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1.0 SUMMARY

1.1 TEST PROCEDURES AND RESULTS

The U.S. Environmental Protection Agency (EPA), Emission Measurement
Branch (EMB) issued a work assignment to Entropy Environmentalists, Inc.
(Entropy) to develop and conduct a set of emission tests at two limestone
crushing plants to determine the PM10 emission factors. The specific sources
tested were a 4.5 foot shorthead cone crusher (4.5 crusher) and an 8 by 20
foot vibrating screen. The plants selected by the EPA Task Manager were the
Vulcan Materials Company, Maryville and Bristol, Tennessee Plants. This report
will reflect the tests conducted at the Bristol, Tennessee Plant. .

The primary objective of the tests 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 20]A. This
procedure utilizes an extractive sampling train consisting of a cyclonic
precollector to remove the greater than 10 micron particles, fo!lowed by_a
filter. To use Method 20lA, it was necessary to design a fugitive emission
capture system to collect the PM10 particle laden gas stream.

A Quasi-stack system was used to conduct emission tests on the inlet and -
outlet of the 4.5’ crusher. Small enclosures were built at both the inlet and
outlet locations. Clean make-up air from HEPA filters was blown into each
enclosure at a rate approximately equal to the exhaust gas stream flow rate
being drawn to the emission sampling location. Using this testing approach,
all of the PM10 emissions from the crusher inlet and outlet were efficiently
captured and adjacent sources of PM10 emissions did not affect the results.

The vibrating screen emission tests were conducted using a track-mounted
hood system. The hood has dimensions of 2 feet by 2 feet and was mounted
approximately 8 inches above the upper screen deck of the vibrating screen.

The small scale and the mounting position of the hood ensured that the normal
PM10 emissions were not significantly influenced by the presence of the hood.
The capture velocity in the hood was set by adjusting the variable speed DC
motor of the tubeaxial fan installed on the hood outlet duct. The hood capture
velocity was selected based on observations of the fugitive dust capture
characteristics of the hood. This testing approach is an adaptation of the
conventional "roof monitoring" technique for fugitive emission testing.

The PM10 emissions were tested using EPA Method 201A. The tests were
divided into two sets: stone moisture levels greater than 1%, and stone
moisture levels less than 1%. The results of the PM10 emission tests are
presented in Table 1. The emission rates determined during both series of
tests on the 4.5’ cone crusher and the vibrating screen were low. The wet
stone emission factor results are entirely consistent with the zero visible
emissions operating conditions observed during all of the wet tests. Stone :
samples obtained during each of the tests were also analyzed and found to have.
very low levels of material below approximately less than 10 microns.



TABLE 1. CRUSHER PM10 EMISSIONS

PM10 Source Stone Moisture PM10 Emissions Control
(% Weight) (Pounds/Ton) Efficiency
Crusher (€ 1%) 0.002917
(> 1%) 0.001055 63.8 %
Vibrating Screen (< 1%) 0.018393
(> 1%) 0.001222 93.4 %

1.2 KEY PERSONNEL

The U.S. EPA EIB Project Manager for this project was Mr. Dennis Shipman. .
Mr. Solomon Ricks served as the U.S. EPA EMB Project Manager. The Entropy
Project Director was Dr. John Richards, P.E. The Entropy project manager was
Mr. Todd Brozell. The tests were coordinated through the assistance of Mr.
Allen Blake P.E. of Vulcan Materials, Inc. The tests were observed by Mr.
Steve Whitt of Martin Marietta. A summary of the key personnel and their phone
number are provided in Table 2. |

TABLE 2. KEY PERSONNEL

Telephone Numbers

U.S. EPA, Emission Inventory Branch

Mr. Dennis Shipman (919) 541-5477
U.S. EPA, Emission Measurement Branch

Mr. Solomon Ricks (919) 541-5242
Vulcan Materia1s, Inc.

Mr. Allen Blake P.E. (615) 579-2938
National Stone Association

Mr. Bill Ford P.E. (202) 342-1100
Martin Marietta

Mr. Horace Wilson (919) 781-4550

Mr. Steve Whitt (919) 781-4550
Entropy Environmentalists, Inc.

Mr. Todd Brozell (919) 781-3550

Dr. John Richards P.E. (919) 781-3550




2.0 PLANT AND SAMPLING LOCATION DESCRIPTION

2.1 PROCESS DESCRIPTION AND OPERATION

A 4.5 shorthead cone type tertiary crusher was tested at the Brigtol.
Tennessee plant. This receives the oversize stone from a 8’ x 20’ triple deck
vibrating screen downstream from the secondary surge pile and 4.25' standard
crusher. The stone is feed to the tertiary crusher by means of a conveyor.
The stone is discharged into a feed hopper which serves the 4.5’ shorthead cone
crusher (equipment number & in Figure 1). There were very limited free fall |
distances from the feed conveyor to the feed hopper to the shorthead crusher.
The crusher discharges the crushed stone onto a conveyor leading to the 8’ X

20’ vibrating screen.

The inlet to the shorthead crusher was defined as the discharge of the
feed hopper to the shorthead crusher vessel. This area, having a height of
approximately 4 feet above the platform, was enclosed with galvanized steel
flashing to allow capture of the PM10 emissions caused by the stone-to-stone
attrition during movement of the stone. The gas velocities around the layers
of stone were maintained at gas flow rates equivalent to 1 to 5 mph.

The discharge point of the shorthead tertiary crusher is the same
conveyor that feeds the 8’ X 20’ vibrating screen. The discharge point is
enclosed approximately 4 feet upstream and downstream of the shorthead
discharge point. The discharge of the shorthead crusher was defined as the
total enclosure surrounding the conveyor underneath the crusher.

The vibrating screen at the Bristol, Tennessee plant of Vulcan Materials
Company consists of one 8’ x 20’~ triple deck screen (equipment number 4 in
Figure 1). This screen receives stone from the conveyor underneath the 4.5’
shorthead crusher and the 4.25’ standard crusher as seen in Figure 1. The
vibrating screen source was defined as the 8 foot wide, 20 foot long open,
sloped surface above the upper screen deck. There is approximately a 12 inch
freeboard above the upper screen to reduce wind entrainment of dust. The area
traversed as part of this test program was the sloped surface parallel to the
top of the freeboard.

The stone flow to the vibrating screens and the 4.5’ crusher is termed
“closed circuit® since oversized material containing some fines adhering to the
surface can recirculate through the vibrating screen and 4.5’ crusher until the
stone is crushed small enough to fall through the vibrating screen. The
oversized material remaining on the top screen goes to the inlet of the 4.5’
crusher. The total quantity of oversized material entering the 4.5’ crusher
was approximately 280 tons per hour. The stone feed rates to the vibrating
screen was approximately 425 tons per hour.
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Figure 1. Simplified Process Flowchart




2.2 FUGITIVE DUST CONTROL

Wet suppression is used for fugitive dust control of the 4.5’ shorthead
crusher, and the vibrating screen. There are water spray nozzles located in
the feed hopper to the 4.5’ crusher and on the exit of the crusher. Over-
wetting of the rock can cause blinding of the lower screen or blockage of the
fines discharge chute underneath the triple deck vibrating screen. During
these emission tests, the plant experienced no screen blinding conditions.

2.3 SAMPLING AND EMISSION TESTING PROCEDURES

2.3.1 Fugitive Emission Test Approach

Since there are no air pollution control devices on the vibrating screen '
or the 4.5’ crusher, fugitive emission testing procedures were needed to
capture and measure the PM10 emissions. Entropy considered the criteria listed
in Table 3 in designing the test program. Entropy evaluated alternative
testing procedures during site visits by Entropy personnel. The emission
testing techniques which are generally applied to fugitive dust emission
sources include,

o Upwind-downwind profiling,
¢ Roof monitor sampling, and
e Enclosures and Quasi-stack sampling.

Vibrating Screen Testing Alternatives
The roof monitoring approach of fugitive emission testing appeared to be

the most applicable technique for the vibrating screen at the Bristol plant.
This involved the sampling at a horizontal array of sampling points above the
surface of the emission source. However, an adaption of the general procedure
was necessary due to the lack of a partial enclosure to serve as the roof
monitor and due to the swirling gas flows created by wind leakage around the
screen enclosure. Accordingly, Entropy designed and installed a track-mounted
hood system for fugitive emission capture. By using this track-mounted hood
version of roof monitor sampling, it was possible to accurately capture and
measure the PM10 emissions without influencing the PM10 emission rates from the
screen surface. :

Upwind-downwind profiling techniques involve measurement of the increase -
in PM10 concentrations as a gas stream passes over or around the source being
evaluated. This is usually performed using ambient PM10 monitors in upwind and
downwind locations. Entropy concluded that this approach was not applicable to
the vibrating screen at the Bristol, Tennessee plant because of the height and
inaccessibility around the vibrating screen. Also, there were a number of ‘
possible sources immediately upwind and downwind of the vibrating screen.

These sources included crushers, conveyors and conveyor transfer points, and
commercial product haul roads. It would be impossible to isolate the vibrating
screen from these nearby sources using an upwind-downwind testing procedure.

The quasi-stack method would involve the construction of a temporary
enclosure around the.vibrating screen and the installation of a duct and fan
system for gas handling. Entropy rejected this approach primarily because of



Table 3. FUGITIVE EMISSION CAPTURE
SYSTEM DESIGN CRITERIA

o The capture system should not create higher-;han-actua1 PM10
emission rates due to high gas velocity conditions near the

point of PM10 particle entrainment.

e The capture system should not create a sink for PM10 emissions.

e The capture system should isolate the process unit being tested
from other adjacent sources of PM10 emissions.

e The capture system should not create safety hazards for the
emission test crew or for plant personnel. It should not
create risks to the plant process equipment.

e The capture systems should not obstruct routine access to the
process equipment by plant personnel . |

e The capture system and overall test procedures must be economical,
practical, and readily adaptable to other plants so that these
tests can be repeated by organizations wishing to confirm or
challenge the emission factor data developed in this project.

the extremely high gas flow rates necessary. To simulate the identical
emission conditions for typical wind speeds at the plant wouid require gas flow
rates between 13,200 and 52,800 actual cubic feet per minute (ACFM), Ductwork
with a diameter between 4 and 6 feet would be necessary to carry this large gas
flow at velocities where PM10 losses would be minimized. Since the vibrating
screen is on a relatively small platform 30 feet above the ground, this
ductwork would have to be quite long and carefully supported. This approach
would be prohibitively expensive. Other disadvantages include:

e It would be extremely difficult to simulate actual wind speeds and
wind approach angles using make-up air.

e An enclosure restricts plant operations personnel’s access to
the vibrating screen

o Construction safety risks are possible due to the lack of access and ?
due to the rotating equipment in restricted areas.



. 4.5’ Crusher Inlet and Outlet Testing Alternatives .
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 4.5’ crusher. This approach allowed jsolation of the 4.5’ crusher from -
the other fugitive dust sources in the immediate vicinity. ‘

The quasi-stack method required the construction of temporary enclosures
around the inlet and outlet of the 4.5’ crusher and the installation of a duct -
and fan system for gas handling. Since the PM10 emissions are genergted
primarily by stone-to-stone attrition in the crusher and during falling, the
use of an enclosure does not influence the rate of PM10 emissions.

The roof monitoring approach of fugitive emission capture involves the
sampling at a horizontal array of sampling points above the surface of the
emission source. This approach was rejected because there was no logical means
to sample in the area immediately above the crusher inlet or outlet. The ‘
emission profiling technique was also rejected for the crusher emission points
since there were a number of other possible PM10 sources in the immediate
vicinity of the crusher.

2.3.2 PM10 Emission Testing Procedure

Screen Testing Equipment
The track-mounted hood system used for sampling the vibrating screen

consisted of a 2 foot by 2 foot aluminum hood suspended 8 inches above the

. upper deck of the vibrating screen. The position of the hood above the stone
is shown in Figures 2 and 3. This hood position was close enough to the upper
screen deck to ensure good emission capture but not so close that the entering
air stream caused greater-than-actual PM10 emissions. A variable speed DC- ‘
driven tubeaxial fan controlled the capture velocity of the air entering the
hood. This velocity was set at 150 feet per minute based on the hood capture
characteristics observed using smoke and lightweight strips of fabric. This
velocity is higher than the 50 feet per minute minimum capture velocity
specified in reference 9 for vibrating screens.

The top area of the vibrating screen was divided into a 4 by 7 array of
sampling locations, each of which was 2 feet by 2 feet in size. The only area
not sampled was the 6-foot strip across the upper inlet side of the vibrating
screen where the stone feed dumps onto the top of the screen. Positioning the
hood in this location would have artificially increased PM10 emissions and
caused rapid abrasion of the hood. PM10 from the inlet chute area of the
screen are captured as the hood traverses the uppermost portions of the screen.

Entropy sized the ductwork from the hood to the sampling location for an.
average gas flow velocity less than 1000 feet per minute. This transport
velocity is well below the 3500 to 4500 feet per minute velocity used to size |
commercial ductwork in stone crushing plants and other facilities handling :
large diameter dusts®®. The purpose of the high velocities in commercial ducts
is to ensure that large diameter dust particles do not settle and accumulate in
the ductwork over long time periods. PM10 sized dust particles have negligible

. gravity settling rates in the gas stream residence times in the ducts.



Figure 3. Front View of Traversing Hood and Vibrating Screen




Dust accumulation in the ductwork was not a problem during this study
since the hood operating times were relatively short and the flexible duct was .
cleaned regularly. The 1000 feet per minute duct velocity 1imit is advan-
tageous since this limits the impaction of particles less than 10 microns on
the side walls of the hood elbow and the side walls of the flexible duct. ‘
Also, the low gas transport velocity limits any formation of PM10 emissions due
to the movement of the gas stream over the surfaces of large diameter particles
entrained in the gas stream or settling on the bottom of the duct.

4.5’ Crusher Testing Equipment
The inlet to the 4.5’ crusher was defined as the discharge of the feed

hopper into the crusher vessel. This area, having a height of approximately 2
feet, was enclosed with galvanized steel flashing to allow capture of the PM10
emissions caused by the stone-to-stone attrition during movement of the stone.
The discharge point of the 4.5’ crusher is a conveyor leading to the triple
deck vibrating screen. The discharge point was enclosed approximately 4 feet
upstream and downstream of the 4.5’ crusher discharge point. There are water
spray nozzles on the feed hopper and the downstream side of this conveyor.
Figure 4 shows a side view of the 4.5’ crusher.

Enclosures were built around the inlet and outlet of the crusher. The
inlet enclosure measured approximately 14" high with a 54" diameter, the outlet
measured approximately 9'H X 12’D X 8'W. The enclosure outiet ducts were *
combined into a single 1 foot diameter outlet duct. The single one foot \
diameter duct was used as a combined sample point for both the inlet and outlet
of the crusher. The one foot diameter duct was then increased to a two foot

T——

Figure 4. Side View of 4.5’ Crusher




diameter duct, to allow use of a two foot diameter SCR driven tubeaxial fan.
Filtered air was supplied to each of the enclosures by means of HEPA_(h1gh
efficiency particulate absolute) filters and cegtr1fuga1 fans, see Figure 5.

Use of HEPA make-up air ensured that PN10 emissions measured in the outlet duct’
were generated by the unit being tested rather than from adjacent sources. The
air flows from each enclosure were set by adjusting the variable speed.Dc motor
of the tubeaxial fan installed on the combined outlet duct. The mounting
positions of the inlet and outlet ducts on the enclosures ensured that the
normal PM10 emissions were not significantly influenced by air flow patterns.

Views of the crusher inlet after installation of the enclosure are |
provided in Figures 6 and 7. In Figure 6, the flexible duct delivers the HEPA
filtered make-up air to the enclosure and the duct in Figure 7 takes Pnlo-ladenz

Figure 5. 4.5’ Crusher Hepa Filtered Air Makeup

air to the emission testing location. The crusher outlet ducts are shown in
Figures 8 and 9. In Figure 9, the horizontal duct in the photographs contains
the PM10 emissions from the inlet and outlet enclosures and the vertical duct
contains the PM10 emissions descending from the inlet enclosures. The gas
streams are joined at the duct TEE shown on the bottom of Figure 9.

The combined gas flow from the inlet and outlet enclosures was controlled
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 :

10



Figure 6. Side View of Crusher Inlet and outliet Enclosure

Figure 7. Crusher Inlet Enclosure, Outlet Duct
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Figure 8. Crusher Outlet Ducts and Fan

increase the PM10 emissions.

PM10 Sampling Equipment
EPA Reference Method 201A was used to monitor the PM10 emissions from the

4.5’ crusher. This 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 "S$"-
type pitot tube was not mounted on the P10 sampler probe. Gas velocities were
determined prior to the emission tests. i

Particulate matter larger than 10 microns in diameter is collected in the
cyclone located immediately 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.

PM10 sampling was performed in a 1-foot (inlet / outlet location)
diameter smooth wall duct mounted directly off the enclosures of the crusher.
The 4-inch diameter sampling port was located 8 duct diameters downstream of
the inlet / outlet tee junction and 2 duct diameters upstream of the 2 foot fan
duct. Sampling in the vertical direction across the ducts was not possible

12



Figure 9. Crusher Inlet and
Outlet Exhaust Ducts

since dust collected in the cyclone could be resuspended and pass through to
the filter. The sampling nozzles were selected to provide 80 to 120% :
jsokinetic conditions. The cyclone and nozzle assembly were mounted within the
duct during sampling.

The particulate samples were recovered using the procedures specified in@

Method 201A. The material from the filter, cyclone outlet tube, and filter
inlet housing were combined to determine the total PM10 catch weight.

13



2.4 MONITORING OF PROCESS OPERATING CONDITJIONS

There are a number of process variables and weather gonditions which
could conceivably influence PM10 emission rates from the vibrating screen:

Stone moisture level

Stone size distribution
Stone silt content

screen stone feed rates
Stone friability

Stone hardness and density

A1l 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 limestone is the
only type of stone processed at this plant.

2.4.1 Stone Moisture Level

Two stone samples were removed during each of the emission tests. In
all cases, this sample consisted of a 2 linear foot sample of stone from the
main conveyor leaving the 4.5’ crusher and a sample from the conveyor leaving
the 6’ X 16’ vibrating screens. The conveyors were 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. The samples were
weighed and multiplied by the conveyor speed to yield a stone production rate
in tons per hour.

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 vibrating screen sample ‘
area. It was operated only during the time periods that PM10 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 and subtracted from the vibrating screen
emission rates. This data however was not used in the emissions calculations .
for the 4.5’ crusher due to the enclosures and HEPA filtered make-up air.

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 and silt content. The initial sample
quadrants used for moisture analysis were also used for analysis by ASTM sizing
screens. The sample of approximately 2 pounds was heated to 350 Fahrenheit for

14



. 30 minutes to drive off the moisture, then allowed to cool, then loaded into
the top pan. The screen size mesh openings included:

37.5 Millimeters
19.0 Millimeters
4.75 Millimeters
2.00 Millimeters
150 Microns

75 Microns

38 Microns
Bottom Pan

The 1oaded 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 4.5’ crusher has been defined by Entropy
as the total volume of stone entering the 4.5’ crusher. The volume of stone in
tons for a particular test was calculated by removing and weighing a 2 foot |
section of the stone from the conveyor entering the 4.5’ crusher. This amount
in pounds/feet was then multiplied by the speed of the conveyor in feet/minute

. (380 fpm crusher feed, 430 fpm screen feed) 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 was also performed for the screen :
production rates. This calculation is shown below:

4.5 Crusher
(Pounds Stone per 2 FT) X (380 FT per Minute)
- Pounds Stone per Minute
(Pounds Stone/Minute) X (60 Minutes/Hour) X (Ton/2000 Pounds)

= Tons of Stone/Hour

8’ X 20’ Vibrating Screen
(Pounds Stone per 2 FT) X (430 FT per Minute)
= Pounds Stone per Minute

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

15



3.0 TEST RESULTS

3.1 OBJECTIVES AND TEST MATRIX

The objective of this test program was to determine the PM10 emission
factors for a shorthead 4.5’ crusher and a vibrating screen at a lime stone
crushing plant. The test program concerned both wet and dry stone conditions.

The specific objectives included the following:

e Capture the PM10 emissions from the inlet and outlet of a
4.5’ crusher without significantly affecting the emission rate.

e Capture the PM10 emissions from the vibrating screen
without significantly affecting the emission rate.

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

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

e Measure the stone moisture content, stone feed rate, stone size
distribution, and stone siit content.

3.2 STONE MOISTURE LEVELS

The stone moisture levels for the PM10 emission factor tests are
presented in Table 4. The moisture criteria proposed in the Test Plan were:
dry condition - less than 1%, and wet conditions - equal to or greater than 1%.
The actual values during the tests were consistent with these criteria. :

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.

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 precollector for particles
greater than 10 microns followed by a back-up filter. The analyzer was located
on the ground on the near the vibrating screen platform. In this location, it:
indicated the ambient PM10 levels in the vibrating screen 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
;eﬁ? sgmpled during the on-line time. The ambient PM10 levels presented in

able 5.
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TABLE 4. STONE MOISTURE LEVELS

Date Conditions Test Moisture Content
(% weight)
6-16-93 Dry 1 0.88
6-16-93 Dry 2 0.88
6-16-93 Dry 3 0.88

——

Average 0.88

6-14-93 Wet 1 1.74
6-15-93 Wet 2 2.24
6-15-93 Wet 3 2.24
Average 2.073

TABLE 5.

AMBIENT PARTICULATE CONCENTRATION
STANDARD GAS CONDITIONS

Time Milligrams HiVol#l

start Stop Catch mg/ft® Dry
6-14-93 09:16 15:16 200.4 0.0294
6-15-93 07:40 14:37 135.3 0.0173
6-16-93 08:15 12:10 197.7 0.0472

3.4 STONE PRODUCTION RATES

The 4.5’ crusher and vibrating screen stone processing rates were
calculated following the formula given in Section 2.4.4 of this report. The
calculated stone production rates for the East vibrating screen during the
tests are presented in Table 6.

TABLE 6. STONE PRODUCTION DATA

Date Test Condition Vibrating Screen Crusher

Processing Rate, Tons/HR

6-14-93 1 Wet 435 234
6-15-93 2,3 Wet 415 285
6-10-93 1,2,3 Dry 419 325
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3.5 PM10 EMISSION FACTORS

The PM10 emission factors were calculated in accordance with the
procedures illustrated in the example calculation of Appendix B. 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 total PM10 emissions from the vibrating screen were determined by
multiplying the constant gas flow rate (standard conditions) of the hood-fan
system times the 40 separate sampling locations. The total gas flow rate from
the vibrating screen was multiplied by the measured PM10 concentration to yield

the total PM10 emission rate.

The data are expressed in pounds of PM10 per ton of stone processed
through the crusher and vibrating screen. The production rate was calculated
as described in section 2.4.4. The measured PH10 emission factors for both the
4.5’ crusher and the vibrating screen are presented in Table 7. 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 vibrating screen. No
visible emissions were apparent during the wet tests.

TABLE 7. VIBRATING SCREEN AND 4.5’ CRUSHER PM10 EMISSIONS
PM10 Emissions; Pounds/Ton

Dry Stone (< 1) 5.5’ Crusher Screen
Run 0.00185 0.00668
Run 2 0.00285 0.01550
Run 3 0.00405 0.03300
Average 0.00292 0.01839

Wet Stone (> 1)
Run 1 0.001660 0.002250
Run 2 0.000849 0.000776
Run 3 0.000655 0.000639
Average 0.001055 0.001222

The emission factors measured during the emission test program are well
be!ow.prev1ously reported emission factors for total particulate matter®’. The
emission factors applicable to total particulate emissions cannot be compared
with PM10 emission factors. The PM10 fraction of the total particulate f
emissions should be relatively low since very high energy levels are needed to.
cause stone agtritjon to the 10 micron range. It is unlikely that the 4.5’ |
crusher and vibrating screen are creating substantial quantities of PM10
particulate. This is indicated by particle size distribution tests conducted

18



. by Entropy using dried stone. The size distribution data is provided in Table 3;
g-1 and Table 8-4. As indicated in the wet stone had near negligible levels of

dust in the less than 75 micron size range.

TABLE 8-1. PARTICLE SIZE DISTRIBUTIONS
FOR DRY RUNS

Fraction of Sample in Specified Range

Size Range Test 1,2,3
Dry

> 37.5 Millimeters 0
> 19.0 Millimeters 0.280
> 4,75 Millimeters 0.358
S 2.00 Millimeters 0.255
% 150 Microns 0.083
» 75 Microns 0.009
% 38 Microns 0.006

Bottom Pan 0.009

. TABLE 8-2. PARTICLE SIZE DISTRIBUTIONS
FOR WET RUNS
Fraction of Sample in Specified Range
Size Range Test 1, Test 2,3
Wet Wet

> 37.5 Millimeters 0 0
% 19.0 Millimeters 0.150 0.354
> 4.75 Millimeters 0.313 0.279
5> 2.00 Millimeters 0.372 0.205
> 150 Microns 0.145 0.121
% 75 Microns 0.011 0.015
> 38 Microns 0.005 0.016

Bottom Pan 0.006 0.011
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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 js 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. g

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:

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

e The balance zero was checked and re-zeroed as necessary before each
weighing.

e The balance was leveled and placed in a clean, motionless environment
for weighing. ‘

e The indicating silica gel was fresh for each run.

e The silica gel impinger gas temperature was maintained below 68°F.

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

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

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

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

o Readings of the dry gas meter, meter orifice pressure (AH), and meterf
temperatures were taken at every sampling point. :
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e Accurate barometric pressures were recorded at least once per day.

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

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

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

e 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 fiow. ‘

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

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

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

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

o 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. A1l of the equipment pre-test and post-test results are presented in
Table 9.

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
rep;eﬁentative amount of the analytes are collected by the sampling system ‘
include:

e The sampling rate is within 20 percent of jsokinetic (100 percent).

e Only properly prepared glassware is used. :

e A1l sampling nozzles were be manufactured and calibrated according to-
EPA standards. f

e Filters are weighed, handled, and stored in a manner to prevent any
contamination.

e Recovery procedures are completed in a clean environment.

e Field reagent blanks are collected.
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4.5 SAMPLE VOLUME AND PERCENT ISOKINETICS

A1l sampling runs met the results acceptability critefia.as defined by 3
section 6.3.5 of Method 201-A. The jsokinetic rates are within £20 percent. A/
summary of the sample volume and percent isokinetics is presented in Table 9.

TABLE 9.
AVERAGE DELTA H AND ISOKINETIC RESULTS

Run # Percent Iso (%) Delta H (Avg)
D-2-C-M201A-1 107.5 0.55
D-2-C-M201A-2 104.4 0.53
D-2-C-M201A-3 104.5 0.53
W-2-C-M201A-1 102.3 0.57
W-2-C-M201A-2 111.2 0.58
W-2-C-M201A-3 108.2 0.57

Run # Percent Is (%) Delta H (Avg)
D-2-5-M201A-1 98.0 0.67
D-2-$-M201A-2 100.2 0.67
D-2-$S-M210A-3 | 98.4 0.67
W-2-5-M201A-1 91.7 0.65
W-2-5-M210A-2 87.3 0.66
W-2-5-M201A-3 86.3 0.66

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 .
guidelines are met, a pitot tube coefficient of 0.84 is used. Information :
pertaining to the design and construction of the Type-$ pitot tube is presented
in detail in Section 3.1.1 of EPA Document 600/4-77-027b. Only Type-$S pitot
tubes meeting the required EPA specifications are used. Pitot tubes are
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inspected and documented as meeting EPA specifications prior to field samp1ing.%

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. A11 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
600/4-77-027b. 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. Al1 DGM’'s 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 (MH) of 0.5,
1.0, 1.5, 2.0, 3.0 and 4.0 inches H,0. Gas volumes of 5 ft° are used for the
two lower orifice settings, and volumes of 10 ft® are used for the higher
settings. The individual gas meter correction factors (Y,) are calculated for {
each orifice setting and averaged. The method requires that each of the :
individual correction factors fall within +2 percent of the average correction’
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 calibration data is ”
presented in Table 10.

23



Table 10. Meter Box Calibration Audit

Meter Box Pre-Audit | Allowable calculated Acceptable
Number Value Error Gamma
NU-7 0.9850 0.9456<Y<1.0244 1.0088 Yes
EN-2 0.9831 0.9438<Y<1.0224 0.9796 Yes

4.7 DATA VALIDATION

A1l data and/or calculations for flow rates, moisture content, and
jsokinetic rates made using a computer software program are validated by an
independent check. A1l calculations are spot checked for accuracy and

completeness.

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

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

ASTM: American Society for Testing & Materials

Aggregate: in the case of materials of construction, essentially inert
materials which, when bound together jnto a conglomerated mass by a
matrix, form concrete, mastic, mortar or plaster; crushed rock or gravel
sereened to size for use in road surfaces, concrete or bituminous mixes;
any of several hard materials such as sand, gravel, stone, slag, cinders
or other inert materials used for mixing with a cementing material to form
concrete. Aggregate, in a surface course in the building of roads is
often called a "road metal®.

Conveyor belt: a rubberized belt, usually 18" to-GO' wide, used to carry
aggregates.

Crusher (cone): a crusher that is specially designed to produce fines.

Crusher (primary): usually a jaw or gyratory type crusher which reduces
very large rocks to a size that can be processed by a secondary crusher.

Crusher (secondary): any second or third stage crusher that further
reduces the size of stone.

Fines: the smaller particles of aggregates; usually less than .25" in
size.

Ee?d Pulley: the driving pulley, usually at the discharge end of conveyoﬁ
elt.

Ro-Tap screen: trade name for a type of testing screen.

Scalping: a screening operation, removing stone too large for the
crusher. ;

Scalping Screen: removes oversize material.
screen (or sieve): a metallic plate or sheet, woven wire cloth or similar

device, with regularly spaced apertures of uniform size mounted in a
suitable frame or holder for use in separating material according to size.
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FIELD DATA AND RESULTS TABULATION

PLANT: Vulcan Materials, Bristol, TN

SAMPLING LOCATION: Crusher

D=2=C=M2-1 D-2=C=M2-2

Test Date 6/16/93 6/16/93

Run Start Time 742 1139

Run Finish Time 745 1143

Net Traversing Points _ 6 6
cp Pitot Tube Coefficient 0.84 0.84
Pbar Barometric Pressure, Inches Hg 28.5 28.5 Aveéage
Pg Flue Gas Static Pressure, Inches H20 -0.55 -0.55 —:8:;;6
Ps Absolute Flue Gas Pressure, Inches Hg 28.46 28.46 25.46
ts Flue Gas Temperature, Degrees F 63 80 E 72
Delta~p Average Velocity Head, Inches H20 0.3136 0.3850 0.4484 *

. * Represents the square of the average square root of the "Delta-p"




FIELD DATA AND RESULTS TABULATION

PLANT: Vulcan Materiale, Brietol, TN

SAMPLING LOCATION:

Pbar

Delta H

Vwatd
$H20

SH208AT

Pg

Pa

Dalta-p

ton/hr

Cn:shar

D-2-C-M201A-1 D=2~C-M201A-2

D=2~C=M201A-3

Tegt Date

Run Start Time
Run Finish Time

Net Traversing/Sampling Polnts
Net Run Time, Minutes

Nozzle Diameter, Inches

Pitot Tube Coefficient

Dry Gas Mster Calibration Factor
Baromatric Pressure, Inches Hg

Avg. Praessure Diffaerential of
Orifice Mater, Inches H20

Volume of Meotersd Gan Sample, Dry ACF
Dry Gas Motor Temperature, Degrees F
Volume of Motered Gaa Sample, Dry SCP*

Total Volume of Liquid Collected
in Impingers & SBilica Gel, mL

Volume of Water Vapor, SCF*

Moisture Content, Percent by Volume
Moisture Sat. @ Flua Gas Conditions, %
Dry Mole Praction

Carbon Dicxide, Percent by Volums, Dry
Oxygen, Parcent by Volume, Dry

Gas Molocular Weight, Lb/Lb-Mole, Dry
Gas Molecular Weight, Lb/Lb-Mole, Wet
Flue Gas Statié Pressure, Inches H20
Absolute Flue Gas Pressure, Inches Hg
Volumetric Air FPlow Rate

Flue Gas Temperature, Degreas F
Avarage Veloclity Eead, Inches H20
Flue Gas Velocity, Feet per Second
Stack/Duct Area, Square Inches
Volumatrie Air Flow Rats, Dry HSCPM*
Volumetriec Air Flow Rate, Dry SCMM*
Volumetric Ajr Flow Rate, Wat ACEM

Production Rate, tons/hour

* 68 *F (20 * C) ~~ 20.92 Inches of Marcury (Eg).

** Moisture used in calculationa.

6/16/93

813
213

6/1
60
0.198
0.84
0.985
28.5

0.55

26.656
73
24.811

12.1

0.570
2.24
2.78

0.978

20.9
28.84
28.59

=-0.55

20,45

72
0.3484
34.27
113.1
1,490
42
1,615

324.9

(Continued Next Page)

6/16/93

923
1023

6/1
60
0.198
0.84
0.985
28.5

0.53

26.361
86
23,951

12.7

0.598
2.44
2.78

0.976

20.9
28.84
28.57
=-0.55

28.46

72
0.3464
34.28
113.1
1,488
42
1,616

324.9

*k

6/16/93

1033
1133

6/1
&0
0.198
0.84
0.955
20.5

0.53

26.514

23.914

12.3

0.579
2.36 *=*
2.78

0.976

20.9
28.84
28.58
=-0.55

28.46

72
0.3484
34.28
113.1
1,409
42
1,615

324.9



FIERLD DATA AND RESULTS TABULATION

PLANT: Vulcan Matarials, Bristol, TN

. SAMPLING LOCATION: Crusher

D-2-C-M201A~-1 D-2-Q-M201A-2 D-2-C-M2012-3

Porcent Isckinetic

ts Flue Gas Tewperature, Degrees F 67 71 75
Delta-p Avarage Velocity Head, Inches E20 0.31 0.31 0.31
ve Flue Gas Valocity, Feet per Second 32.18 32.31 32.43
I Isckinetic Sampling Rate, Pervent 107.5 104.4 104.5

EM10 Calculations

ucye Stack Gas Viscosity 179.8 179.6 179.7
Qs FM10 Flow, at Cyclone Conditions, ACFM 0.448 0.433 0.432
D50 Dia. of Particles in Cyclone, Microns 10.03 10.27 10.26

Particulate Catch,

mg<D50 £ 10 Microns, Milligrams 75.5 112.7 159.8
mg>D50 > 10 Microne, Milligrams 184.9 431.2 760.3
ng Total Milligrams 260.4 543.9 920.1

Porvent of Total Particulata,

. ®<D50 s 10 Microns 29.0 ) 20.7 17.4

®>D50 > 10 Microns 71.0 79.3 82.6

Particulate £ 10 Microns

Concentration, milligrams/pScP*

mg/DECF Concemtration in Gas Sample 3.04 4.71 6.68
mg/DSCF, A Concentration in Ambjent Air 0.00 0.00 0.00
wg/DECF,ad] Adjusted Concentration in Gas Sample 3.04 4.71 6.66
ib/hr Emiseicn Rate, lb/hr 0.600 0.926 1.32
1b/ten Emiseicn Rate, lb/ton 0.00185 0.00285 0.00405

* 68 ° ¥ (20 * €) -- 29.92 Inches of Merenry (Hg).




AIR FLOW RATE DETERMINATIONS |
Dyy-2- @sA»l'ﬂz :

l/u/da Mﬂ')(fr'a-/ Run No.

Plant Name AL Yy

City/State /?r ‘57Lc= / y eﬁﬂt/ Date ///é/q}
Crv\gh’r h Personnel _JRA TTA. .775

Test Location
parometric Pres. (Pbar) _2X. 5 In Hg Static Pres. (Pg) ~Z- P2 In.:. B0
pitot/orifice 10 DPUS-F = Pitot Coef. (CP) O.8{ pres. cauge Set ID Nu-7

Duct Length/Diameter 12" wiath N4 A

rhermocouple ID _R 2584 Tpecify inches (%) or feet (*)--

vm.ocznm rgamns ORSAT DATA
start-Finis 82 CO+N
griz - 0745 | |ssmitas|anaizaielofe (3) | G2af) | 3ok hoo.a,
P::{m In.Agzo T?;p.
A-1 | 227 |63
2 | 0.27 |63
y | 0% 4% Average
L/ 0. ;q 63 Bag No. Pump
9 10.%5
(6.0 (47| [reom oama, s o
dvg | O v/36 | 67 MOISTURE DATA (WET BULB/DRY BULB)
Dry Bulb|Wet Bulb ‘
77 Port Time °F °p Diff. s H0
/] 7 — .
A ez | £
2 |p-%5 |38l
/ 0. %¢ g0 MOISTURE DATA (STOICHIOMETRIC)
Y 0.45 79 Free Water in Fuel, %
S 0’4# 71 Water from Fuel Combustion, %
é 0.4 l 77 Ambient Water, %
Relative Humidity, %
Ambient Temperature, °F
Total %
VOLUMETRIC AIR FLOW RATES
Dry at Standard Conditions, Qsd = SCFM
Wet at Stack Conditions, Qaw = ACFM
ADDITIONAL DATA
5"9'_' 2.%85 »o '

- = AP average is aquare' of average square root.

F-1033 rev. 7-92 E
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FIELD DATA AND RESULTS TABULATION
PLANT: Vulcan Materials, Bristol, TN
SAMPLING LOCATICN: Crusher
. W-2-C-M2=1 W-2-C-M2-2
Test Date 6/14/93 6/14/93
Run Start Time 855 1521
Run Finish Time 905 1525
Net Traveraihg Pointa 6 6
cp Pitot Tube Coefficient 0.84 0.84
Pbar Barometric Pressure, Inches Hg 28.5 28.5 Avenége
Pg Flue Gas Static Pressure, Inches H20 -0.63 ~0.63 _:E.:g;;
Ps Absolute Flue Gas Pregsure, Inches Hg 28.45 28.45 28.45
ts Flue Gas Temperature, Degrees F 64 76 70
Delta~p Average Velocity Head, Inches H20 0.3475 0.3777 0.31624 *
. * Represents the square of the average square root of the "Delta-p"




FIELD DATA AND RESULTS TABULATION

PLANT: Vulcan Materials, Bristol, TN

SAMPLING LOCATION: Crusher

W=2=C-M2-3 W-2-C-M2-4

Test Date 6/15/93 6/15/93

Run Start Time 722 1420

Run Finish Time 725 4123

Net Traversing Points 6 6
Ccp Pitot Tube Coefficient 0.84 0.84
Pbar | Barometric Pressure, Inchéa Hg 28.63 28.6 Avefage
Pg Flue Gas Static Pressure, Inches H20 -0.55 =0.55 -:8:;;;
Ps Absolute Flue Gas Pressure, Inches Hg 28.59 28.59 24.59
ts Flue Gas Temperature, Degrees F 66 75 ; 71
Delta-p Average Velocity Head, Inches H20 0.3284 | 0.2181 0.5704 *

. * Represents the square of the average Bquére root of the "Delta-p”



FIELD DATA AND RESULTS TABULATION

PLANT: Vulcan Materials, Bristol, TN

SAMPLING LOCATION: Crusher

Pbar

Dalita B

Fg

Ps

Delta-p

va

Cmad

ton/hr

Tast Date

Fan Start Time
Run Finish Time

Net Traversing/Sampling Points
Not Run Timo, Minntes

Nozzle Diamoter, Inches

Pitot Tube Coofficient

Dry Gas Matar Calibration Factor
Barometric Pressure, Inches By

Avg. Pressure Differential of
orifice Mstar, Inches H20

Voluma of Materad Gas Sample, Dry ACF
Dry Gas Meter Temperature, Degrees F
Voluma of Metared Gas Sample, Dry SCF*

Total Volume of Liguid Collected
in Impingers & Silica Gel, mlL

Volume of wWater Vapor, &SCP*

Moisture Contont, Percent by Volume
Mpisture Sat. @ Flue Gas Couditicns, %
Dry Mole Fraction

Carbon Diaxide, Percent by Volume, Dry
Oxygen, Percent by Volums, Dry

Gas Molecular Welght, Lb/LbeMole, Dry
Gas Molecular Weight, Lb/Lb-Mole, Wet
Flue Gas Static Pressure, Inches HZD
Absolute Flue Gas Pressure, Inches Hg
Volumetric Air Flow Rate

Flune Gas Temperature, Degroos F
Average Velocity Head, Iuches H20
Flue Gas Velowity, Feet per Second
Stack/Duct Area, Square Inches
Volumetric Alir Flow Rate, Dry SCFM*
Volumetric Air Flow Rate, Dry sCMM*
Volumetric Air Flow Rate, Wet ACFM

Production Rate, tons/hour

W-2-C«M201A-1 W-2-C-M201A-2 W-2-C-M201A-3

6/14/93

912
1512

6/1
360
0.198
0.84
0.985
28.50

0.57

163.967
88
146.446

56.0

2.636
1.74 **
2.60

0.963

70
0.3624
34.66
113.1
1,529
43.3
1,643

233.70

* 68 ° F (20 ° ¢) -- 29,92 Inches of Marcury (Hg).

** Mpisture used in calculations.

6/15/93

736
1036

6/1
180
0.198
0.84
0.985

28.63

082.509
81
76.012

34.7

1.633

2.10 **

20.9
28.84
28.61
=0.55

28.59

71
0.2704
30.09
113.1
1,319
37.4
1,418

285.00

(Continued Next Page)

6/15/93

1100
1416

6/1
180
0.198
0.84
0,985
28.63

Q.57

8l1.416
91
73.642

3l.3

1.473
1.96 **
2.68

0.980

0
20.9

28,84

28.62

=-0.55

28.59

n
0.2704
30.08
113.1
1,320
37.4
1,418

285.00



FIELD DATA AND RESULTS TABULATION

PLANT: Vulcan Materials, Bristel, TN

SAMPLING LOCATION: Crusher

We2eCaM201A-1 W-2-C-M201A=2 W=-2=C-M201A-3

Percent Isckinetic

ta Flue Gas Temperature, Degreos F 70 67 72
Delta-p Average Velocity Head, Inches H20 0.34 0.30 0.30
va Flue Gas Veloclty, Feet per Second 33.76 31.57 31.71
ST Isokinetic Sampling Rata, Percent 102.3 111.2 108.2

EM10 Caleulations

ucye Stack Gas Viscosity 179.7 179.7 179.8
Qs PM10 Plow, at Cyclone Conditions, ACFM 0.443 0.454 0.439
DS0 Dia. of Particles in Cyclone, Micrans 10.10 9.92 10.16

Particulate Catch,

mg<D50 £ 10 Mierons, Milligrams 284.9 105.4 78.7
mg>D50 > 10 Micronse, Milligrams 454.2 137.7 81.7
mng Total Milligrams 739.1 243.1 160.4

Percent of Total Particulata,
%<D50 $ 10 Microns 38.5 43.4 49.1
$»D50 » 10 Microns 61.5 56.6 50.9

Particulate = 10 Microns

Concentration, milliqrams/DSCF*

wg /DSCF Concentration in Gas Sample 1.919 1,387 1.069
mg/DSCP, A Concentration in Ambient Air 0.00 .0.00 0.00
mg/DECF,ad] Adjusted Concentration in Gas Sample 1.919 1.387 1.0687
1b/hr Emiselon Rate, 1b/hr 0.388 0.242 0.187
1b/ten Emissicn Rate, 1b/ton 0.00166 0.000849 0.000655

* 68 ° F (20 * C) -~ 29.92 Inches of Marcury (Hg).



AIR FLOW RATE DETERMINATIONS

Plant Name Vu /604/ Mﬂ%"'lﬂ /5 Run No. M*'%;f:ulshr-
City/State Broctol  Tewn. pate ___£/1 /93
Test Location C—ru-s ber Personnel J fz lf" T;‘T’B

parometric Pres. (Pbar) _2£. 6  1In. By Static Pres. (Pg) _—O-63 In. B0
pitot/orifice 10 OF “14-E Pitot Coef. (CP) Pres. Gauge Set ID A/ -7

28 puct Length/Diameter J2” Width
Thermocouple 1P K --Specify inches (") or fm (')--

g e e
St -  } L H
pg55 - _£995 Sampling Analysis gz.di‘:; Rgzadj.:; (3-%) (100—-3)
Point AP Temp.
Ro. In. Bp0 | °F
A-l | om | 64
2 | 032 |4
R'-E -LP?-}‘ % ' 0. %4 44 Average
4 0¥ 44 Bag No. Pump
S oqo | ¢4
é 0'7? é’f FYRITE DATA, % CO,
i . “Wes | w75 | 64 MOISTURE DATA (WET BULB/DRY BULB)
Dry Bulb|Wet Bulb
Port Time °F¥ °F Diff. s Hy0
152) = |525 - ‘
A-| | 0% 7%

Pt
et

0S5 |77

2

} 1 O%l 75 NOISTURE DATA (STOICHIOMETRIC)
’7; p.‘-{2/ 4 Free Water in Fuel, %
6

‘Q 29 75 Water from Fuel Combustion, %
0’} ‘7’ 74 - Ambient Water, %

Relative Bumidity, %
Ambient Temperature, °F

Total %
VOLUMETRIC AIR FLOW RATES |
Dry at Standard Conditions, Qad = SCFM
Wet at Stack Conditions, Qaw = ACPM
ADDITIONAL DATA

avg.*| py7e |77

* AP average is aquu.'e’ of average square root.

e ENTROPY



AIR FLOW RATE DETERMINATIONS

Run No. lkz #- 2 - Creshon

Plant Name V “‘Lé!?../\_/ M” 71” ol T M-
pate 4//5 /77

. City/State &r:" I's 7(2/ 4 ’7_6‘4//7. ‘
' Test Location C rash ey Persomnnel R#{ 7 Tﬁ JE

parcmetric Pres. (Pbar) 2f. £% In. . static Pres. (Pg) —2:55_ In. Ez0

pitot/oritice 1 PP UF-F  pitot Coef. (Cp) QL] Pres. Gauge set 10 NN -7
ct lLength/Diameter _J2 width AL
i foiamates L2 %n—

Thermocouple I _K 257 ~-Specify inches (") o
yRocITy TIMTERERS e
start-F 8 83 :
Analysis A B s SCO+N
p7iz__ - 2% | |ssmpling|Aonizeis)ons (o soZafny | 2% (1oa-§)
AP Temp.
chj:ft In. 320 s’;p
% ]L TA-1 | 2.24 |44
Pretedt” "2 1 094 | 44
3 0.%0 Average
I/ 0. '}7 éL_ Bag No. __ Pamp _____
s | o238 144
i |07 44 FYRITE DATA, % COy
. ;4?”9_ p_y_b_(?q VA MOISTURE DATA (WET BULB/DRY BULB)
- Dry Bulb|Wet Bulb
Port Time op oy Diff. s Hy0
|Yz0—~ V423
A-1l .22 | 7§
z i 2 ::; MOISTURE DATA (STOICHIOMETRIC)
3 20 Free Water in Fuel, %
(g 0275 72 Water from Fuel Combustion, %
{ Z "_2_4 7); Ambient Water, %
g-z1l |7 Relative Humidity, %
. Ambient Temperature, °F
'O“j' 0.218] | 77 Total %
VOLUMETRIC AIR FLOW RATES
Dry at Standard Conditions, Qsd = S5CFM
Wet at Stack Conditions, Qaw = ACFM
. ' ADDITIONAL DATA
Avg{‘ o

RS A
* AP average is 8 e of average square root.

F-1053 rev. 7-92 E



-fiet

m \\ths\-.u -2 \+§ Iequny unyg

M\Jm\tuu.._\&\ Nb o ] .\.\~

HV 83 wy N&Ew i WA gejnuiu E6-9 ‘ABI GOTT-d
. . ' ADEHD ANVAT ILSTALLSOd
_ L9 a8 #9 _LPb49) 67% gY0oJ38 QVEH FAOHIY
N @9 | A - F -1 - LS - Ll - . i'5495 ge:eh | a20:4] L4
Zh - i yx4 O ] .vw 7, 50 bhh a2:54 az; 51 IT
Sk ! L5 ac ab AT tbh 00:5) 63 5) (14
£h 1| {8 al | o3 X5 Fh |gyad-ocl | a0:5] 6
hhb ! 23570 Ly 1 5% ¢53Lh o7:55 37. 57 8
<h ] Z3°0 . & (€ el 1Ch 95:5% .31 A
S | Z<a 19 | A % It 9k 00:357 (221 ]
% ] LS 79 g 85 h @]a?vg o351 ]
zh ] LS o — 79 [ £Z ENEYL go-3h | 0:51 5
Zh ! £50 79 | BZ h3htbp 62:0%¢ | 97:41 i3
Z}) ] LS a L9 gz aFglth 5} a'g] ] K4
b IV [ £3°g 59 | &9 | XAR2] aga 74k aw:9d | 20751 -V | T
do do |BH *ur| (BW do do (a9} 3eej STqnd B883NUTH | Be3NUTH juyod
‘dual | ‘3Txm ‘xog |’ebnen| ofH °‘uz ‘dway | *duwey oy *ur sbuypuwey ‘gurtl ‘ewt] a1dureg
auc1aiy|buydu] | xe3T1d |wanows | ‘6utlzes Howis |X9318H ‘Buypusy o368 pesderg TI8MQ
edul}l 8vdH 20F3T20 11 30374 suwp Aag
wﬂ LRl d Xell; vateq < Z -duwey xou3s ﬂ. .o%H % 383
9220 UTl3 ®3teg 3k ‘dwey xe3jeH
. aequny ©1230N T7 5% bBAvy gateq
' Iejeuwetq 201D 0§-3y witeq
T o122 ¥ 5T23%0H0 =JZ5L o 05+ witeaq
PNV JoT'Gd *wia peayseq ZeZ859 3 w3areq 2L[T0 he w,
TITEXT VIWIITES NOIISFTAs a1%oN | " gz/  Pmvwatea | THEE :
Iej0weTq “ON T Rg. awjeuweia ‘ON 3sod {7 @ etdnosowzeyr -~
TFP7 30314 Emm /p . spesp A1tenjov (s)erzzon exd 7 @ ordnoocuwzeyr ~— -~
B 7v _ bug awipel “v7A/ _ dung 3jusio — =7  xog buyiduwg beg pel/edis bujtrduwes ¢H VA7
MQm 2 TeITTTqUN —Zotd eqoxd of1 T=24 4 anopweu 23/3 38933804 ‘303T1d -
. \ D% xog juebway 237°% Q. T BWURD XOqISISH L -V xoqaelen 189381d ‘3037d _—
an 0 aa SYOTHD INERAINOd
"¢ 9 g - OPH °ul ‘eansseig oy3eIs {90.c ~OI677 ‘cum/°-3d 971qnd ‘e3wy YeeT ulwil
— <Xz bOH ‘ul ‘eanssexg ojxjeworeg - 7 — &7  BH °"ul ‘umnouvp }OoBYD ST UTVILs
577a5 aequny qop g1 suyosy TS aepea] weel I, k.. 1/9 o3vg
-/ 5] do3g sutl 1y §7 A uot3iwd0o] Bujidumsg
—ZICo 3938 SWTL MA ol TS/ 4g — — e3eas/i3rd

sweN Juwid

yd3

USTTO

VLVAd a71a1d (01-Wd) VI0Z AOHLIAN




€6-5 "A®X €OTT~d
| ¥OZHO ANIAT ISITLSOS
e S =doiEd QUIH ZAOWI

LTa3LE ek

EEEEEEEEEEEEEEEEEEEERE EEEREEE

" LT 2 ] Z 70 7 005k ;3] 7
Sh 1 2390 | 3L Lt GO R 70:3j
Jh ] L3 LZ | P& @551 G703
F A H C3ad /- 2 b I @/co:00% 09,37
Sha § 50 <L hb Go:5h oo: 5
Zh T | 23 C [ b 00,0¢% w57
Sh ! Ls<?d <L A ad; 51 2a:57
Ff { .50 | =2 tL a/ooieht | o251
Zh { ] Z5d ZL | 0773p a7 3]
{ b ] 53 | ¢l \H._W 00.0¢ 25357 1
[T "1 £50 1/ { X2 o256 \ _
v Tk | N ] 250 A 25 Y7 09:081 | oo-5l {—¥
de do de |BH cur| {(H) de de {(a) 3994 I7qrd 893NUTH | 9O3INUTH jutod
‘duey | ‘3Ixgd txog | ‘ebnen| oPH °ul ‘dueg ‘dwey oly *ux sbujpwey ‘gwtl ‘suTy etdues
' |suoyokp|buydur | xe3y1d |wnnowa| butaqes | yowas | 936K {Bbutpeoy ae3oH pesdeta 119MQ
SawsyY 99o e273130 sep 20314 . sen Kag
2S5V uojawdo1 butidues
. Vra] ] eFaiy o3e38/4370
| bilod Iequny qor . J] 2oy wOITA/ sueN juevld
wize vy —PYsnAa5 - 7. -2~ ISqUNR uny i Vd .fu JUeTTI

(panuyjued) YLVQA A'TA14 (01-INd) VI0Z AOHLIAN




HY 83 wy N.h@a_ wA sejnuu €E6-5 °*ARI 60TT~d
NMQ FQ ~&. Q -« ,Q WQ\N..NN Of AOFHD IVAT 1531ILS0d
IHNNj h.,w\h%\ . gH0339 OY3IH FAOHIH »
) 7T~ ~ 1 7 S i N S 73 M 7 A LYl Bl [ A
I e e e E /mE mmcoamnl:
o8 .
L3 ! 39 1 &% 7 A 97.5] %
a9 ] Zy | g% EZhhT | 903k | 27:31 8
a7 ] g }w 9¢ 227 000 3041 1T
45 / ‘7% 9 07,571 oo:41 ]
P ] Lwﬂ g .9 %2y | 0jo?:0F ao:51 =z
LS ) 27 Z 2L97F 00:%h 00. 51 I 7
X3 | 77 Z b b9 09t | az.51 i
&5 i dl 90 4,29 6351 se'. 5| 4
N a7 | VY ] 25°d m‘w %9 5% 0 a1t 75 2000 | 0r-5) -1t
do do do |BH *url {(HW o deo {(av) 3884 21qnd 893NUTH | S@INUTH jutod
‘dwal |’37%3 'xog |‘’ebnepn| ofR °‘uil ‘duey, | ‘dusy oly -ug sbuipwey ‘ourt ] ‘eWTy etduesg
euojoiy|bujduy | x93 11d |wnnova) ‘Busyjes jow3s |Ie3eH ‘Buipwed aojoun pesdetd 1T8MQ
Bdusl seD @273130 113 20314 sep Kaq
Fo 4 15777 AV, gaveg 7 -duey you3s 4l o%H » 393
< NNQ.NBG UTss ®3teq _ m% ~dwey I038H
asquny eT33cH BE2¢a - DA%y wateq
RT°0 aejeuwia ZI9lL o 05-3y vateq
T o177I0N T ST3ION mw om+“._ w31eq
N £0T ‘G *wia peatseq L5 O H wateq loc 20 ZA%
pRAEFE YIHaLiu0 ROILoTTds d1230N T 3y w3teg - aueyl ..dalmww‘a.ﬂn
—_ aejewwid *oN — P aejeuwia *ON asod 1Z @ ordnoosowzeyy —~
V& 3031d - 71 80 spoan Kyieniow (s)erzszoN ®3d §4 @ erdnoscuzsyr -
T—~F7&7 __ bug auipel Hﬁmﬁsn 98310 4  xog bBuptduss beg pol/eds buytduesg R .@l
“Joivi__ 1esTTIqUA 7z eqoxa d/1 — =4 _ anopesy p/i 38833804 ‘303Td  —
II.IW\|<| xog juebwvey 24300 vues x0qae3isH Z-nA  xoqaejsH 3se39ad ‘3031d
. : IUOTITINGG FIOFRD INTHIINOT
ofH -ur ‘eanssezd oT3Ivas &0 T@2'd °uiH/°3d 27qno ‘e3wy jweT utear
: fH °ul ‘eaneselag ojajewoavyg P 4 ol bR -uIl ‘umnowA }o8YyD }WST UTeXLs
Llios Fequny qop gl iy 1 suyoes T 1 aepeeq] weay tL/8T/9 eava
gL I/ doayg eurjl ADYSA S uotawao] Buyidums
< el S 3IVIS SWIL AVI] T [e4c.7Y 93w38/4310
W - \mwﬂa\.w\ T a.xw\x Zequny uny \: G.?C.\.GS\ Ne 7| V] swEeN jueld
N ZE] UatTo

vivd a1aid (01-IWd) vI0Z AOHLIN




HV 83 w3 (490) wA se3nutw €6-S °"482 60TT-d
720 =R ~ w_ .InQIPJ.@| 7k \N % JOFHO IVAT ISIILSOd
. 51579 7 0508 | d¥odag quaH FAOWAH
7N R 7 N S N S I I N I A - T AL L N, 1A
h | | | 4 bl | ¢b 1 wm.t_b 20.0t ad.3) T ItT
a I FC | <L 8 Jhl_ | 9231 00,51 ot
S I el | aF [ahel  Pld5.o7] | ao.5] %
< ! £2 | ¢4 ze't2y | e0:5k 00 5] i)
235 / <= Z b %h Za i 00 0% 6051 T
s B <=Z | <& MNSH 20,4 00:¢ | 3
F 4 ] zLl ] 74 G/a0.09 ca.4| B
Y ! 12 QW [ o2 L ac.6h 00:.51 L Z
=14 ] T2 L de ¢4 9 00:0% ao., 51 €
K 25 j oL +h %87 00.5] 29 ;<] ) 2z
y 4./ S |2V [ 39 Iz 22 Z DI 9 | ocad | el | ¢-V 1T
do de do |BH cur| (HV) do do (av) 3984 2TqND S03NUTH | BE3INUTH ujod
‘dusy | ‘31x3 *xog |‘ebnen| ofu °*ur ‘duey | ‘dusy oty *ur sbuypwoy ‘autl ‘gwtl etdureg
suotaiy|buydur | ae3itd |wunnouws | ‘6uyzqes }ow3s |aejen 1Bugpwey Ao peede1d T1I9MQ
ddiday ovd 93273130 vd 30374 sep Aag
d, el 0 ¥wu,; g3t1eq £Z dwe), }ovisg N O%H s 383
Taz70 Ut w31eq I -dueyl ae3jen
-~ - Joquny ®T320N ﬁ ba®; wy1ea
AR aejsumtq 0S-3y eateq
M_/H T o1ZI00 Y ot37on % 0S+3y w3teg
TN €370 ‘viapeaysea | (IC3Z 3 watea o077 0 Toevd
aITaxd VINdITe0 nolIloands 212208 Y EYR 8y watea @44l TON "al.ld
Z938uWWTq *oN Ilwﬂml Iej38umTq o 3sogd %/ @ etdnosowaeyr -~
TP 303l 2 8L/ 0 tpesn ATTen3ov (e)arz30N eag T2 @ st1dnooouwasyy P\
~ 7V _ bug aerpel T~V dung 3ueao =] _ xog Bujidumsg 6ea por/eks butrduwes €R A7
—JS7v  1estiIqun HM eqoad /3 T —z$J  3nopwey o/ 38933904 ‘303§d
24| g xog juebuwey G500 Waep xoqie3sy nww.\donoamowoz unouo“m 30354  —
SAO3HD INGHJIINOZ
e —
287 —2J9 - ofH -ul ‘eansseiag ayIvas \QQG 2007 cumH/-33d o1qnd ‘ejwy weT uyeal
4 “Z29°F7 b6H *ul ‘eansseig oyijeuwoavg s ] BH Ul ‘WNNORA HOBYD YVeT UTRILs
s Lllos Jsqumy qor aC /1 1 syoey qm_l aepee] weal Lu/f)/ @3%q
2151 doag auwjl Phand 5 uoy3wdoT bBuyrdums
¢ G@Il]  33e3s swil A \_ut.{% ®3e3s/L310
~ Vi :\-“.maxw -7 -f3] 3equUnN uny 5)yprazy@iy N ) sweN 3JuUvid
2 E] uatTd

ViVa aTaid (01-Wd) V107 AOHLAN




FIELD DATA AND RESULTS TABULATION

PLANT: Vulcan Materials, Bristol, TN

SAMPLING LOCATION: Screen

D-2-5-M2-1 b-2-5-M2-2

Test Date 6/16/93 6/16/93
Run Start Time 815 1155
Run Finish Time : 820 1200
Net Traversing Points ' 6 6
Cp Pitot Tube Coefficient 0.84 0.84
Pbar Barometric Presauré, Inches Hg 28.5 28.5
Pg Flue Gas Static Pressure, Inches H20 -0.31 -0.31
Ps Absolute Flue Gas Pressure, Inches Hg 28.48 28.48
ts Flue Gas Temperature, Degrees F 62 79
Delta-p Average Velocity Head, Inches H20 0.0432 0.0415

* Represents the square of the average square root of the "Delta-p"

Average

71

0.0423 *



FIELD DATA AND RESULTS TABULATION

PLANT: WVulcan Materials, Bristol, TN

SAMPLING LOCATION: Screen

Pbar

Dalta B

%H20

SH208AT

202

B

Ps

Delta-p

va

ton/hr

Test Date

Run Start Time
Run Pinigh Time

Nat Traversing/sampling Poluts
Net Run Time, Minutes

Nozzle Diamataer, Inches

Pitot Tube Coefficient

Dry Gas Meter Calibration Factor
Barometric Prussure, Inoches Hg

Avg. Pregsuro Differential of
Orifice Mater, Inches H20

Volume of Metered Gas Sample, Dry ACP
Dry Gas Moter Tomparature, Degrees F
Volums of Matered Gas Sample, Dry SCF*

Total Volume of Liquid Collected
in Impingers & Silica Gel, mL

Volume of Water Vapor, BCF*

Moisture Content, Percent by Volume
Moisture Sat. @ Flue Gas Copnditicns, $
Dry Mole Fraction

Carbon Dicxide, Percemt by Velume, Dry
xygen, Parcent by Volume, Dry

Gas Molecular Weight, Lb/Lb-Mole, Dry
Gas Molecular Weight, Lb/Lb-Mole, Wat
Flue Gas Static Pressure, Inches H20
Absolute Flue Gas Pressure, Inches Hy
Volumetric Air Plow Rate

Flue Gas Temparaturea, Dagress P

Average Velocity Head, Inches H20

" Plue Gas Veloeity, Feet per Second

8tack/Duct Area, Square Inches
Volumetric Air Plow Rate, Dry SCPM*
Volumetric Air Flow Rate, Dry SCMM*

Volumetric Air Flow Rate, Wet ACFM

D=2-5-M201A~1 D~2-5-M201A~2 D=-2~5~M201A-3
6/16/93 6/16/93 6/16/793
820 940 1052
920 1040 1152
6/1 6/1 6/1
60 60 &0
0.341 0.341 0.341
0.84 0.84 0.84
0.9831 0.9831 0.9831
28.5 28.5 28.5
0.6654 0.6654 D0.6654
27.680 28.281 28.059
81 88 a5
25.341 25,543 25.040
9.3 15.1 14.0
0.4238 0.711 0.659
1.70 ** 2.71 2.56 »*
2.69 2.69 *x 2.689
0.983 0.973 0.974
4] 0 0
20.9 20.9 20.9
28.84 28.84 28.84
28.65 28.54 28.56
=0.31 =0.31 =0.31
28.48 2B.48 28.48
71 71 71
0.0423 0.0423 0.0423
11.91 11.94 11.93
113.1 113.1 113.1
522 518 519
15 15 15
561 563 562
419.25 419.25 419.25

Production Rate, tons/hour

* 68 *F (20 ° €) -- 25,92 Inches of Marcury (Hg).

** Moisture used in calculations.

(Continued Next Page)



FIELD DATA AND RESULTS TABULATION

PLANT: WVulcan Materials, Bristol, TN

. SAMPLIRG LOCATION: Screen

Percent Isckinetic

D~2«8-M201A~1 D-2-5-M201A-2 D-2-5-M201A-3

t8 . Flue Gas Temparature, Degrees F 69 75 78
Delta~p Avarage Velocity Head, Inches H20 0.044 0.044 0.044
ve Flue Gas Velooity, Feet per Second 12.13 12.22 - 12.25
%I Isckinetic Sampling Rate, Percent 98.0 100.2 '93.4

EM10 Calculaticms

ucye Stack Gas Viscoaity 180.0 179.2 179.3
[+] PM10 Flow, at Cyclone Conditions, ACPM 0.454 0.462 0.453

D50 Dia. of Particles in Cyclone, Micromns 9.93 9.79 9.94

Particulata Catch,

mg<P50 £ 10 Microns, Milligrams 26.8 61.6 127.6
mg>D50 * 10 Microns, Milliqgrame 100.4 728.1 669.4
mng Total Milligrams 127.2 789.7 797.0

Percent of Total Partiemlate,

. %<D50 s 10 Microns 21.1 7.8 16.0

%>D50 > 10 Microns 78.9 92.2 84.0

Particulate s 10 Microns

Concentration, milligrams/DSCF*

mg /DECF Concentraticn in Gas Sample 1.06 2.41 5.10
mg/DECF,A Concentration in Ambient Air 0.04399 0.04455 0.05269
mg/DSCF,ad] Adjusted Concentration in Gas Sample ' 1.01 2.37 5.04
1b/hr Emission Rate, lb/hr 0.0700 0.162 0.346
ib/ton Emiassion Rate, 1b/ton 0.000167 0.000387 0.000825
M Screen 8ize Correction Factor 40 40 40
ib/ten,Tot  Emdesion Rate, 1b/ton, Total 0.00668 0.0155 0.0330

* 68 * F (20 ° C) -- 29.92 Inches of Marcury (Hg).




AIR FLOW RATE DETERMINATIONS

Plant Name \|\_J_\._c,A=-S MATL - LIMESTOws . Run No. ?Sg,zotﬂ, -, 3)
' City/State BOASTo TN Date (c/ Ll /'-‘».e
. Test Location St . Personnel DS ‘
Barcmetric Pres. (Pbar) __ 2% o .In. Hg Static Pres. (Pg) —. X 1n]j, EHp0
pitot/orifice ID _ b4 ® pitot Coaf. (Cp) 24§ Pres. Cauge Set ID p-_-._* -t
Tﬁmocouplo In 2z Y Duct Length/Diameter _ 'Z- >4 . wWidth

--Specify inches (") or fnt (')--

ITY TRAVERSES ORSAT DATA

VELOC
start-Pinish Times:
- ing Anal mz B 3
s.;ﬂ.‘. nz:“ Rcadm ngidin; (ngi) (100-3)

Point AP Temp.
No. | In. BgO | °F
‘ k.-\ . 6739 _Ll-_
2 o8 | H2
3 031 | 6> Average
e 7 Gl o¥d | ez Bag No. Pump ______
' | .oss | e
(, _osk3 { +~ | |FYRITE DATA, % COo
. C? M& od3z2 G2 MOISTURE DATA (WET BULB/DRY BULE)
Dry Bulb|Wet Bulb !
- Port Time oF °F Diff. s Hp0
-] .ons |74
2] . 04y | 34
3] 035 |34 MOISTURE DATA (STOICHIOMETRIC)
P\“ — ;_ 'g'j:p ;2 Pree Water in Fuel, %
U Water from Fuel Combustion, %
(el -O41 194

Ambient Water, %
Relative Humidity, %

VG | opyi1s |79

Ambient Temperature, °F

Total %
VOLUMETRIC AIR FLOW RATES
Dry at Standard Conditions, Qed = SCFM
Wet at Stack Conditions, Qaw = ACFM
. ALOITIONAL DATA

Avg.*

* AP average is lquara' of average sgquare root.

- ENTROPY

F-1023 rev. 7-92
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PLANT: Vulcan Materials, Bristol, TN
SAMPLING LOCATION: Screen
Test Date

Run Start Time
Run Finish Time

Net Travereing Points

Cp Pitot Tube Coefficient

Phar Barcmetric Pressure, Inches Hg

Pg Flue Gas Static Pressure, Inches H20
bs Absolute Flue Gas Pressure, Inches Hg
té Flue Gas Temperature, Degrees F
Delta-p Average Velocity Head, Inches H20

* Represents the square of the average square

FIELD DATA AND RESULTS TABULATION

We2-S=M2-1 W-2-5-M2-2
6/14/93 6/14/93
930 1545

935 1550

6 6

0.84 0.84
28.5 28.5
-0.28 ~0.28
28.48 28.48
66 78
0.0476 0.0477

root of the "Delta-p"

Average

72

0.0476 *



FIELD DATA AND RESULTS TABULATION

PLANT: Vulecan Materials, Bristol, TN
SAMPLING LOCATION: Screen

W=2=5=-M2=-3 W=2=5~-M2-4

Test Date 6/15/93 6/15/93

Run Start Time | 1545 KX

Run Finish Time 1550 REXX

Net Traversing Points & 6
Cp Pitot Tube Coefficient 0.84 0.84
Pbar Barometric Pressure, Inches Hg . 28.6 28.6 Aven;ge
Pg Flue Gas Static Pressure, Inches H20 -0.35 -0.35 -:;:;;;
Ps Abpolute Flue Gas Pressure, Inches Hg 28.57 28.57 28;57
ts Flue Gas T@mpefature, Degrees F XXX ' XXX ERR
Delta~p Average Velocity Head, Inches H20 0.0550 0.0520 0.0535 *

. * Represents the square of the average square root of the "Delta-p"



FIELD DATA AND RESULTS TARULATION

PLANT: Vulcan Matariala, Bristol, TR

SAMPLING LOCATION: Screen

Wm2a8-M2012=1 W-2-5-M2012-2 W-2-3-M2012-3
. Test Date ' 6/14/93 6/15/93 6/15/93
Fun Start Time 940 605 " 1120
"Run Finish Time 1540 1105 1435
Net Traveroing/Sampling Points 6/1 6/1 6/1
Theta Net Run Time, Minutes 360 180 180
Dia Nozzle'biametar, Inches 0.341 0.341 0.341
Cp Pitot Tube Coefficient 0.84 0.84 0.84
Y Dry Gas Mater Calibration Facter 0.9831 0.9831 0.9831
Pbar Baromatric Pressure, Inchos Eg 28.5 28.6 28.6
Delta H Avg. Pressure Diffarantial of 0.6542 0.6548 0.6548
Orifice Meter, Inches H20
Vi Volume of Meteared Gas Sample, Dry ACF 167.018 82.929 83.263
tm Dry Gas Mater Temperature, Degrees F 89 83 a9
Vmstd Volume of Metered Gas Samplae, Dry SCP* 150.674 75.905 75.378
Vie Total Volume of Liquid Collected 67.6 41.9 40.9
in Impingars & Silica Gel, mL
Ywetd Volume of Water Vapor, SCF* 3.182 1.972 1.920
%520 Molsture Content, Parcent by Volume 2.07 #* 2.53 ** 2.48 **
. $HZ0SAT Moisture Sat. @ Flue Gas Conditions, % 2.78 3.61 3.17
MLd Dry Mole Fraction 0.979 0.975 0.975
%002 Carbon Dioxlde, Percent by Volume, Dry 0 0 0
02 Oxygen, Parcent by Volume, Dry 20.9 20.9 20.9
Md Gas Molecular Weight, Lb/Lb-Mole, Dry 28.84 28.84 28.84
Mo Gas Molecular Weight, Lb/Lb-Mole, Wet 28.61 28.56 28.57
Pg Flue Gas Static Pressure, Inches H20 -0,28 =-0.35 =-0.34
Pe Abgolute Flue Gas Presasure, Inchea Hg 28.48 28.57 28.58

Volumetric Alr Flow Rate

ta Flue Gas Temperature, Degreas P 72 80 76
Dalta-p Average Velocity Head, Inoches H20 0.0476 0.0535 0.0535
ve Plue Gas Velocity, Peot par Sacond 12.66 13.51 13.46
A Stack/Duct Area, Square Inchas 113.1 113.1 113.1
ond Volumatric Air FPlow Rate, Dry SCFM* 552 580 582
Qmad Volumetric Air Flow Rate, Dry SCMM* 15.6 16.4 16.5
Qaw Volumetrie Air Flow Rate, Wat ACFM 597 637 634
ton/hr Production Rate, tons/hour . 435.37 415.38 415.38

* 68 " F (20 * C) ~~ 29.92 Inches of Mercury (Hg).

** Moisture used in calculations. {Continued Next Page)



FIELD DATA ARD RESULTS TABULATION

PLANT: Vulcan Materials, Bristol, TN

SAMPLING LOCATION: 8creon

W-2-5-M201A-1 W-2~8-M201A-2 W-2-5-M201A-3

Percent Iackinetic

t8 Flue Gas Temperature, Degreas ¥ 73 a0 76
Delta-p Avarage Velocity Head, Inches B20 0.05 | 0.057 0.057
vs Flua Gas Velocity, Feet per Second 12.99 13.95 13.89
I Isckinetic Sampling Rate, Pervent 91.7 87.3 86.3

PM10 Calculaticns

ucye Stack Gas Viacosity 179.9 181.5 180.6
Qs FM10 Flow, at Cyclane Conditions, ACFM 0.452 0.463 0.456
D50 Dia. of Particles in Cyclone, Microms 9.96 9.89 9.94
Particulats Cateh,
mg<D50 s 10 Microns, Milligrams 55.0 9.3 7.8
my>D50 > 10 Microns, Milligramn 642.4 38,1 44.0
mg | Total Milligrams 697.4 47.4 1.8
Porcent of Total Particulate,
$<D560 % 10 Microns 7.9 19.6 15.1
$>D50 > 10 Microns 92.1 80.4 84.9
Particulate 5 10 Microns
Concentration, milligrams/pScF*
ey /DSCF Concentration in Gas Sample 0.365 0.123 0.103
my/DECF,A Concentration in Ambient Air 0.02940 0.01740 0.01727
D9/DSCF,ad] Adjusted Concentration in Gas Sample 0.336 0.105 - 0.0862
1b/hr Buiseion Rate, lb/hr 0.0245 0.00806 0.00664
1b/ton Ewmisslon Rate, lb/ton 5.63B-05 . 1.94E-05 1.60B-05
M Screan Slze Carrection Factor 40 40 40
1lb/ton,Tot Emission Rate, lb/ton, Total 0.00225 0.000776 0.000639

* 68 * F (20 ° C) -- 29.52 Inches of Marcury (Hg).



PRELIMINARY VELULLIT ANV LILLUNIL Fun UEL CAMLNA L aWD

Flant Name NULOAN  Wbrt L"*m Job-Noe. S ws
cmr/sute' i ~ 205 T 0 B pace _t[16[v3
Test Location S bed™ Personnel \\-JS "'S'?
. Barometric Pzes. (Pbar) _28.S __ In. Hg static Pres. (Pg) :_O-_a%__ Ig. H0
pitot ID __DP4E pitot Coaff. (Cp) _ DY Pressure Gauge Set ID _AQ_H_—\
Thermocouple ID _ B.3S8 Duct Length/Diameter —&m‘-:-‘}miiﬁhfw
i TRAVERSES _- ORSAT DATA : “
, Starc-rinish Tines: Analys: 02 (B) ‘o ACO+N
i = sampling|Analyeis| o021 {ny |Reading (Bo%) | (100-8)
Pt. |Yaw AP |Temp ‘
No. | #* | "Hs0 | °F
A1 | g7 looHo | bl
A) | 10.0%3
WM‘V A3 ' 1003 Average
4 A4 | Q_i O. 050 . Bag Ne. Pump
A5 | &7 10.05% '
At | D |0.054 | ¥ | |FTRITE DATA, ¥ €O
o | .0%76 MOISTURE DATA (WET BULB/DRY BULB)
| n Bulb u
: Port Time Dwogu e Diff. s Hp0
. A-1l @ | .os2| IR ; \
2| 03¢
= 301 0 |.03yY
Yor - adl o5t MOISTURE DATA (STOICHIOMETRIC)
rE"‘\ -_—
5 ' -O?B- # Pree Water in Fuel, §
("II f 05> Water from Fuel Cembustion, %
| ' Ambjient Water, %
#lh 004D 78 Relative Humidity, % -
: Ambient Temparature, °F
Total &
VOLUMETRIC AIR FLOW RATES ;
Dry at Standard Conditions, Qsd = sSCrK
) : Wet at Stack Conditions, Qaw = ACTM
v ' HORIZONTAL DUCT FLYASH/DUST BUILDUP >1* DEPTH?
Ave”| Yes __ No__ If. yes, see page 2 for instructions

v 1. « -sversge:is summtion of absolute vatues divided by muber of meesureREnts and mat be g'w.
2. AP average is squere of SVerEge SCUErs foot.

£-1107 rev. 9+ Sew poge 2 for cyclonic flow chack criteria.
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AIR FLOW RATE DETERMINATIONS

ws zze7 (2,3

Plant Name \M saberr Ly MTSTENS G Run No.
. City/State Beag o, ) S Date /1562
Test Location e epe~ Personnel 'bwsji__‘ B
Barometric Pres. (Pbar) _z®©.6 __ 1In. Hg Static Pres. (Pg) —-3S __ In. B0
pitot/orifice ID _ DUR _  Pitot Coef. (Cp) Bd  Pres. Gluge set ID M
Rz Duct Length/Diameter _&M width -
Thermocouple ID 2 +-Specify inches (%) or feet (*)--
VELOCITY TRAVERSES ORSAT DATA ‘
Start-Finish Times: -
- Sampl Analysis aA) B) % SCO+N
mﬂg 'l'i.z: ggiding Rggdlng (Bgi) (100-3)
Point AP Temp.
No. In. Hy0 oF
-] owx
z oS ¥
Pw — 3 | .oM% Average
—\—ggf'g "\’ 0%\ Bag No. Pump
S 055
| .os¥ FYRITE DATA, % COy
. A | opss MOISTURE DATA (WET BULB/DRY BULB)
Dry Bulb|Wet Bulb 1
port Time °F °F Diff. % Hy0
Al | ooy - ‘
| wty
8 oo
- —v
Vs . %1 .otk ‘ MOISTURE DATA (STOICHIOMETRIC)
' s Lo Free Water in Fuel, %
(| OV .
Water from Fuel Combustion, %
Ambient Water, %
#VK 0:-052 Relative Humidity, %
Ambient Temperature, °F
Total &
VOLUMETRIC AIR FLOW RATES
Dry at Standard Conditions, Qsd = SCFM
Wet at Stack Conditions, Qaw = acm
. ARDITIONAL DAIR
Avg.*

*_AP average is aquaré of average sguare root.
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Appendix B



Example Calculation of PM1O Emission Factors

Variables

1.

2.

Q.. = Actual gas sampled by M201A train; ACF
, = Gas sampled by M210A train; SCFo,y

Q.. = Gas flow rate through hood and fan; ACF/Min
Qeerp = Gas flow rate through hood and fan; SCFp,/Min
Qumea = 6Gas flow rate through ambient PM10 monitor; ACF/Min
p = Gas flow rate through ambient PM10 monitor; SCF,/Min
Standard temperature, 528 Degrees °R

Meter box gas temperature, (460°R + X °F)
= Stack Temperature, (460 °R + X °F)

Barometric pressure during test, inches Hg.
= Standard Atmospheric Pressure, 29.92 inches Hg.

Total PM10 catch weight in M201A train, mg
= Total PM10 catch weight in M20l1A ambient sampler, mg
Moisture in flue gas, %(volume)

T, =
T; =
TSTK
Py =
PBS

"F =
"AMB
X =
Calculation of gas volume (standard) sampled in M201A;

Qsp = (Qs-A) (T./T'r) (Palpas) ( (1-X)/1)

Concentration of PM10 in gas sampled; Cppyo

Como = ("F/ Qs-s‘rn)

Calculation of gas volume(standard) sampled in ambient sampler;

Qamesto = (Qamen) (0.33F|'2) (Ts/Tsx) (Pe/Pos) (Tresy) ((1-X)/1)

Calculation of ambient PM10 concentration

Cemicams = Wame/Qame.sro

28



5. Calculation of adjusted PM10 concentration in M20]A gas sampled

Comroame? = (Comio - *cpmoma)
6. Calculation of total gas flow rate from screen

Qers = (0r.0) (480 Sample Points) (Te/Terc) (Po/Pas) (60MIn/Hr) (1-X)/1)
7. Calculation of total PM10 emissions

Eomio = (ComroameR) (Qe.s0) (Grams/lOOO)(Pounds/454srams)
8. Calculation of Vibrating Screen processing rate

P, = Screen Rate = (p/2)
g. Calculation of PM10 Emission factors

E = (Epmo/Pn)

29
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| SAMPLING EQUIPMENT AUDIT |
Plant Name VULCaoy o LieEEramg Job No. _SBu %

City/State Beastoe , TTensw Auditor(s) Drus
Test Loc. k@ e pate _(o/1dla3

"Hg ye Field Barcmeter “Hg

Entropy In~-House Ref. Barometer
Date Compared Dev. *Hg (Max. Allowable Dev.: * 0.1 "Hg)

Field Barometric Pressure cf:o:ret{tedlfg;s'rg;}:u %gatian Elev;tion?, lgvioo f
: deduct 0.1" Hg from loga resgure for eac ''@a
égggelocation elevatgon; example: 29.6 - (300"’/100 * 0.1) = 29.3" Hg.)

Ref. Therm. Initial Allowable ;
° Audit

Ambient T . F Deviation
eat TSTE == From Ambient Ambjent Temperature, °F OK (V)

THERMOMETERS
Dry Gas Meter + 5.4 °F (Meterbox No. )
Impinger Exit + 2.0 °F

Filter Box £ 5.4 °F

* Adjust thermometer until acceptable. If it cannot be adjusted, use as bick-
up. I1f no backup, record ambient temperature indicated by unadjusted ther-
mometer and label with correction factor (indicate): !

THERMOCOUFLES  Allowable Deviation from Ambient: * 8.0°F* (2 2.0°F)**

v v v v v
¢ No./ °F_ OKI|IC No./ *F_ OK|FC No./ °F OR|TC No./ °F OK|TC No./ °F OK
/ - / - / — / —_ [

*+ + 8.0 °F = + 1,5% of ambient absolute temperature.
*x (£ 2.0 °F if used in gaturated or water droplet-laden gas gtream. )

ISOKINETIC METERBOX I.D. _EAl- = Gamma (¥) .CI83 ( AHe . SIS

As Applicable (check): Zero Magnehelics? ____ gero/Level Manometer? _~——"_
Barcmetric Pressure (Ppar) _28.5 Auditor  Dwis Date _G&/igfa 3
Dry Gas Meter Meter Lower and Upper

Reading Temperature Limits for
(Cubic Ft.) (°F) Audit Gamma

Final $92.023 | rinad 8\ 0.96 * y = 9429

tnitial 98.083 | rnitial go 1.04 s Y= \.oz2¥

Dry Gas Volume . Average Run Time
Metered Meter Temp. {Base = 10)

(Cubic Ft.) (°F)
(Minutes) (Seconds)
Vm = 7".01"" Tm = 60 5 o ' o

*%0.75 = Ideal Sampling Ratev*
[Min. + (Sec. / 60)] [{[(29.92) / (460 + 68) * (0.75)2) * (Tm + 450)}]

Vm

+5

!C =
Ppar

oL 0 +¢( 0 /,60)] [0.0319  B0.5 + 260 a24
c = * = .

:}-.F\t_.‘. 285" Audit Gamma
‘Audit Gamma Acceptable (between lower & upper limits)? (v) Y _ Yes . No

———

F-1113 rev. 7-92
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SAMPLING EQUIPMENT AUI_JIT i
Plant Name V A / oan leﬁwan '; Job No. 2/ |

_Pristel 2 “Tenw Team Leader _JKu~

City/state

. Tegt Location C_’ﬁg l.”

Barcmeter (Van) No. Checked OK? (V) ___  Shop Auditor ‘3
Entropy In-Bouse Ref. Barometer *Hg y__ Van Barometer "Hg

“Hg (Max. Allowable Dev.: 2 0.1 "HQ)

pate Compared Dev.
Jest Loc. Eleviis)” Ft.  Date Pield Auditor
Field Barometric Pressure Reduced for Test Location Elevation by ' "Hg
Ref. Therm. Initial. Allowable \
Ambient Temp., -°F é 2 Deviation Date é/ /‘//7 Auditor M v
From Ambient Ambient Temperature, oy oK
THERMOMETERS . :
Dry Gas Meter + 5.4 °F £5 