consisting of a heated, glass-lined probe, a heated 

87-nun (3-in.) diameter glass fiber filter (Reeve Angel 934 A H ) ,  

and a series of Greenburg-Smith impingers. A heated quartz probe 

was used on the scrubber inlet sampling train due to the high 

flue gas temperatures at this location. In addition, an alundum 

thimble and cyclone were placed prior to the heated filter 

because of heavy particulate loading. The nozzle, probe, and 

filter holder were rinsed with acetone at the end of each test. 

The acetone rinse and the particulate caught on the filter media 

were dried at room temperature (105OC for scrubber outlet sam- 

ples), desiccated to a constant weight, and weighed on an analyt- 

ical balance. Total filterable particulate matter was determined 

by adding these two values. The contents of the impinger section 

of the sampling train were recovered and analyzed for organic and 

inorganic content by ether-chloroform extraction. 

4 . 7  SULFUR DIOXIDE 

The test procedure used was as described in Method 6 of the 

Federal Register* except the midget impingers were replaced with 

a series of Greenburg-Smith impingers. A heated glass-lined 

probe preceded the series of impin 4 ers. 
placed in the tip of the probe and in the connecting glassware 

A plug of glass wool was 

* 
40 CFR 60, Appendix A ,  Reference Method 6, July 1, 1981. 
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between the first and second impingers. A heated quartz glass 

probe was used on the scrubber inlet sampling train, and an 

alundum thimble and cyclone-filter assembly were placed prior to 

the impingers due to the heavy particulate loading at this 

location. Each test consisted of two 20-minute runs. Each 

sampling train was purged with ambient air for 15 minutes after 

the completion of each test. The contents of the second and 

third impingers ( 3 %  hydrogen peroxide) were measured and analyzed 

on site for sulfates by use of the barium-thorin titration 

method. 

4.8 NITROGEN OXIDE 

Sampling and analytical procedures were those described in 

EPA Method 7 of the Federal Register.* Three tests, each con- 

sisting of four grab samples taken at approximately 15-minute 

intervals, were conducted at the scrubber exit stack. The 

samples were shipped to the laboratory for analysis. 

4.9 PARTICLE SIZE DISTRIBUTION 

Particle size samples from the scrubber and clinker cooler 

exit stacks were obtained by use of an Andersen 2000 Mark I11 

source cascade impactor. This in-stack, multistage cascade 

impactor has a total of eight stages. Particle size cutoffs 

range from 0.5 to 15 pm and are followed by a backup filter 

stage. Substrates for the Andersen impactor were 64-mm glass 
I 

fiber filters.** A constant sampling rate was maintained through- 

~~ 

* *  40 CFR 60, Appendix A, Reference Method 7 ,  July 1, 1981. 
Whatman Reeve Angel 934 AH. 
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Out the test period. The rates were set for isokinetic sampling 

as long as the rate did not exceed the recommended flow rate for 

the impactor (0.70 acfm). 

Eight impactor runs were made at each sampling site. 

Sampling point locations for each stack were as shown in Figure 

4-5. At least one impactor run was made at each sampling point. 

Sampling procedures were those recommended in the "Procedures 

Kanual for Inhalable Particulate Sampler Operation," which was 

recently developed for EPk by the Southern Research Institute. 

Particle size analyses were conducted on the scrubber inlet 

particulate samples by use of a Bahco centrifugal classifier 

that separated the particulate into eight different size ranges. 

1 

4.10 HYDROCARBON EMISSIONS 

EPA Method 2 5 *  was used in the sampling and analysis of 

hydrocarbon emissions in order to determine total gaseous non- 

methane organics. Gas from the stack was drawn through a dry-ice 

condensate trap in order to collect the sample in an evacuated 

sampling tank. Sampling was conducted at a single point in the 

stack and a constant sampling rate was maintained between 80 and 

90 (ml/min). Both the sampling tank and condensate trap were 

analyzed to determine the nonmethane organic content of the 

exhaust gas. 

The tank fraction was analyzed by injecting the sample into 

an analyzer. The analyzer separated the nonmethane organics from, 

* 
4 0  CFR 60, Appendix A, Reference Method 25, July 1, 1981. 
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Figure 4-5. Particle size sampling points for circular stack. 
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CO, C02, and CH4, oxidized the components to C02 and reduced the 

C 0 2  to methane for measurement with a flame ionization detector 

(FID) . 
Condensate was recovered by heating the trap and probe line 

to 650°C (1200°F), converting the contents to carbon dioxide with 

a catalytic oxidizer, and collecting the C02 in an intermediate 

collection tank. The intermediate tank was analyzed by injecting 

the contents into the analyzer, where the C02 was reduced to 

methane and measured with the FID. The total gaseous nonmethane 

organic content was determined by summing the results of the trap 

and tank analyses. 

I 
L 

I 
I 
I 

4.11 PROCESS SAMPLES 

Samples of the coal and slate fed to the kiln were collected 

at approximately 30-minute intervals during particulate sampling. 

Coal samples were collected from the coal bunker before they 

entered the pulverizer. Slate samples were collected from the 

kiln feed conveyor belt. Coal samples were analyzed for sulfur 

content, moisture content, and percent ash. Slate samples were 

analyzed for sulfur content, density, and moisture content. 

Samples of the influent and effluent from the kiln wet 

scrubber and clinker cooler settling chamber were collected and 

analyzed for sulfate content and pH (scrubber water only). 
i 

An analytical screening for trace elements was performed on 

the scrubber effluent and captured particulate samples. 
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4.12 VISIBLE AND FUGITIVE EMISSIONS 

Visible and fugitive emission observations were performed by 

use of procedures described in EPA Method 9.* 

emission readers were utilized f o r  each task. 

Certified visible 
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SECTION 5 

QUALITY ASSURANCE 

Because the end product of testing is to produce representa- 

tive emission results, quality assurance is one of the main 

facets of stack sampling. Quality assurance guidelines provide 

the detailed procedures and actions necessary for defining and 

producing acceptable data. Four such documents were used in this 

test program to ensure the collection of acceptable data and to 

provide a definition of unacceptable data. The following docu- 

ments comprise the source-specific test plan prepared by PEDCo 

and reviewed by the Emission Measurement Branch: the EPA Quality 

Assurance Handbook Volume 111, EPA-600/4-77-027; the draft PEDCo 

Environmental Emission Test Quality Assurance Plan; and the PEDCo 

Environmental Laboratory Quality Assurance Plan. The last two, 

which are PEDCo's general guideline manuals, define the company's 

standard operating procedures and are followed by the emission 

testing groups and the laboratory groups. 

Appendix F provides more detail on the quality assurance 

procedures, such as QA objective; data reduction; quality control 

checks; performance and system audits: preventive maintenance; 

precision, accuracy, and completeness; corrective action: and 

quality assurance reports to management. 

? 
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Relative to this specific test program, the following steps 

are taken to ensure that the testing and analytical procedures 

will produce quality data. 
0 Calibration of field sampling equipment. (Appendix E 

describes calibration guidelines in more detail.) 

Checks of train configuration and calculations. e 

0 Onsite quality assurance checks such as sampling train, 
pitot tube, and Orsat line leak checks, and quality 
assurance checks of all test equipment prior to use. 

0 Use of designated analytical equipment and sampling 
reagents. 

Table 5-1 lists the sampling equipment used for particulate, 

SO2 and NOx testing as well as the calibration guidelines and 

limits. In addition to the pre- and post-test calibrations, a 

field audit was performed on the meter boxes used for particulate 

and SO2 sampling. PEDCo constructed critical orifices for use in 

this audit. Figures 5-1 through 5-3 show an example audit run 

for each dry gas meter used for particulate and SO2 testing. 

As a check on the reliability of the method used to analyze 

the filters for the particulate and particle size tests, sets of 

filters that had been preweighed in the lab were resubmitted for 

replicate analysis. Table 5-2 summarizes the results of a blank 

filter and reagent analysis. 

Audit solutions prepared by the EPA were used to check the 

analytical procedures and reagents for SO2 and NOx sampling 

analysis. Tables 5-3 and 5-4 present the results of these 

analytical audits. The audit tests show that the analytical 

techniques were good. 

I 

5-2 



I t 

1: 

I 1 

i 
I 

I L  

1 
I 

I 

-0 
W O  
+ V I  

L .r 
m c  
n m  .- m 
- m  
m 
V 

h 
c 
0 

W 
u 

7 

m 
a 
- 
U 

u 
.r 

n, L - 
Ln m 
3 n. 

r .  

U m m uu x D O  -7  

0 0 .  o m  00 
. E  . .  00 

10 
m Lo 
0 0 0 N 

0 0 0 3 0 -  0 0.7 m -  . . 
00 

ri"0 " 2  

I - 
O 
VI 
W 

bp 
Lo 

0 

69 
m u  
O N  

. o  

+ I  + I  

Ln 

X O  

Eu 
Lo '-VI u 
0 o n  Lo 

.o 
O N  

mar 
cn . I  

0 0  

+ I  - +I  

+ Id 
v 

E 
.r 

w 
0 
0 

0 

S 

+ I  

n 

U 
u w  m w  

U w -  0- 
I 0 h 4 N L o  o m  7 . w  ++ e 3  I I 

+. N N  N N  -0 e m  m N m a  P - N  

- \  U 

X 
0 

L 
W 
O 
0) 
E 

n 

L 
0 
O 

m u  
O .- 
.r u 

0 

- m  

m t  
.r .r 

I- 

L 
W 
N 
h 
m c m 
O 

Ln 
L 
0 

- 
m 

5- 3 

L 
W 
u 
W 

L E  a 0  
D E  
C L  
.r w n-c 
E- - 

W 
U c 
m 
m n 
c 

Q 

L 
I- 

.C 

L 
W + 
W 

L 
E 
m 
m 

- 
U 
W 
3 c 
c, 
S 
0 
U 

- 
v 



I 
I 
I- 
t. 
I 

i 

-0 
W 
a 
E 

VI 
U 
c 

E 
0 
V 

U c 
W 

E 
.r 
a 
0 
W 

W 
U 

5 
F W 
3 u u 
.r VI .r E 
U c ,  U 0 
LVI  L 
m u  m V I  W n w  nc, c, 

VI m 
L W  7 

a u 
W .r 

U 
L -0-0 U N  

W E  W .r 
V I V I  m 

3 3 L 

m 
7 - 

L N  
0 4  rcv, O0 Ll- 

E 
.r 

u u  I” kk D O  7 
a m  be b9 U m 
0- 

00 0 0 0 0 -  0 0.7 urn  m e  
+ I  

00 0 5 2 Z R  0 0 .  0 0  19 0 
. E  . . . .  

0 

c, 
VI 
W 
U 
I 
c, 

>In VI 
- 0  

00 
0 

>-I. 

N . a  
. + I >  

+ le ;= 
a o  

+ I  

7 

0 
0 
+ I  
n 
V 

be 
In 

0 

3Q 
N 
+ I  
Y 

3+ 
In 

0 
+ I  

U 
0 
N 
+ I  

m 
In 

0 
+ I  

U 
VI 

IC, 
. I  

E U  
.r VI 
0 

.o 
O N  

m w  

o n  
7 

+ I& 

U 
0 
In 
+ I  

U 
0 
Lo 
+ I  

c 

U 
0 
0 

0 

E 

.r 

+ I  
n 

m 
L U c VI 

0 m Y U c , W  U U 
U U .r m L n m  r -  m m ar 

.C VI m m o  n L m L  .r m L  L L 
U 0 0 W w w  0 0 

U L 7 -0 3 uc, U 0 
VI L 0 LL 

N W 
I I n W m w N m N  v) L E  u o  c, -0 W .- - 0 1  

v, m 
4 V 

E D  - E 
c, m a  - + 
W c, U .r v, U r n  
3 v, E 4 m e  i- 4 

E 
L U  m w  LL 

.r - 0) L E  E n v , m  + I- 
h g n  v, 

2 F  
Y 

L 



i 

I. 
-t- 
T I W  
W l  
3l- 
8 3  .- 0 
U 
Tp: 
o w  
U l  
-0 
0 

4 0  

mp: 
W 

W Y  
d Z  m -  a- 
t - V  

7 

4 

U w c  
o v  
m c  
L .- 
.r c 
n n  

n 
. C  

- 2  

W 
Y 

W a - 
V V 

Y c, 
L L 
m m V I  

m - 
c .r 

n% n 
L La, 
0 Oc, 
t V I  Lc 
c, W 

= V I  T I N  w w  w .C 
VI.@ V I V I  
3 3 

.r 
U m m LLLL ULL 

1 0 0  0 0  N 
0 0 .  00 0% a 

. E  . . . .  a 
C 

5 " o  = 2  m m m  
00 0 m W 
0 0  . .  

0 0.- H m  m N  0 0 0 o c ,  Y? . -  
A 

c, 
VI 
w 
U 

I c, -0 
r: m w  U W 

U 
Lc, m 

L m - I  sc, U 
U c m .-VI LL 

0 0  0 c 
m 

VI 

.r > m  VI 

00 

- 0  - 
N o n  o 

.+I> 0 

o n  

69 693 69 
In m c ,  m u  

7 L n  O N  
- 0  . m  

64 
0 0  N 

o o n  m 0 + I  . 6 
+ leJ m + I  + I  + I  To + I  + I  5 

O N  
> l .  u 

E 
+ I  - + I  + I6 c 

m 
E L U 

W 0 0, 
c, U .r m V I -  

Ln 
LL LL u w  U 

1 7  m m 
L L m L  .r m L  L 

U 0 0 w w w  0 0 
U s - -0 3 u u  

LL L U  m w  u U -0 
L 0 

I I C 
ln L E  YI m > N r Z ( N  

0 0  E T I 1  
a, 

L E  4 2  TI w .- w t- E E  m t -  n l n m  t- 
. w v r  h m n  ln ln 

s n  - 
4 4 c c, c, .r ln w 

LL 

m n  .r VI m 
n E 

N a 
.,. 
r E c, m a  - 

3 ln r 4 l n a  l - z  
n 

U c, o w  c,w c w- w- - 
I t  N N m N N  o m  Y o  - u  r 

N N  -w -0 c 

Worn 

m a  m W 0 
U L L  0 N N N d  

m c ,  P - N  c a  s a  
I 

L 

x 
0 

L 
01 
c, w r 

n 

w 
3 
c, 

o 
0 
U 

L 

n 

.r 
0 

w 
h 
m 

N - 
E 
m 
U 
m 
In 
L 
0 

L w 
U w 

L E  w o  
m E  
E L  
-7 w 
E U  
ns 
* 

n 
.r 
L 
I- 

5- 5 



I 
I 
I 
I 
I 
I 
I 
I 
i 
I ! 

I 
I 
I 
I 

I 
1 
I 
I 

i 

4: 

Temperatures D u r a t i o n  O r i f i c e  Dry gas 
manometer meter Ambient Dry gas meter of 

I n l e t  O u t l e t  r u n  

Toi 'Tof ri n 

read ing  read ing  Ta i l T a f  0 Tii/Tif AH Vi/Vf 

i n  H20 f t 3  O F  "F O F  - 

AUDIT REPORT DRY GAS METER 

re c 7  r.2 
52. 53. 

DATE: CLIENT : 

BAROMETRIC 6RESS;RE (Pbar): a f l i n .  Hg METER BOX 
PRETEST y: 
AUDITOR: w 3 

ORIFICE NO. 
O R I F I C E  K FACTOR: 

I f  .cf..r 

/7# #? /SIfZ 
Dry gas Average temperatures 

volume meter  

"In Ta Tm 

f t 3  O F  O F  

/t,yco 5-1 53- 

meter Ambient Dry gas ' Aud i t  

Y 
a c t  "m s t d  "m 

f t 3  f t 3  

r l x q  /G,k77 /,OF4 

Y 
d e v i a t i o n  

s t d  "m 

(17.647)( Vm )(Pbar + AH/13.6) 

(Tm + 460) 

ib 

a c t  "m 

(1203)(  0 K )( 'bar) 
(Ta + 460)1/2 

A u d i t  y y d e v i a t i o n ,  X 

(y a u d i t  - y pre- tes t ) ( lOO%) 

(y a u d i t )  
"m 
a c t  

"' std 
t 

A u d i t  y must be i n  t h e  range, p r e - t e s t  y - +D.05 y 

F i g u r e  5-1. Example a u d i t  r e p o r t  f o r  scrubber i n l e t .  
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I n l e t  Outlet r u n  

Toi f 'of m i  n 

reading reading 
0 Tai'Taf T . .  /Tif  AH V i f V f  11 

i n  H20 f t 3  O F  O F  O F  

4& / 2, I 3%mV +.n/ s"i/ IKOOs/ 
4/c  I /c c' TL 6 0 57.3 

1 

Dry gas Average temperatures ~ 

"m meter Ambient Dry gas 
vol ume meter 

"m Ta Tm 
f t 3  O F  O F  f t 3  f t 3  % 

f2 ,  l o  0 5 7  5 5  t 3 a ~ s ~  //,?at/ S:%5 s:9 3 

Audit 

Y 
Y 

devia t ion  

V 
s t d  matt 

a c t  "m s t d  "m 

/r.ob C & G ~ W - ~  29nY6 
(17 .647) (  V, ) ( P b a r  + AHf13.6) (1203)(  0 K )( 'bar) 

(Tm + 460) (Ta + 460)'12 
(5'6 "I 

(7. 6ci7  C ! 1 , / c ? >  C r9,ss  )- - -  </ 0 

Audit y y d e v i a t i o n ,  % 

"m (y a u d i t  - y pre- tes t ) ( lOO%) 

(y a u d i t )  
a c t  

std 

t 
I 

A u d i t  Y must be i n  the ranae.  Dre- tes t  Y +0.05 Y 

Figure 5-2. Example a u d i t  r epor t  f o r  scrubber  o u t l e t .  
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AUDIT REPORT DRY GAS METER 

DATE : 2/22/82 CLIENT: FPfl .<,*ohrWL-L4Yr dc.&t?. - BAROMETRIC PRESSURE (Pbar): in. Hg METER BOX NO. , - B d  

ORIFICE NO. 1 0  PRETEST y: . yL 7 
ORIFICE K FACTOR: 4.7$,9. I D -  4 AUDITOR: <&2? 

Dry gas Temperatures Duration 

reading 
meter Ambient Dry gas meter of 

Inlet Outlet run 

Toi/Tof mi n 
0 Tai/Taf T. ./Tif Vi/Vf 1 1  

ft3 OF OF OF 

6 2  705- =Po 71 76 
71 7 . -  7 9  7 0  6 3  i-r: 5/ 7 .  

'I 

1 

Dry gas Average temperatures 
meter Ambient Dry gas 
volume meter 

Audit 
Y act "m std "m 

T Y deviation m "m Ta 

V 
%td 

I %  I 

V 
t 

(17.647)( V, )(Pbar + AH/13.6) 
(Tm + 460) 

(y audit - y pre-test)(lOO%) 
(y audit) 

Audit y must be in the range, pre-test y - + L O 5  y 

Figure 5-3. Example audit report for clinker cooler outlet. 
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TABLE 5-2. EXAMPLE BLANK FILTER AND REAGENT ANALYSIS 

Sample t ype  

P a r t  i c u l  a t e  
87 mm Reeve Angel 
934 AH 
No. 3530415 

Alundum t h i m b l e  
No. 248 

64 mm Reeve Angel 
934 AH 

P a r t i c l e  s i z e  

BE-41 
BE-18 
BF-17 
BO-64 
BD-29 
BC-68 
BO-75 
AA-84 
8-378 

Acetone b lank  

H20 blank 

Ether -ch lo ro fo rm 

O r i g i n a l  t a r e  
weight,  mg 

358.6 

46,195.1 

136.9 
128.7 
143.0 
127.0 
142.2 
134.3 
136.8 
133.7 
205.0 

99,264.7 

97,605.8 

65,974.8 

Blank weight,  
mg 

358.6 

46,197.6 

142.4 
134.6 
136.9 
133.9 
205.2 

99,267.8 

97,613.8 

65,980.9 

Net weight,  
mg 

.+ 0.2 

-t 2.5 

+ 0.2 
-t 0.3 
-t 0.2 
-t 0.2 
-t 0.2 
-t 0.3 
-t 0.1 
-t 0.2 
-t 0.2 

0.009 mg/ga 

0.013 mg/ga 

0.037 mg/ga 

aO.O1 mg/g used i n  c a l c u l a t i o n s .  
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TABLE 5-3. AUDIT REPORT - SO2 ANALYSIS 

Plant &Jk TL?t4a7Cr'oe, PN Number 3s34-1 
Date samples rece ived  

Samples analyzed by u 
I /  

Reviewed by Date of Review 

Sample mg SQ2/dscm 
Number Determined 

Source of Accepted 
Value 

/&3, F 

% 
Difference  

.. . 
5-10 . .  
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1 I 

I 1 

I 
I 
I 
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TABLE 5-4. AUDIT REPORT - NO, ANALYSIS 

P l a n t  ~ A l l t L  PN Number 3530-( 
Date samples received 3-1-02 

Samples analyzed by Ch&Jl JodlS 

Reviewed by ma 8e4M~U 1 1 l ~  Date of Review 3-2-8a - / i  

Date analyzed 3- / -8dL .3 -d -8a  

J 

Sample mg NQ/dscm 
Number Determined 

& 589 

a93. 8-1 .. 4- 
Source of 

Sample 
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The quality assurance procedures specified in Method 2 5  

include oxidation and reduction catalyst checks, complete cali- 

bration of the NMO analyzer, use of proper materials of construc- 

tion for sampling tanks and traps (316 stainless steel), and 

checks to determine the blank values for the analyzer and trap 

conditioning apparatus carrier gases. In addition, PEDCo has 

found it necessary to use the following procedures to check and 

prepare sampling equipment before testing. Prior to each test, 

all condensate traps are checked for cleanliness by use of the 

trap conditioning apparatus. Traps are heated to 6 5 0 D C  (12OOOF) 

with carrier gas passing through the trap, oxidizer, and GC 

sampling loop. The sampling loop contents are then injected to 

the NMO analyzer to determine the level of contaminant remaining 

in the trap. This process is repeated until an acceptable blank 

value is obtained. Typical blank values for traps range from 5 

to 10 ppm. 

Gas sampling tanks are cleaned by evacuating the tanks and 

filling them with nitrogen. This procedure is repeated until an 

analysis of the tank on the Method 2 5  analyzer demonstrates that 

the tank contains no contaminants from previous sampling jobs. 

All tanks to be used in a testing program are checked in this 

manner before shipment to the sampling site. Appendix C contains 

pretest equipment blank data an9 laboratory results. 

appendix also contains chromatograms showing the blank checks for 

the traps and tanks used in this test. 

This 

.. . 5-12 



I 
I The sampling equipment, reagents, and analytical procedures 

for this test series were in compliance with all necessary 

guidelines set forth for accurate test results as described in 

Volume I11 of the Quality Assurance Handbook.* 

I 
I 
I 
I- 
I 
C 
I 
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SECTION 6 

DISCUSSION OF RESULTS 

Overall, the sampling program was executed as planned and, 

with the exception of the scrubber inlet test location, no major 

problems occurred with either test equipment or sampling activi- 

ties. A s  mentioned previously, only one sampling port was used 

for particulate sampling at the scrubber inlet because of extreme 

heat and inaccessibility. With increasing distance from down- 

stream and upstream disturbances, the effect on the results of 

sampling in only one plane would be less significant. Since this 

location met only the minimum requirements set forth in EPA 

Method I, however, the particulate data could be biased high; the 

magnitude of which is unknown. 

As discussed in Section 3 of this report, particulate mass 

emission rates at the scrubber outlet are probably biased high 

due to the cyclonic flow condition encountered. Since mass 

emission rate data are calculated on the basis of volumetric 

flow, the mass emission rate data for each measured pollutant 

should be considered on a qualitative basis only. 
1 Both the filter and rinse fractions from this source were 

heated to 105OC (221'F) as analytically allowed in the Federal 

6-1 



Register.* In addition, both fractions were heated to 16OOC 

(320OF) to preclude sample bias resulting from sulfuric acid mist 

retention. No significnt sample weight loss  resulted from the 

sequential heating. 

Table 6-1 summarizes particulate removal efficiency and 

scrubber pressure drop data. Despite the fact that the scrubber 

lacked an effective mist elimination device system, the particu- 

late removal efficiency averaged greater than 98 percent with an 

average scrubber pressure drop of 14 inches of water. The 

pressure drop data is probably biased high due to frequent 

plugging of the inlet sample line. With an effective mist 

eliminator, particulate concentration would probably be signifi- 

cantly reduced. 

The measured particulate emissions from the clinker Cooler 

appear to be representative based on between-test data reproduci- 

bility and comparisons with plume observation and particle size 

data from this source. 

* 
40 CFR 60, Appendix A, Reference Method 5, July 1, 1981. 

I 

i 
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I 
I P a r t i c u l a t e  

removal ef- 
ficiency, %a 

98.1 

98.2 

1- 
I 
I 
1 

Scrubber 

in.H20 
pressurebdrop, 

-14.1 

-11.1 

i 

SIP-2 
SOP-2 

I 
I 
i .  

Scrubber i n l e t  42,568 
Scrubber o u t l e t  758.3 

TABLE 6-1. SCRUBBER EFFICIENCY SUMMARY 

SIP-3 
SOP-3 

P a r t i c u l a t e  
Test No. 

Scrubber i n l e t  45,476 98.7 -17.0 
Scrubber o u t l e t  577.7 

SIP-1 
SOP-] 

Sampl i ng Concentrat ion,  
l oca t ion  

Scrubber i n l e t  31,462 
Scrubber ou t le t  597.8 

1 
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able Particulate Sampler Operation. Prepared for EPA under 
Contract No. 68-02-3118. November 1979. 

f 

R- 1 



.) 

DFAFT/hT 

03/30/92 1 
d3006-4/971130 1' 

i' 

A. 

Emission Test Report 
Review Checklist 

Reviewer: &iavl Shrqer 
Review Date: 5/15~szv 

Background Information 

1. 

2 .  

3 .  

4 .  

5 .  

6 .  

7. 

8 .  

Pollutants measures j o r D  

Pb &* 
Others (list) : 

Process overview: On an attached page provide a block 
diagram of the unit operations.and associated air 
pollution control system at the facility. 
procees tested with letters from the beginning of the 
alphabet (A, B, C, etc.) and APC systems with letters 
from end of alphabet (V, W, X, etc.). Also identify test 
locations with Arabic numerals (1,2,3, ... 1 .  Using the 
ID symbols from that sketch complete the table below that 
identifiee processes or unit operations tested. 

Identify 



n m / m  
d3006-4/971130 
03/30/92 2 

B. process Information 

end) of the kiln range from 371' to 454'C (700' to 85O'Fl and aroperates 365 days per year, 2 4  hours per day. ~alite aims for 

monitored continuously. Plant personnel stated that the shutdowxtu.1 kiln operation of approximately 80 to go of / 
period for the kiln is 4 8  hours. 

operating temperature takes 36 to 4 0  hours. Natural gas is the 

Bringing the kiln back up to working days. 

1. provide a brief narrative description of the process. 
with as much detail as possible, (e.g., if a fuhace or 

The slate is mined from a quarry on plant grounds. The i A n n t 4 f v  tha t.vne af unit) 
The raw material slowly heats up as it travels through the 

kiln and.physicallY expands lbloatsl as volatile organic compo- 

nents are driven Off. The residence time of the raw material in 

the kiln is approximately 4 5  minutes. Density of the product is 

measured hourly by Plant personnel who weigh a bucket of known 

volume filled with the hot product. 

slate is crushed, screened, and Stored in piles or enclosed 

silos. Belt conveyors transport the crushed slate from the stor- 

age silo to the feed box where it is charged to the rotary kiln. 
\ 

The NO. 1 kiln measures 57.9 meters Iml I190 feet lft) I in 

length and 3 . 1  m (12 ft) in diameter. A dam, which measures 4 6  

centimeters (cm) by 5 cm [ I 8  inches (in.) by 2 in.], is located ... 
approx~zt,.ly 4 . 3  cm t l 4  ft) from the back ;nd (feed~end) of the 1 The expanded product. or clinker, is discharged from the 
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2. For each process tested list feedstock materials and 
products. Indicate if activity factors are for feed (F) 
rate or product (P) rate. 

r 

Basis for data: x e  Pm~es-5 >< c c; gt? 0% 

(Indicate page/table NOS. in test report) 

For each process or operation tested and each test run 
note process capacity and operating rate during test. 

3 .  

Basis for data: l? 2-4 
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c. A i r  Pollution Control Systems Tested 

1, For each air pollution control system pollution control 
ayetem identified in A.8,  note the following 

Note: Be as specific as possible in identifying APCD. For 
example, indicate "pulse jet fabric filter" rather than simply 
"fabric filter." 

2. For each system identified above, provide a narrative 
description. For fugitive systems describe capture 
techniques as well as the removal techniques (use a 
separate page if necessary) 



I 

DRAFT/WP 
a d3006-4/971130 

03/30/92 5 

3 .  Using the attached parameter list fo r  guidance complete 
the table below. (Use additional pagea a8 needed.) 
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D. Sampling and Analysis Methodm 

d3006-4/971130 

1. Complete the following table 

, 

YM YIN 
YIN YIN 

YIN 



, 
DiUGT/WP 
d3006-4/971130 
03/30/92 7 t 

2. If a method used was not a reference or conditional 
method, prwide a narrative discussion including any data 
manipulation needed to &e results correspond to 
reference or conditional method results. 

3 .  Describe any deviations identified above. 
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E. Emiseion Data Documentation 

1. Tabulate the followins stack sa8 data from the test 
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2. Tabulate pollutant m e a  f lux ratee 
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3 .  Present example emission factor calculations below. 

T"tJ I 

?MI0 0.457, 



i 
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4 .  Tabulate emieeion factors 

b3006-4/971130 
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Type of 
APCD 

Fabric filter 

ESP 

carbon absorber 

parameters 

Cleaning mechanism 
Bagtype 
Cleaaing frequency 
Air to cloth ratio (NC) 
Pressure drop 
Inlet tempefdaue 

Type (wet or dry) 

Rapping cycle (if dry) 

Particulate resistivity (if known) 
spark 
current and power level8 

-drop 
LiquWgas (UG) mi0 
Misteliminatortype 

PaddngQePh 
U G  ratio 
caustic u s  (?x-/xi 
PH 
Misteliminatortype 

Beddepth 
Superficii gas velocity 
Bed temperature 
Desorption mechanism (media) 
pluega# moisture 
Cycle length 

Number of fields 

Specific Collection A m  (SCA) 

T i e - ~ d h  &I bdCthIOU@ 
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Emission Test Report 
Review Checklist 

Reviewer: 6jrian 5hm er 
Review Date: 4/35/92 

A. Backgrouni 

1. 

2. 

3. 

4. 

5. 

6. 

7 .  

8 .  

Information 

@ PM-10 co so2 NO, voc @ co2 
Others (list): rides I Chmm;Um 

Process overview: On an attached pas $Houlb &Up45 
diagram of the unit operations and as 
pollution control systems at the facj 
process tested with letters from the 
alphabet (A, B, C, etc.) and APC syst 
from end of alphabet (V, W, X, etc.). 
locations with Arabic numerals (1,2,? 
ID symbols from that sketch complete 
identifies processes or unit operations cescea. 
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2. For each process tested list feedstock materials and 
products. Indicate if activity factors are for feed (F) 
rate or product (P) rate. 

1 I I I I I( 

Basis for data: 
(Indicate page/table Nos. in test report) 

3. For each process or operation tested and each test run 
note process capacity and operating rate during test. 
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C .  Air Pollution Control Systems Tested 

system identified in A.O, note the following 

d3006-4/971130 

1. For each air pollution control system pollution control 

Note: Be as specific as possible in identifying APCD. For 
example, indicate "pulse jet fabric filter" rather than simply 
"fabric filter." 

2 .  For each system identified above, provide a narrative 
description. For fugitive systems describe capture 
techniques as well as the removal techniques (use a 
separate page if necessary) 

4.0 SClHRlffi ANI ANNYTlCAL PROCEDURES 

The methods for  s a p l l n g  a t  both the I n l e t  and the Outlet were as 

publlshed In  40 CFR 60, Appendlx A, Code of Federal Regulatlons. 

The smpl lng and vsloclty traverses were detemlned I n  eccadance 

r l t h  Method IB and the detemlnatlon of the steck gas flow rate was 

I n  accadance wlth Method 2. The stack gas temperature was measured 

r l t h  a Iron-constantan thermocouple end the  baramtr lc  pressure vas 

obtalned from the Muadale a l rpor t .  The stack gas denslty for  

detemlnlng the gas flor rate, was deterrnlned by Method 3. The 

emlsslon measurements were coFducted In accordance r l t h  Method 5 

wlth one s l l g h t  varlatlon. There was a f lex lb le  connectlon beheen 

the f l l t e r  and the t l r s t  lmplnger. Thls modlflcatlon has been 

agreed t o  p r l w  by the DMI personnel p r l o r  to the test. Testlng for 

a l l  pol lutants consisted of three sets of slmultanmus tests  at the 

I n l e t  and the ou t le t  of the control system. Part lculate matter 

concentratlons were detemlned from the re lgh t  o f  rnaterlal COI lected 

on the  f l l t e r  and that  r-ed f ra the probe by the acetone probe 

wash. Cadmlum and lead concentratlons were detemlned I n  the 

Par t lcu la te matter s a p l e  uslng atcmlc absorptlon for the heavy 

- 

metals analyses. The chlorides were col lected In the lmplngers of 

the sanpllng t r a l n  In a solut lon of 0.1 normal sodlum hydroxide. , 
The lmplnger solvtlon vas analyzed by the Argentaet r lc  Method. I 
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3. Using the attached parameter list for guidance complete 
the table below. (Use additional pages as needed.) 

' 
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D. Sampling and Analysis Methods 

1. Complete the following table 

YM 
YM 
YM 

YIN 
YM 
Y M  

YM 
YM 
YM 

YIN 
YM 
YIN 

! 

J 
YM YM 
YM YM 
Y M  YIN - 

I I YM I YM I1 

II ! I I YM I Y/N II 
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2. If a method used was not a reference or conditional 
method, provide a narrative discussion including any data 
manipulation needed to make results correspond to 
reference or conditional method results. 

3. Describe any deviations identified above. 

The 

emlsslon measurements were conducted I n  accordance wlth Method 5 

wfth one s l f g h t  var lat lon.  There was a f l e x r b l e  connectlon between 

the f l l t e r  and t h e  f l r s t  lmplnger. I 
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I E. Emission Data Documentation 

1. Tabulate the following stack gas data from the test 
report. (Use additional pages as needed.) 

I I I values rcwrtcd 
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3. Present example emission factor calculations below. 
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4. Tabulate emission f a c t o r s  

b3006-4/971130 
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ATTACHMENT A 
Agm PmAmTERS 

Type of 
APCD 

Fabric filter 

ESP 

Venturi (or other high 
energy) scrubber 

Packed-bed scrubber 

Carbon absorber 

Parameters 
Cleaning mechanism 
Bagtype 
Cleaning frequency 
Air to cloth ratio (NC) 
Pressure drop 
Inlet temuerature 

Type (wet or dry) 
Number of fields 
Rapping cycle (if dry) 
Specific Collection Area (SCA) 
Particulate resistivity (if known) 
spark rate 
Current and power levels 

pressure drop 
Liquidgas (UG) ratio 
Mist eliminator type 

Packing depth 
U G  ratio 
Caustic use (Y/N) 
PH 
Mist eliminator type 
Bed depth 
Superficial gas velocity 
Bed temperatuxe 
Desorption mechanism (media) 
Flue-gas moisture 
Cycle length 
Tme-on-line after breakthrough 

? 




