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1.0 SUMMARY 

1.1 TEST PROCEDURES AND RESULTS 

TheU.S. Environmental Protection Agency (EPA), Emission Measurement 
Branch (EMB) issued a work assignment to Entropy, Inc. to develop and conduct 
a set of emission tests at a granite crushing plant to determine the PM10 
emission factors. The specific sources tested were two conveyor transfer 
points. The plant selected by the EPA Task Manager was the Wake Stone 
Corporation, Knightdale, North Carolina Plant. 

The primary objective of the test was to determine the PM10 emissions 
from the specific processes with the maximum degree of accuracy. The EPA 
Reference Method used to quantify the PM10 emissions was Method 201A. This 
procedure utilizes an extractive sampling train consisting of a cyclonic 
precollector to remove the greater than 10 micron particles, followed by a 
filter. To use Method 201A, it was necessary to design a fugitive emission 
capture system to collect the PM10 particle laden gas stream. 
Wake Stone Corporation sponsored this emission test program in order to 
determine PM10 emission factors applicable to transfer points at stone 
crushing plants. 

A Quasi-stack system was used to conduct emission tests on the transfer 
point. Small enclosures were installed at both the inlet and outlet of the 
transfer point. Using this testing approach, all of the PM10 emissions from 
the transfer point were efficiently captured and adjacent sources of PM10 
emissions did not significantly affect the results. 

The PM10 emissions were tested using EPA Method 20IA. The tests were 
divided into two target criteria sets: stone moisture levels greater than 1.5% 
(wet), and stone moisture levels less than 1.5% (dry). However the stone 
moisture levels were consistently lower than this criteria see Section 3, 
Table 3-l. The results of the PM10 emission tests are presented in Table l-l. 
The emission rates determined during both series of tests were low. The very 
low wet stone emission factor results are entirely consistent with the zero 
visible emissions observed during all of the tests. Stone samples obtained 
during the tests were also analyzed and found to have very low levels of 
material below less than 10 microns. 

- TABLE l-l. TRANSFER POINT PM10 EMISSIONS 

Transfer Stone Moisture PM10 Emissions 
Point (% Weight) (Pounds of Emissions/ 

Ton of Stone) 

Transfer (< 1.5%) 0.000282 
Point Cl (> 1.5%) 0.000092 

Transfer 
Point 32 

(< 1.5%) 0.001049 
(> 1.5%) 0.000030 
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2.0 PLANT AND SAMPLING LOCATION DESCRIPTION 

2.1 PROCESS DESCRIPTION AND OPERATION 

The Knightdale North Carolina plant produces crushed granite used for 
construction and road paving. Figure 2-1 is a flowchart of the portion of 
the Wake Stone plant which is relevant in this project. This has been copied 
from a drawing labelled "Knightdale Quarry New Secondary Crushing Plant" 
provided by Wake Stone Corp. The transfer points tested are circled and join 
conveyor C and 3 to conveyor D. 

Rock blasted from various locations in the quarry is trucked to a 
primary jaw type crusher located near the quarry pit. A large surge pile 
created by the flow of stone from the jaw crusher is used to provide a steady 
flow of stone to the plant processing equipment located adjacent to the quarry 
(STATION 4). Conveyor B is used to deliver the stone to the vibrating screen 
above the 5.5 foot Symons Cone Crusher. The vibrating screen serving the 5.5 
foot Symons crusher removes fine material produced during blasting or during 
primary crushing. 
sold as product. 

These fines are conveyed to a separate storage pile and are 
The rock that remains is crushed and conveyed via conveyor C 

to conveyor D to the sizing screens (STATION 5). The rock that is still too 
large to be sold as product is conveyed via conveyor I to a Model 1560 
Omnicone crusher (STATION 6), the crushed rock is then conveyed via conveyor 3 
to conveyor D to the sizing screen again. 
is crushed to the current screen sizes. 

This loop continues until the rock 
The transfer points from conveyor C 

to D and from conveyor 3 to D are the locations that were tested. They have 
been denoted as Cl and 32 respectively for the test. 

2.2 FUGITIVE DUST CONTROL 

Wet suppression is used for fugitive dust control of the transfer point. 
There are water spray nozzles located on the exit conveyor underneath the 
transfer point. There are also spray nozzles located at the inlet and outlet 
of the conetype crushers. Spray nozzles area also located at the top of the 
conveyor above the vibrating screens, 
of the vibrating screens. 

and on the discharge chute near the top 

maintain wet conditions. 
Not all of these spray nozzles are necessary to 

Over wetting of the rock can cause blinding of the 
lower screen or blockage of the fines discharge chute underneath the vibrating 
screen4Y During these emission tests, the plant experienced no significant 
screen blinding conditions. 

2.3 SAMPLING AND EMISSION TESTING PROCEDURES 

2.3.1 Fugitive Emission Test Approach 

Since there is no air pollution control devices on the transfer point, 
fugitive emission testing procedures were needed to capture and measure the 
PM10 particulate emissions. The quasi-stack method appeared to be the most 
accurate and practical approach for capturing the fugitive emissions from the 
inlet and outlet areas of the transfer point. This approach allowed isolation 
of the transfer point from the other fugitive dust sources in the immediate 
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Figure 2-l. Wake Stone Corp. Knightdale Quarry Flow Diaqram 



c- vicinity. The quasi-stack method required the construction of temporary 
enclosures around the inlet and outlet of the transfer point and the 
installation of a duct and fan system for gas handling. Since the PM10 
emissions are generated primarily by stone-to-stone attrition in the transfer 
point and during falling, the use of an enclosure does not significantly 
influence the rate of PM10 emissions. 

2.3.2 Emission Testing Procedure 

The enclosures built around transfer points Cl and 32 and the gas 
handling system were identical with the exception of the length of duct work 
used to convey the gas sample to the ground. The inlet to the transfer points 
Cl and 52 have an area of approximately 3 feet high, by 4 feet wide by 4 feet 
long it were enclosed with plywood to allow capture of the emissions caused by 
the stone-to-stone attrition during movement of the stone. The discharge 
point of the transfer points are the lower conveyor leading to the vibrating 
screens. The actual transfer points were completely enclosed in a steel 
chute. The discharge points were enclosed approximately 3 feet downstream of 
the transfer points. Figure 2-2. shows a view of the transfer point. 

The enclosures both had a one foot diameter outlet duct which ran to the 
ground, approximately 10 feet for Cl and 20 feet for 32 feet. This outlet 
duct was used as a combined sample point for both the inlet and outlet of the 
respective transfer point. The outlet duct upon reaching the ground turned 
90' via an elbow then proceeded approximately 10 feet to the sample point. The 
duct was then increased to a two foot diameter duct, to allow use of a two --ah. foot diameter SCR driven tubeaxial fan. The air flows from the combined inlet 
and outlet enclosures were set by adjusting the variable speed DC motors of 
the tubeaxial fans installed on the outlet ducts. Figures 2-2. and 2-3. show 
views of the inlet and outlet of the transfer points prior to the construction 
of enclosures. Figure 2-4 and 2-5. show views of the transfer point inlet and 
outlet after the installation of the enclosure. The combined gas flows from 
the inlet and outlet enclosures were control 1 ed by a Dayton Model 3C411 24 
inch, 2 HP direct current (DC) driven tubeaxial fan. This variable speed fan 
was set at the gas flow rate necessary to maintain a slightly negative static 
pressure within the enclosure. Negative pressures were required to ensure 
that there was no loss of PM10 emissions from the enclosure. Highly negative 
static pressures were undesirable since there could be high velocity ambient 
air streams entering the enclosure which could increase the PM10 emissions. 

2.3.3 Sampling Equipment 

EPA Reference Method 201A was used to monitor the PM10 particulate 
emissions, from each transfer point. The Method 201A complete sampling system 
consists of: (1) a sampling nozzle, (2) a PM10 sampler, (3) a probe and 
umbilical cord, (4) an impinger train, and (5) flow control system. Due to - 
the relatively small ducts and the constant sample gas flow rates set using 
the DC-driven tubeaxial fans, the Y-type pitot tube was not mounted on the 
PM10 sample probe. Gas velocities were determined prior to the emission 
tests. The Method 5 complete sampling system consists of: (1) a sampling 
nozzle, (2) a probe and umbilical cord, (3) a Method 5 filter, (4) an impinger 

a- train, and (5) flow control system. 
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Figure 2-2. Inlet of Transfer Points Cl and 52 
, 

Figure 2-3. Outlet of Transfer Points Cl and 52 onto Conveyor D 

I 

I 
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Figure 2-4. Inlet and Outlet of Transfer Point Cl Enclosure 

Figure 4-5. Outlet Ducts of Transfer Points Cl and J2. 
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In the Method 201A sampling train particulate matter larger than 10 
microns in diameter is collected in the cyclone located imnediately downstream 
of the sampling nozzle. Particulate smaller than 10 microns is collected on 
the outlet tube of the cyclone and on the downstream glass-fiber filter. The 
cyclone and filter system used in this study met the design and sizing 
requirements of Section 5.2 of Method 201A. The gas flow rate through the 
cyclone was set based on the orifice pressure head equation provided in Figure 
4 of Method 201A. The gas flow rate was kept constant throughout the emission 
test program. 

Sampling was performed in the l-foot diameter smooth wall duct installed 
off the enclosures of the transfer point. The 4-inch diameter sampling port 
was located more than 8 duct diameters downstream of the elbow and more than 2 
duct diameters upstream of the expansion duct leading to the 2 foot diameter 
fan see Figure 2-6 and 2-7. The sampling nozzles were selected to provide 80 
to 120% isokinetic conditions as required by Method 201A. The particulate 
samples were recovered using the procedures specified in Method 201A. 

Figure 2-6. Sampling Location of 
Transfer Point 52. 
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Figure 2-7. Transfer Point Cl, Sample Location 

,JllC 2.4 MONITORING OF PROCESS OPERATING CONDITIONS 

There are a number of process variables and weather conditions which 
could conceivably influence emission rates from the transfer point: 

l Stone moisture level 
l Stone size distribution 
l Stone silt content 
l Stone feed rates 
l Stone friability 
l Stone hardness and density 

All of these variables with the exception of stone type were monitored 
using a combination of plant instruments, special monitoring equipment, and 
stone sample analyses. Stone type was not monitored since granite is the only 
type of stone processed at this plant. 

2.4.1 Stone Moisture Level 

Stone samples were removed from both conveyors C and 3 during the 
emission tests due to a noticeable difference in stone size distribution. - 
These samples consisted of a 2 linear foot sample of stone from each conveyor 
entering the transfer points Cl and 32. The conveyor was stopped by plant 
personnel for approximately 5 minutes to permit the Entropy test crew to 
remove the stone sample. The sample was placed in a sealed plastic bucket. 



A sample was selected for analysis by placing the stone in a pile and 
dividing it into four quadrants. The quadrant randomly selected for analysis 
was further subdivided in quadrants until the sample quantity was less than 
approximately 2 pounds. This sample was then weighed and heated in an oven at 
a gas temperature of approximately 350 degrees Fahrenheit. The weight loss 
during heating was calculated and reported as the stone moisture level. 

2.4.2 Ambient PM10 Levels . 

One ambient PM10 monitor was operated in the sample area of the transfer 
point Cl see Figure 2-8. It was operated only during the time periods that 
emission sampling was in progress. The ambient air flow rates through the 
samplers were calibrated using an Airdata micromanometer. The filters were 
weighed and PM10 levels during the test were calculated. 

Figure 2-8. Ambient Pm10 Monitor 



2.4.3 Stone Size Distribution and Silt Content 

Samples of the stone obtained during the test (see Section 2.4.1) were 
used to determine the size distribution. The initial sample quadrants used 
for moisture analysis were used for analysis by ASTM sizing screens. The 
sample of approximately 2 pounds was heated to 350 Fahrenheit for 30 minutes 
to drive off the moisture, then allowed to cool, then loaded into the top pan. 
The screen size mesh openings included: 

l 1.5 Inches 
l 0.75 Inches 
l 0.375 Inches 
l 0.0787 Inches 
l 0.0059 Inches 
l 0.0029 Inches 
l 0.0015 Inches 
l Bottom pan 

The loaded ASTM screens were placed in a RO-TAP shaker and processed for 10 
minutes. The weights of stone remaining on each of the screens were then 
determined by subtracting the screen tare weights from the loaded weights. 

2.4.4 Stone Processing and Production Rates 

The stone processing rate of the transfer points has been defined by 
Entropy as the total volume of stone entering each transfer point. The volume 
of stone in tons for a particular test was calculated by removing and weighing 
a 2 foot section of the stone from both conveyors C and J entering their 
respective transfer points. This amount in pounds/feet was then multiplied by 
the speed of the conveyor in feet/minute (380 fpm Conveyor C, 360 fpm Conveyor 
3) to produce a rate in pounds/minute. Then to obtain the total amount of 
stone per hour this number was multiplied by 60 minutes per hour. This 
calculation is shown below: 

Transfer Point Cl 

(Pounds Stone per 2 FT) X (Belt Speed to Transfer Point Cl 380 FT per Minute) 

= Pounds Stone per Minute 

(Pounds Stone/Minute) X (60 Minutes/Hour) X (Ton/2000 Pounds) 

= Tons of Stone/Hour 

Transfer Point 32 

(Pounds Stone per 2 FT) X (Belt Speed to Transfer Point 52 360 FT per Minute) 

= Pounds Stone per Minute 

(Pounds Stone/Minute) X (60 Minutes/Hour) X (Ton/2000 Pounds) 

= Tons of Stone/Hour 
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3.0 TEST RESULTS 

3.1 OBJECTIVES AND TEST MATRIX 

The objective of this test program was to determine the PM10 particulate 
emission factors for two transfer points at a stone crushing plant. The test 
program concerned both wet and dry stone conditions. The specific objectives 
included the following: 

l Capture the emissions from the inlet and outlet of a 
transfer point without significantly affecting the emission rate. 

l Determine the PM10 emission concentrations by means of EPA 
Reference Method 201A. 

l Calculate the emission rates using the known outlet duct gas flow 
rates and the Method 201A PM10 emission concentrations. 

l Measure the stone moisture content, stone size distribution. 

3.2 STONE MOISTURE LEVELS 

The stone moisture levels for both transfer points emission tests are 
presented in Table 3-l. The moisture criteria proposed in the Test Plan were: 
dry condition - less than 1.5%, and wet conditions - equal to or greater than 
1.5%. The actual values during the tests were consistently lower than these 
criteria. Furthermore transfer point 32 had higher moisture levels than Cl, 
this can be attributed to the size distribution data presented in Table 3-7. 
Transfer point 52 handles finer crushed stone which has larger surface area 
thus a greater ability to absorb moisture. 

During the emission tests, the stone color was used to qualitatively 
evaluate moisture levels. Short term changes in stone moisture were indicated 
by shifts between grey and white. These variations occurred in all of the wet 
condition tests, but they could not be quantified because of the time needed 
to obtain a representative stone sample. Stone moisture levels were 
controlled by the plant personnel operating certain water spray headers in the 
process. 

TABLE 3-l. STONE MOISTURE LEVELS 

Date Conditions Test Moisture Content (% weight) - 

Cl 32 

9-13-93 Wet 1 0.55 0.86 
9-15-93 Wet 2 0.68 1.48 
9-16-93 Wet 3 0.74 1.00 
9-20-93 Dry 1 0.27 0.33 



cum-7 3.3 AMBIENT PM10 CONCENTRATIONS 

The ambient PM10 concentrations were monitored by means of a Anderson 
PM10 Hi-Vol sampler. This instrument has a cyclonic pre-collector for 
particles greater than 10 microns followed by a back-up filter. The ambient 
air flow rates through the samplers were calibrated using an Airdata 
micromanometer. The analyzer was located on the ground near the sampling 
point, in this location, it indicated the PM10 levels in the sampling area. 

This analyzer was turned on immediately prior to the emission test and 
turned off at the conclusion of the test. The PM10 concentrations were 
calculated by dividing the filter catch weights by the total standard cubic 
feet sampled during the on-line time. The PM10 ambient concentration data was 
subtracted from the total PM10 concentration data measured using the Method 
201A sampling train. 
in Table 3-2. 

The data on the ambient PM10 levels have been presented 

TABLE 3-2. 
AMBIENT PARTICULATE CONCENTRATION 

STANDARD GAS CONDITIONS 

Date Run Time 
Minutes 

Grams 
Catch 

PM10 Concentration 
mg/ft3 

9-13-93 251 0.3564 0*07103 
9-15-93 251 0.3564 0*07103 
9-16-93 307 0.5924 0.09784 
g-20-93 213 1.2960 0.29373 

3.4 STONE PRODUCTION RATES 

The individual transfer point stone throughput rates were calculated 
following the formula outlined in Section 2.4.4 of this report. The measured 
test by test stone production rates for both transfer points are presented in 
Table 3-3. 

TABLE 3-3. STONE PRODUCTION DATA 

Date Test Condition Total Processing Rate, 
Tons/Hour 

Cl 32 

9-13-93 1 Wet 530.1 529.2 
9-15-93 2 Wet 427.5 469.8 
9-16-93 3 Wet 530.1 496.8 
g-20-93 1,2,3 Dry 467.4 472.5 
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3.5 PM10 EMISSION FACTORS 

The PM10 emission factors were calculated in accordance with standard 
procedures. The particulate captured on the filter, in the cyclone outlet 
tube, and in the filter inlet housing was weighed and added to yield a total 
capture weight. This value is divided by the standard cubic‘ feet of gas 
sampled to determine the concentration of PM10 particulate matter in the gas 
sampled. The data are expressed in pounds of PM10 per ton of stone put 
through the transfer point. The measured PM10 emission factors for transfer 
point Cl and 32 are presented in Table 3-4 and Table 3-5 respectively. The 
average values for the wet tests are well below the average value for the dry 
tests. This is consistent with general observations during the emission 
tests. During the dry tests, there were visible emissions from the outlet 
dust. No visible emissions were apparent during the wet tests. 

TABLE 3-4. TRANSFER POINT Cl PM10 EMISSIONS 

PM10 Emissions; 
Pounds/Ton 

Dry Stone (< 0.5%) 
Run 1 
Run 2 
Run 3 

Average 0.000282 

Wet Stone (> 0.5%) 
Run 1 
Run 2 
Run 3 

Average 

0.000226 
0.000203 
0.000418 

0.0000610 
0.0001180 
0.0000967 

0.0000919 

TABLE 3-5. TRANSFER POINT 52 PM10 EMISSIONS 

PM10 Emissions; 
Pounds/Ton 

Dry Stone (< 0.5%) 
‘Run 1 
Run 2 
Run 3 

Average 0.001049 

Wet Stone (> 0.5%) 
Run 1 
Run 2 
Run 3 

0.000788 
0.000740 
0.001620 

0.0000176 
0.0000507 
0.0000202 

Average 0.0000295 
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The low emission factors are also substantiated by particle size 
distribution tests conducted by Entropy using dried stone. The size 
distribution data provided in Table 3-6 explains the higher moisture contents 
found on the stone material in transfer point 32. From the table one can see 
32 had a larger percent of smaller particles than Cl therefore the particles 
of 32 had a larger surface area exposed to the wet suppression sprays. This 
explains the lower WET emissions and higher DRY emissions of transfer point 52 
compared to transfer point Cl. 

TABLE 3-6. PARTICLE SIZE DISTRIBUTIONS 

Percent of Total Dry Sample in Specified Range 
For Transfer Point Cl 

Size Range Test 1, Test 2, Test 3 Test 1 
Wet Wet Wet Dry 

> 1.5 Inches 28.1 24.3 11.2 31.9 
> 0.75 Inches 37.5 41.9 30.3 27.8 
> 0.375 Inches 13.8 12.4 19.4 11.0 
> 0.0787 Inches 9.1 10.6 18.1 13.3 
> 150 Microns 8.5 9.1 16.2 12.8 
> 75 Microns 1.5 1.4 2.4 1.7 
> 38 Microns 0.7 0.2 1.3 0.8 
Bottom Pan 0.8 0.1 1.1 0.7 

Moisture Content of 
Sample 
(% Wet Weight) 0.55 0.68 0.74 0.27 

Percent of Total Dry Sample in Specified Range 
For Transfer Point 32 

Size Range Test 1, 
Wet 

Test 2, 
Wet 

Test 3 
Wet 

Test 1 
Dry 

> 1.5 Inches 00.0 00.0 00.0 00.0 
> 0.75 Inches 37.7 21.8 35.9 30.2 
> 0.375 Inches 25.1 29.0 32.7 18.8 
> 0.0787 Inches 18.7 25.1 18.1 26.9 
> 150 Microns 14.1 18.1 9.6 19.4 
> 75 Microns 2.3 2.9 1.8 2.2 
> 38 Microns 1.1 1.6 0.9 1.2 
Bottom Pan 1.0 1.5 1.0 1.3 

Moisture Content of 
Sample 
(% Wet Weight) 0.86 1.48 1.00 0.33 
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4.0 QA/QC ACTIVITIES 

4.1 QC PROCEDURES 

The specific internal quality assurance and quality control procedures 
used during this test program are described in this section. Velocity and 
volumetric flow rate data collection are discussed in Section 4.2. Section 
4.3 discusses QA audits. QC procedures for particulate and percent 
isokinetics are presented in Sections 4.4 and 4.5, respectively. Manual 
equipment calibration is described in Section 4.6. Data validation is 
discussed in Section 4.7. 

4.2 VELOCITY/VOLUMETRIC FLOW RATE DETERMINATION 

The QC procedures for velocity / volumetric flow rate determinations 
follow guidelines set forth by EPA Method 2. 

Flue gas moisture was determined according to EPA Method 4 sampling 
trains. Flue gas moisture content (B,,) was determined by dividing the volume 
(mass) of moisture collected by the impingers by the standardized volume of 
gas sampled. The following QC procedures were followed in determining the 
volume of moisture collected: 

0 

0 

0 

Preliminary reagent tare weights were measured to the nearest 0.1 g. 

The balance 
weighing. 

zero was checked and re-zeroed as necessary before each 

The bal ante was 
for wei ghing. 

leveled and placed in a clean, motionless environment 

0 The indicating silica gel was fresh for each run. 

0 The silica gel impinger gas temperature was maintained below 68OF. 

The QC procedures below were followed regarding accurate sample gas 
volume determination: 

0 The dry gas meter is fully calibrated every 6 months using an EPA 
approved intermediate standard. 

0 The gas meter was read to a thousandth of a cubic foot for the 
initial and final readings. 

0 The meter thermocouples were compared with ambient prior to the test 
run as a check on operation. 

0 Readings of the dry gas meter, meter orifice pressure @H), and meter 
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temperatures were taken at every sampling point. 

Accurate barometric pressures were recorded at least once per day. 

Post-test dry gas meter checks were completed to verify the accuracy 
of the meter full calibration constant (Y). 

The S-type pitot tube was visually inspected before sampling. 

Both legs of the pitot tube were leak checked before and after 
sampling. 

Proper orientation of the S-type pitot tube was maintained while 
making measurements. The roll and pitch axis of the S-type pitot 
tube were maintained at 90" to the flow. 

The pitot tube/manometer umbilical lines were inspected before and 
after sampling for moisture condensate. 

Cyclonic or turbulent flow checks were performed prior to testing the 
source. 

Average velocity pressure reading were recorded at each point instead 
of recording extreme high or low values. 

Pitot tube coefficients were determined based on physical measurement 
techniques as delineated in Method 2. 

The stack gas temperature measuring system was checked by observing 
ambient temperatures prior to placement in the stack. 

4.3 QA AUDITS 

Meterbox calibration audits were performed according to Method 5, section 
4.4. All of the equipment pre-test and post-test results are presented in 
Appendix C. 

4.4 PARTICULATE/CONDENSIBLES SAMPLING QC PROCEDURES 

Quality control procedures for particulate sampling ensure high quality 
flue gas concentrations and emissions data. Flue gas concentrations are 
determined by dividing the mass of analyte (particulate) collected by the 
standardized volume of gas sampled. Sampling QC procedures which ensure that 
a representative amount of the analytes are collected by the sampling system 
include: 

0 The sampling rate is within +20 percent of isokinetic 
for Method 201A. 

0 Only properly prepared glassware is used. 
0 All sampling nozzles were manufactured and calibrated according to 

EPA standards. 
0 Filters are weighed, handled, and stored in a manner to prevent any 

contamination. 
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0 Recovery procedures are completed in a clean environment. 
0 Field reagent blanks are collected. 

4.5 SAMPLE VOLUME AND PERCENT ISOKINETICS 

All sampling runs met the results acceptability criteria as defined by 
Section 6.3.5 of Method 201A. The isokinetic rates are within &20 percent. A 
summary of the sample rates and percent isokinetics is presented in Table 4-1. 

TABLE 4-1. 
AVERAGE DELTA H AND ISOKINETIC RESULTS 

Run # Percent Is0 (X) Delta H (Avg) 

Wet-Cl-M201A-1 93.7 0.555 

Wet-Cl-M201A-2 86.6 0.650 

Wet-Cl-M201A-3 85.3 0.650 

Dry-Cl-M201A-1 89.1 0.640 

Dry-Cl-M201A-2 89.2 0.660 

Dry-Cl-M201A-3 88.3 0.668 

II Run # I Percent Is0 (%) 1 Delta H (Avg) 

I/ Wet-J2-M201A-1 85.8 I 0.651 

I/ Wet-J2-M201A-2 84.8 0.635 

/I Wet-J2-M201A-3 87.6 0.635 

II Dry-J2-M201A-1 86.6 0.639 

(I Dry-J2-M201A-2 87.3 0.639 

/I Dry-J2-M201A-3 87.1 0.639 

4.6 MANUAL SAMPLING EQUIPMENT CALIBRATION PROCEDURES 

4.6.1 Type-S Pitot Tube Calibration 

The EPA has specified guidelines concerning the construction and geometry 
of an acceptable Type-S pitot tube. If the specified design and construction 
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guidelines are met, a pitot tube coefficient of 0.84 is used. Information 
pertaining to the design and construction of the Type-S pitot tube is 
presented in detail in Section 3.1.1 of EPA Document 600/4-770027b. Only 
Type-S pitot tubes meeting the required EPA specifications are used. Pitot 
tubes are inspected and documented as meeting EPA specifications prior to 
field sampling. 

4.6.2 Sampling Nozzle Calibration 

Calculation of the isokinetic sampling rate requires that the cross 
sectional area of the sampling nozzle be accurately determined. All nozzles 
are thoroughly cleaned, visually inspected, and calibrated according to the 
procedure outlined in Section 3.4.2 of EPA Document 600/4-77-027b. 

4.6.3 Temperature Measuring Device Calibration 

Accurate temperature measurements are required during source sampling. 
Bimetallic stem thermometers and thermocouple temperature sensors are 
calibrated using the procedure described in Section 3.4.2 of EPA Document 
600/4-770027b. Each temperature sensor is calibrated at a minimum of three 
points over the anticipated range of use against a NIST-traceable mercury-in- 
glass thermometer. All sensors are calibrated prior to field sampling. 

4.6.4 Dry Gas Meter Calibration 

Dry gas meters (DGM's) are used in the sample trains to monitor the 
sampling rate and measure the sample volume. All DGWs are fully calibrated 
to determine the volume correction factor prior to their use in the field. 
Post-test calibration checks are performed as soon as possible after the 
equipment has been returned as a QA check on the calibration coefficients. 
Pre- and post-test calibrations should agree within 5 percent. The 
calibration procedure is documented in Section 3.3.2 of EPA Document 600/4-77. 
237b. 

Prior to calibration, a positive pressure leak check of the system is 
performed using the procedure outlined in Section 3.3.2 of EPA Document 600/4- 
77-237b. The system is placed under approximately 10 inches of water pressure 
and a gauge oil manometer is used to determine if a pressure decrease can be 
detected over a one-minute period. If leaks are detected, they are eliminated 
before actual calibrations are performed. 

After the sampling console is assembled and leak checked, the pump is 
allowed to run for 15 minutes to allow the pump and DGM to warm-up. The valve 
is then adjusted to obtain the desired flow rate. For the pre-test 
calibrations, data are collected at orifice manometer settings (AH) of 0.5, 
1.0, 1.5, 2.0, 3.0 and 4.0 inches H,O. Gas volumes of 5 ft3 are used for the 
two lower orifice settings, and volumes of 10 ft3 are used for the higher 
settings. The individual gas meter correction factors (Vi) are calculated for 

i*l*r each orifice setting and averaged. The method requires that each of the 
individual correction factors fall within +2 percent of the average correction 

18 



factor or the meter is cleaned, adjusted, and recalibrated. For the post-test 
calibration, the meter is calibrated three times at the average orifice 
setting and vacuum used during the actual test. The meter box field 
calibration data is presented in Table 4-2. 

Table 4-2. Meter Box Calibration Audit 

Meter Box Pre-Audit Allowable Error Calculated 
Number Value 

Acceptable 
Gamma 

N-37 1.0099 0.9695<Y<1.0503 0.9941 

N-19 1.0015 0.9614<Y<1.0416 1.0188 

Yes 

Yes 

4.7 DATA VALIDATION 

All data and/or calculations for flow rates, moisture content, and 
isokinetic rates made using a computer software program are validated by an 
independent check. All calculations are spot checked for accuracy and 
completeness. 

In general, all measurement data are validated based on the following 
criteria: 

0 Process conditions during sampling or testing. 
0 Acceptable sample collection procedures. 
0 Consistency with expected other results. 
0 Adherence to prescribed QC procedures. 
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