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1.1 TEST PROCEDURES AND RESULTS 

1.0 SUMMARY 

. . The National Stone Association (NSA) sponsored this PM10 emission test 
program in order to determine PNlO emission factors applicable to various 
process units at stone crushing plants. The test site was the Vulcan 
Materials, Inc. facility in Skippers, Virginia. The specific sources tested 
were a 7 foot heavy duty shorthead Siimnons cone crusher (7' crusher) and an 8 
by 20 foot Deister vibrating screen. Entropy Environmentalists, Inc. (Entropy) 
developed the emission testing program and conducted the PM10 emission tests. 

A Quasi-stack system was used to conduct emission tests on the inlet and 
outlet of the 7' crusher. Small enclosures were installed at both 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 Deister 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 12 inches above the upper screen deck of the Deister 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 1.5X, and stone 
moisture levels less than 1.5%. The results of the PM10 emission tests are 
presented in Table 1. The emission rates determined during both series of 
tests on the 7' crusher and the Deister screen were low. These wet stone 
emission factor results are entirely consistent with the zero visible emissions 
operating conditions observed during all of these 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. 

PM10 Source 

TABLE 1. CRUSHER PM10 EMISSIONS 

Stone Uoisture PM10 Emissions 
(X Weight) (Pounds/Ton) 

Crusher (< 1.5%) 0.00397 
(> 1*5X) 0.00026 

Deister Screen (< 1.5%) 0.02701 
(> 1.5%) 0.00103 

1 



1.2 KEY PERSONNEL 

The National Stone Association Project Manager was Hr. Bill Ford. He was 
assisted by Mr. Ronnie Walker of Vulcan Materials, Inc. The Entropy project 
manager was Nr. Todd Brorell. -Technical assistance was provided by Hr. Bill 
Kirk and Dr. John Richards of Entropy. The tests were observed by Mr. Solomon 
Ricks of the U.S. EPA, OAQPS Emission Measurement Branch, Hr. Dennis Shipman of 
the U.S. EPA, OAQPS Emission Inventory Branch, Hr. Horace Wilson of Martin 
Marietta, and Hr. Steve Witt of Hartin Marietta. A sumnary of the key 
personnel and their phone number are provided in Table 2. 

TABLE 2. KEY PERSONNEL 

Telephone Numbers 

National Stone Association 
Ur. Bill Ford 

. . 
Vulcan Materials, Inc. 

Mr. Ronnie Walker 

Uartin Marietta 
Mr. Horace Wilson 
Mr. Steve Uitt 

U.S. EPA, Emission Inventory Branch 
Hr. Dennis Shipman 

U.S. EPA, Emission Neasurement Branch 
Mr. Soloman Ricks 

Entropy Environmentalists, Inc. 
Hr. Todd Brozell 
Hr. Bill Kirk 
Dr. John Richards 

(202) 342-1100 

(804) 634-4158 

(919) 781-4550 
(919) 781-4550 

(919) 541-5477 

(919) 541-5242 

(919) 781-3550 
(919) 781-3550 
(919) 781-3550 



2.0 PLANT AND SAUPLING LOCATION DESCRIPTION 

2.1 PROCESS DESCRIPTION AND OPERATION 

The Skippers, Virginia plant produces crushed granite used for road paving 
and construction. Figure 1 provides a simplified flowchart of the portion of 
the plant relevant to this emission testing program. The primary surge pile 
shown in the upper right of Figure 1 is rock which has been conveyed from the ,. 
large surge pile of rock in the quarry. The stone is then conveyed via Stream 
1 to the 7' X 20' vibrating screens and the coarse product is conveyed via 
Stream 2 to the coarse surge pile. The coarse product is transported via 
Streams 3 and 4 to the 7' heavy duty shorthead Simmons Cone Crusher (hereafter 
referred to as the 7' crusher). Entropy monitored the stone feed rate leaving 
the 7' crusher by weighing a two foot section of Stream 5 and multiplying this 
weight by the speed of the belt. 

The 7' crusher reduces the sire distribution of the material received from 
the coarse surge pile. Stone leaving the 7' crusher ranges in size from 3 
inches to relatively small particles. The material from the 7' crusher 
discharges onto a conveyor (Stream 5) leading to the outlets of two Model 1560 
omni cone crushers. Following the omni cone crushers discharge, the main feed 
conveyor (Stream 6) contains all of the plant production with the exception of 
oversized product. The main feed conveyor (Stream 6) delivers the stone to the 
top of the structure housing the Deister vibrating screens. The plant operates 
a scale on this conveyor to calculate total daily tonnage from all three 
crushers to the 8' X 20' screens. Entropy also used this scale as a basis for 
calculations of the Deister screen. 

The stone flow to the Deister screens and the omni cone crushers is 
termed Wosed circuit' since oversized material containing some fines adhering 
to the surface can recirculate through the Deister and omni cone crushers until 
the stone is crushed small enough to fall through the Deister screen. The 7' 
crusher that Entropy tested however had no recirculated stone flowing through 
it. 

The Deister decks are 8 feet wide by 20 feet long and are inclined on a 
20 degree slope. There are three vertically stacked decks. The upper deck has 
a mesh opening of 1.125 square inches, for the first 12 feet of travel and an 
opening of 1 square inch for the last 8 feet of travel. The middle deck has 
mesh opening of 0.58 square inches and the lower deck has slot openings of 
0.118 inches by 1 inch. Stone collecting on the middle and lower decks are 
combined as one product stream. Fine particles passing through all three decks . 
collect as a separate process stream. The oversized material remaining on the 
top screen goes to the inlet of the Omni Cone crushers. The total quantity of 
oversized material entering the Omni Cone crushers is estimated to be 500 to 
600 tons per hour. The stone feed rates to the two Deister screens were 
approximately equal during the tests. 
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-4 ‘i.2 FUGITIVE DUST CONTROL 

Wet suppression is used for fugitive dust control of the 7' Simmons 
crusher, two node1 1560 omni cone crushers, and the Deister vibrating screens. 
There are water spray nozzles located on the vibrating feeder to the 7' 
crusher, on the conveyor underneath the crusher, and on the discharge chute 
near the top of the Delster screens. Not all of these spray nozzles are 
necessary to maintain wet conditions. The nozzles on the inlet chute to the 
Deister screen were off during the tests. Over-wetting of the rock can cause 
blinding of the lower screen or blockage of the fines discharge chute 
underneath the Deister. During these emission tests, the plant experienced no 
significant screen blinding conditions. 

2.3 SAMPLINGi AND EMISSION TESTING PROCEDURES 

2.3.1 Funitive Emission Test Aporoach 

Since there are no air pollution control devices on the Deister screens . 
or the 7' 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 durtng several site visits by Entropy personnel. The emission 
testing techniques which are generally applied to fugitive dust emission 
sources include, 

l Upwind-downwind profiling, 
l Roof monitor sampling, and 
l Enclosures and Quasi-stack sampling. 

Deister Screen Testina Alternatives 
The roof monitoring approach of fugitive emission testing appeared to be 

the most applicable technique for the Deister screen at the Skippers plant. 
This involved the sampling at a horizontal array of sampling pofnts 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 Deister screen at the Skippers, Virginia plant because of the building 
constructed around the Deister screen. Also, there were a number of possible 
sources ilnmediately upwind and downwind of the 7' crusher. These sources 
included crushers, conveyors and conveyor transfer points, and Interstate 95 
traffic. It would be impossible to isolate the 7' crusher from these nearby 
sources using an upwind-downwind testing procedure. 
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Table 2. FUGITIVE EMISSION CAPTURE 
SYSTEH DESIGN CRITERIA 

l The capture system should not create higher-than-actual PM10 
emission rates due to high gas velocity conditions near the 
point of PHlO particle entrainment. 

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

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

l 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. 

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

l 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 quasi-stack method involves the construction of a temporary enclosure 
around the Deister screen and the installation of a duct and fan system for gas 
handling. Entropy rejected this approach primarily because of the extremely 
high gas flow rates necessary. To simulate the identical emission conditions 
for typical wind speeds at the plant would require gas flow rates between 
13,200 and 52,800 actual cubic feet per minute (ACFH). Ductwork with a 
diameter between 4 and 6 feet would be necessary to carry thislarge gas flow 
at velocities where PM10 losses would be minimized. Since the Dejster 
vibrating screen is on a relatively small platform 80 feet above the ground, 
this ductwork would have to be quite long and carefully supported. This 
approach would be prohibitively expensive. Other disadvantages include: 

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

l An enclosure restricts plant operations personnel's access to 
the vibrating screen 

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



7’ Crusher Inlet and Outlet Testing Alternatives 
The auasi-stack method appeared to be the most accurate and practical 

approach for capturing the fugitive emissions from the inlet and outlet areas 
of the 7' crusher. This approach allowed isolation of the 7' 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 7' crusher 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 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 imnediate 
vicinity of the crusher. 

2.3.2 PM10 Emission Testinq Procedure 

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

consisted of a 2 foot by 2 foot aluminum hood suspended 12 inches above the 
upper deck of the Deister 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 Deister screen was divided into a 3 by 9 array of 
sampling locations, each of which was 2 feet by 2 feet in size. The only.area 
not sampled was the 4-foot strip across the upper inlet side of the Deister 
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. 
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Figure 3. Top View of Traversing Hood in Deister Screen 



Dust accumulation in the ductwork was not a problem during this study 
since the hood operating tjntes were relatively short and the flexible duct was 
cleaned regularly. The 1000 feet per minute duct velocity limit 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 PM0 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. 

7' Crusher Testing Equipment 
The inlet to the 7' crusher was defined as the discharge of the vibrating,. 

feeder Into the crusher vessel. This area, having a height of approximately 5 
feet, was enclosed with neoprene to allow capture of the PM10 emissions caused 
by the stone-to-stone attrition during movement of the stone. The discharge 
point of the 7' crusher is a conveyor leading to the outlets of the secondary 
crushers to the Diester screens (Streams 5,6). The discharge point was 
enclosed approximately 3 feet upstream and downstream of the 7' crusher 
discharge point. There are several water spray nozzles on the downstream side 
of this conveyor. Figure 4 shows a side view of the 7' crusher. 

Figure 4. Side View of 7' Crusher I * 



Enclosures were built around the inlet and outlet of the crusher. The 
inlet enclosure measured approximately 40' high with a 78" diameter, the outlet 
measured 6'H X WD X VW. The enclosure outlet 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 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 (high efficiency 
particulate absolute) filters and centrifugal fans. Use of HEPA make-up air 
ensured that PM10 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. 

Close-up views of the crusher inlet before and after installation of the 
enclosure are provided in Figures 5 and 6. In Figure 6, the flexible duct in 
the center right delivers the HEPA filtered make-up air to the enclosure and 
the duct in the background takes PMlO-laden air to the emission testSng 
location. The crusher outlet enclosure Is shown in Figures 7 and 8. In Figure 
8, the long horizontal duct in the center of the photographs contains the PM10 
emissions from the outlet enclosure and the vertical duct on the right contains 
the PM10 emissions descending from the inlet enclosures. The gas streams are 
joined at the duct TEE shown in the lower right of Figure 8. 

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 
increase the PM10 emissions. 

PM10 Samplina EauiDment 
EPA Reference Rethod 201A was used to monitor the PM10 emissions from the 

7' 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 V-type 
pitot tube was not mounted on the PM10 sampler probe. Sas velocities were 
determined prior to the emission tests. 

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 Uethod 201A. The gas flow rate through 
the cyclone was set based on the orifice pressure head equation provided in 
Figure 4 of Hethod 201A. The gas flow rate was kept constant throughout the 
emission test program. 
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Figure 5. Crusher Inlet Before InstalJation of 
Enclosure 

Figure 6. Crusher Inlet with Enclosure 

11 



Figure 7. Crusher Outlet Enclosure 

Figure 8. Crusher Outlet Enclosure 

.  s 
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PM10 sampling was performed in a l-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 flexible duct connection and 2 duct diameters upstream of the fan. 
Sampling in the vertical direction across the ducts was not possible 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% isokinMc conditions. 
The cyclone-and nozzle assembly were hunted within the duct during sampling. 

The particulate samples were recovered usin'g the procedures specified in 
Method 201A. The sample recovery scheme is illustrated in Figure 9. The 
material from the filter, cyclone outlet tube, and f'tlter inlet housing were 
combined to determine the total PM10 catch weight. 
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2.4 HONITORIN6 OF PROCESS OPERATING CONDITIONS 

There are a number of process variables and weather conditions which 
could conceivably influence PM0 emission rates from the Deister screen: 

l Stone moisture level 
l Stone size distribution 
l Stone silt content 
l Deister 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 

A stone sample was 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 7' crusher (Stream 5 of Figure 1). 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 inside the Deister screen 
enclosure. 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. This data however was not used in the 
emissions calculations because it became apparent that the ambient PM10 monitor 
was being strongly influenced by emissions from the Deister screen and was not 
providing data representative of PM10 levels in the ambient air entering the ' 
Deister screen building. 

2.4.3 Stone Size Distribution and Silt Content m .--w-- 

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

l 37.5 Millimeters 
l 19.0 Millimeters 
l 4.75 Hillimeters 
l 2.00 Hillimeters 
l 150 Hicrons 
l 75 Hicrons 
l 38 Microns 
l Bottom pan 

The loaded ASTH 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 7' crusher has been defined by Entropy 
as the total volume of stone leaving the 7' crusher (Stream 5). 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 leaving the 7' crusher. This 
amount in pounds/feet was then multiplied by the speed of the conveyor in 
feet/minute to produce a rate in pounds/minute. Then to obtain the total 
amount of stone per test this number was multiplied by the length of the test 
(minutes). This calculation is shown below: 

(Pounds Stone per 2 FT) X (380 FT per Minute) 
- Pounds Stone per Minute 

(Pounds Stone per Minute) X (Test Minutes) X (Ton/2000 Pounds) 
- Tons of Stone/Test 

15 



3.0 TEST RESULTS 

3.1 OBJECTIVES AND TEST HATRIX 

The objective of this test program was to determine the PM10 emission 
factors for a Simns 7' crusher and a Deister vibrating screen at a stone 
crushing plant. The test program concerned both wet and dry stone conditions. 
The specific objectives included the following: 

l Capture the PM0 emissions from the inlet and outlet of a 
7' crusher without significantly affecting the emission rate. 

l Capture the PM0 emissions from the Deister vibrating screen 
without significantly affecting the emission rate. 

l Determine the PM10 emiss!on concentrations by means of EPA 
Reference Method 201A. 

l Calculate the total PHI0 emission rates using the known outlet duct 
gas flow rates and the Method 201A emission concentrations. 

l Measure the stone moisture content, stone feed rate, stone size 
distribution, and stone silt content. 

The stone processing rate of the Deister screen has been defined by 
Entropy as the total quantity of stone produced by the plant minus the fines 
removed prior to the secondary crusher. The actual quantities of stone passing 
through the Deister are considerably higher than this value since all of the 
oversized material remaining on the top deck of the Deister is sent to the 2 
Dmni Cone crushers and then returned to the Deister screen. The quantities of 
stone in stream 6 shown Figure 1 are approximately 50% higher than the quantity 
in stream 3 due to this recycle loop. This recycle estimate is based on 
measurements of the stone feed rates via the Plant weigh belt scale, on the 
conveyor discharging stone to the two Deister screens. 

The secondary feed weigh belt scale has been chosen as the basis for the 
production rate definition since these data are most readily available at other 
stone crushing plants. The disadvantage of this definition is that it creates 
emission factor values in pounds per ton of stone, which are higher than would 
be calculated if the production rate were based on the total feed rate. 

The stone processing rate calculation at the Skippers plant tested during 
this study is further complicated by the presence of two Deister screens , ' 
operated in parallel. Because of the configuration of the equipment there is 
no quantitative means to determine the separate stone flow rates to each. 
Entropy has based on emission factor calculations of a 50x-50x split based on 
observations during the emission tests. 
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3.2 STONE MOISTURE LEVELS 

The stone moisture levels for the 7' crusher PM10 emission factor tests 
are presented in Table 4. The moisture criteria proposed in the Test Plan 
were: dry condition - less than 1.5X, and wet conditions - equal to or greater 
than 1.5%. The actual values during the testes were generally consistent with 
these criteria. Only the last dry test had a value outside of this range. The 
high moisture level of 2.5% in this run was due to the inadvertent washing of 
the conveyor by the plant cleanup crew five minutes before the end of the test 
and immediately prior to stone sampling. This 2.5% value is not representative 
of the actual stone moisture levels during the test. 

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 4. STONE MOISTURE LEVELS 

Date Conditions Test Moisture Content 
(X weight) 

11-16-92 Dry 1 0.69 
11-16-92 Dry 2 0.70 
11-16-92 Dry' 3 ‘2.50’ 

Average 0.695 

11-17-92 Wet 1 2.04 
11-18-92 Wet 2 1.13 
11-19-92 Wet 3 2.17 

Average 1.78 

Note: ' - Plant began to wash down the area before the test was 
completed and inmediately prior to stone sampling. The 2.5% 
value is not representative of conditions during the test. 

3.3 AMBIENT PMlQCONCENTRATIONS 

The ambient PM10 concentrations were monitored by means of a Anderson 
PM10 Hi-V01 sampler. This instrument has a cyclonic pre-collector for 
particles greater than 10 microns followed by a back-up filter. The analyzer 
was located on the southwest corner of the Deister platform. In this location, 
it indicated the PM10 levels in the enclosure of the Deister. 
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This analyzer was turned on iaunediately 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 ambient PM10 levels presented in 
Table 5 are relatively high. 

TABLE 5. 
AMBIENT PARTICULATE CONCENTRATION 

STANDARD 6AS CONDITIONS 

Time 
Start Stop 

Grams HiVolt 
Catch mg/ft3 Dry 

11-16-92 11:15 12:15 5.1933 4.02 
11-16-92 13r30 15:02 7.0881 3.58 
11-16-92 15~27 16:27 6.6748 5.17 
11-17-92 lo:20 16:30 1.3747 0.174 
11-18-92 lo:20 16:22 1.1435 0.151 
11-19-92 lo:52 17: 17 1.0324 0.126 

3.4 STONE PRODUCTION RATES 

The 7' crusher stone processing rates were calculated following the 
formula given in Section 2.4.4 of this report. The Deister (west unit) stone 
processing rates were calculated based primarily on the data provided by the 
plant's weigh belt scale (Stream 6, Figure 1). The total stone production rate 
through the Deister screens-crusher circuit was divided in half based on the 
assumption that both Deister screens received equal stone loadings. The total 
processing rate during the test was calculated by multiplying the average stone 
production rate times the duration of the emission data. The calculated stone 
production rates for the West Deister screen during the tests are presented in 
Table 6. 

TABLE 6. STONE PRODUCTION DATA 

Date Test Condition West Deister Crusher 

Processing Rate, Tons 

11-16-92 1 Dry 552 578 
11-16-92 2 Dry 552 498 
11-16-92 3 Dry 552 484 
11-17-92 1 Wet 589 388 
11-18-92 2 Wet 617 521 
11-19-92 3 Wet 531 490 
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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 PM0 particulate matter in the gas sampled. 

The total PM10 emissions from the Deister screen were determined by 
multiplying the constant gas flow rate (standard conditions) of the hood-fan 
system times the 27 separate sampling locations. The total gas flow rate from 
the Deister 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 West Deister screen. The production rate was estimated using the 
weigh belt scale and averaging the data for the period of the emission test. 
It was assumed that both of the Deister screens receive an equal stone loading. 

The measured PM10 emission factors for both the 7' crusher and the 
Deister screen are presented in Table 7. The average values for the wet tests 
are more than a factor of 15 below the average value for the dry tests. This 
is consistent with general observations during the emission tests. During the 
dry tests, there were heavy visible emissions from the Deister screen as 
indicated in Figures 11 and 12. No visible emissions were apparent during the 
wet tests. The extremely low emissions occurring during the wet tests are 
indicated the photographs shown in Figures 2 and 3. 

TABLE 7. DEISTER SCREEN AND 7' CRUSHER PM10 EMISSIONS 

PM10 Emissions: Pounds/Ton 

Dry Stone (< 1.5%) 7' Crusher Screen 
Run 1 .00205 .02363 . 
Run 2 .00367 .02986 
Run 3 .00619 .02754 

Average .00397 .02701 

Wet Stone (> 1.5%) 
Run 1 
Run 2 
Run 3 

Average .00026 .00103 ' ' 

.00027 .00103 

.00037 .00107 

.00015 .00100 

The emission factors measured during the emission test program are well a 
below previously reported emission factors for total particulate matter'. The 
emission factors applicable to total particulate emissions cannot be compared 

* . 
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Figure 11. Emissions from Deister Screen During Dry lest 

Figure 12. Emissions from Deister Screen During Dry Test 
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with PM10 emission factors. The PM10 fraction of the total particulate 
emissions should be relatively low since very high energy levels are needed to 
cause stone attrition to the 10 micron range. It is unlikely that the 7' 
crusher and Deister screens aree creating substantial quantities of PM10 
particulate. This is indicated by particle size distribution tests conducted 
by Entropy using "as sampled' and dried stone. The size distribution data is 
provided in Table 8-1 and Table 8-2. As indicated in Table 8-1, the wet stone 
had near negligible levels of dust in the less than 75 micron size range. 

TABLE 8-l. PARTICLE SIZE DISTRIBUTIONS 
FOR DRY RUNS 

Fraction of Sample in Specified Range 

Size Range Test 1, Test 2, 
Dry Dry 

Test 3, 
Dry 

> 37.5 Millimeters 0 0 0 
> 19.0 Millimeters 0.464 0.208 0.385 
> 4.75 Millimeters 0.394 0.441 0.424 
> 2.00 Millimeters 0.055 0.114 0.071 
> 150 Microns 0.062 0.179 0.088 
> 75 Microns 0.011 0.025 0.015 
> 38 Microns 0.007 0.017 0.010 

Bottom Pan 0.008 0.019 0.009 

TABLE 8-2. PARTICLE SIZE DISTRIBUTIONS 
FOR WET RUNS 

Fraction of Sample in Specified Range 

Size Range Test 1, 
Wet 

Test 2, 
Wet 

Test 3, 
Wet 

> 37.5 Millimeters 0.116 0 
> 19.0 Millimeters 0.284 0.624 
> 4.75 Millimeters 0.399 0.282 
> 2.00 Millimeters 0.054 0.034 
> 150 Microns 0.094 0.034 
> 75 Microns 0.016 0.008 
> 38 Microns 0.011 0.006 

Bottom Pan 0.012 0.012 
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4.1 QC PROCEDURES 

4.0 QA/QC ACTIVITIES 

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

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

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

0 The indicating silica gel was fresh for each run. 

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

The QC procedures 
determination: 

below were followed regarding accurate sample gas volume 

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 
run as a check on operation. 

compared with ambient prior to the test 

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

22 



,*- 

,@-a. 

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. . * 

An 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 
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 
representative amount of the analytes are collected by the sampling system 
include: 

0 The sampling rate is within 20 percent of isokinetic (100 percent). 
0 Only properly prepared glassware is used. 
0 All sampling nozzles were be manufactured and calibrated according to 

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

contamination. I ' 
0 Recovery procedures are completed in a clean environment. 
0 Field reagent blanks are collected. 
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4.5 SAMPLE VOLUME AND PERCENT ISOKINETICS 

All sampling runs met the results acceptability criteria as defined by 
Section 6.3.5 of Method 201-A. The isokinetic rates are within 220 percent. A 
sumnary of the sample volume and percent isokinetics is presented in Table 9. 

TABLE 9. 
AVERAGE DELTA H AND ISOKINETIC RESULTS 

. . 

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-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 Samplinq Nozzle Calibration 

.  I  Calculation of the isokinetic sampling rate requires that the cross 
sectional area of the sampltng 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 600/4-770027b. 

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 6as 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 prtor 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 600/4-770237b. 

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. 6as 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 (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. . . 

* . 
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-* Table 10. Meter Box Calibration Audit 

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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