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1.0 INTRODUCTION 

1.1 SUMMARY OF TEST PROGRAM 

The U. S. Environmental Protection Agent EPA), Office of Air Quality 
Planning and Standards (OAQPS), Emission Inven Branch (EIB) is responsible 
for developing and maintaining air pollution 
processes. EIB is presently studying the 
this work, EIB sponsored PM10 particulate emi 
Corporation's facilities in Raleigh-Durham an 
specific sources tested were the tertiary cr 
Deister vibrating screen at the Raleigh-Durham This report concerns only 
the tertiary crusher tests. A separate report ts the test results at the 
Deister vibrating screen. 

The PM10 emission factor test procedures developed and conducted by 
Entropy Environmentalists, Inc. (Entropy). The ion Measurement Branch (EMB) 
of EPA supervised the test program. 

A Quasi-stack system ssion tests on the inlet and 
outlet of the tertiary stack system enclosures were 
built. The inlet enclos 8’H X 8'0 X 5'W and the outlet 
measured 7'H X 24'0 X 8' n Figure l-l. and Figure l-2. 
The mounting positions ies and Quasi-stack tube- 
axial fans ensured that the normal PM10 ons were not significantly 
influenced but were directed to the outlet The capture velocity in the 
outlet ducts were set by adjusting the varia d DC motors of the tube axial 
fans. The velocities of the fans were set so there was a slight negative 
pressure within the enclosures. s used throughout the test 
program. 

The PM10 emissions were tested using EPA Meth 201A. The tests were divided 
into two sets: stone moisture levels greater than 5X, and stone moisture levels 
less than 1.5%. These criteria were used ba 
moisture requirements of wet suppression sys 
necessary to operate a continuously recording 
crusher to characterize the wind speed and on during the tests. The 
observed PM10 emission levels are summarized in 

TABLE l-l. 

PM10 Emissio s, 1 Pounds/Ton' 

Inlet Dry Stone (< 1.5%) 0.00004 (Without Control) 
Outlet Dry Stone (< 1.5%) 0.00171 (Without Control) 

Inlet Wet Stone (> 1.5%) 0.00001 (With Controls) 
Outlet Wet Stone (> 1.5%) 0.00081 (With Controls) 

' Based on total stone feedrate fro vibrating feeder. 

1 







2.0 PLANT AND SAMPLING LOCATI1N DESCRIPTION 

2.1 PROCESS DESCRIPTION AND OPERATION 

The Garner plant produces crushed gr 
paving. Figure 2-l is a flowchart of the 
in this project. The figure was prepare 
Diagram Plant No. 632 provided by Martin 

ed for construction and road 
of the Garner plant relevant 
on a drawing labelled Flow 

Rock blasted from various locations in th uarry is trucked (stream 1) to 
a primary crusher. A large surge pile is used rovide a steady flow of stone 
to the plant processing equipment located adj 
540 foot conveyor (stream 3) is used to deliv 
above the secondary crusher. Normal production 
per hour as calculated by the transport time and 
feeder, points A and B of Figure 2-l (see Appe 

The scalping screen serving t 
too large for the secondary crusher, 
storage pile and sold 
screen is conveyed (str 
are sold as product. 

hers removes oversized material 
is conveyed to a separate 

passing through the scalping 
usher separate storage pile and 

The cone-type secondary crusher reduc the size distribution of the 
material received from the surge pile. 
ranges in size from 6 inches to relatively sm 
the secondary crusher discharges onto a co or (stream 6) leading to the 
tertiary crusher inlet. The ter scharge stream (stream 10) also 
discharges onto this conveyor. sher discharge, the 
main feed conveyor (stream 6) c the plant production with the 
exception of oversized product di The main feed conveyor stream 
passes through a transfer station and deli the stone to the top of the 
structure housing the Deister vibration scre The stone flow to the Deister 
screens and tertiary crusher is termed "close rcuit" since oversized material 
containing some fines adhering to the surface 
and tertiary crusher3 until the stone is crush 

recirculate through the Deister 
mall enough to fall through the 

Deister screen (streams 8,9). 

The tertiary crusher is a Model 1560 Omnico conical type crusher. Figure 
2-2 shows a side view of the vibrating feeder tertiary crusher before the 
inlet and outlet enclosures were built. eives the oversize stone from 
the 8 x 20 - 3D Diester screens downstream the secondary crusher. The 
stone is fed to the t 
conveyor (stream 7). 
which serves a 36" wide 72" lon 
discharges onto a 4 foot by 4 foot chute direct above the Omnicone inlet. This 
chute is not indicated on Figure 2-l. There are ry limited free fall distances 
from the feeder to the charging chute and from 
of the Omnicone. 

charging chute to the inlet 
The Omnicone discharges the hed stone to a 36 inch wide, 

336 foot long conveyor (stream 10) leading to enclosed Diester screens. 



The inlet to the Omnicone was defined as 
feeder to the charging chute and the discharge 
crusher vessel. This area, having a height 
enclosed with a tarp to allow capture of the PM1 
to-stone attrition during movement of the stone 
layers of stone were maintained at gas flow ral 

le discharge of the vibrating 
If the charging chute into the 
If approximately 7 feet, was 
emissions caused by the stone- 
The gas velocities around the 

s equivalent to 5 to 10 mph. 

The discharge point of the Omnicone tertiar crusher is a conveyor leading 
from the secondary crusher to the Diester scree s (stream 10). The discharge 
point is enclosed approximately 5 feet upstream and downstream of the Omnicone 
discharge point. There are several water spray nozzles on the downstream side 
of this conveyor. 

The discharge of the Omnicone crusher was efined as the total enclosure 
surrounding stream 10 underneath the Omnicone. E issions from the Omnicone were 
clearly visible leaving both the upstream an 
enclosure. 

downstream porttons of the 

The plant operates approximately 200 days p r year. The typical operating 
times are 7 a.m. to 5:00 p.m. each day. Total pr duction quantities per year are 
approximately 750,000 to l,OOO,OOO tons. 

2.2 FUGITIVE DUST CONTROL 

_a 
Wet suppression is used for fugitive dust c ntrol of the tertiary crusher. 

There are water spray nozzles located on the c nveyor underneath the tertiary 
crusher (beginning of stream lo), at the transfe point of the conveyor (stream 
7) and also the entrance to the surge bin and v brating feeder (points A and B 
Figure 2-l). 
conditions. 

Not all of these spray nozzles are necessary to maintain wet 
Over-wetting of the rock can cause linding of the lower screen or 

blockage of the fines discharge chute underneath the Deister','. 

2.3 SAMPLING AND EMISSION TESTING PROCEDURES 

2.3.1 Fusitive Emission Capture Svstems 

Since there is not an air pollution control device on the inlet and outlet 
of the tertiary crusher, a fugitive emission cap ure system is needed to capture 
the particulate matter. Entropy considered the criteria listed in Table 2-1 in 
designing the fugitive emission capture system. 

The alternative capture techniques which are ge 
emission sources include'*': 

I 

Entropy evaluated alternative 
capture systems during several site visits by E tropy and U. S. EPA personnel. 

erally applied to fugitive dust 

l Roof monitor 
l Upwind-downwind profiling 
l Quasi-stack 
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Emission profiling techniques involve meas ement of the increase in PM10 
concentrations as a gas stream passes over or ar und the source being evaluated. 
This is usually performed using ambient PM10 m nitors in upwind and downwind 
locations. Entropy concluded that this appro ch was not applicable to the 
tertiary crusher at the Garner plant due to th number of sources imnediately 
upwind and downwind of the tertiary crusher. I would be impossible to isolate 
the tertiary crusher from these nearby sources. These included: 

l Generator exhaust 
l Secondary crushers 
l Various conveyors and stone transfer poi ts 
l Interstate 40 traffic. 

* 
The emission profiling approach was not p actical due to the number of 

potential PM10 sources and their locations near the tertiary crusher. 
f 
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The roof monitoring approach of fugitive emission capture involves the 
sampling at a horizontal array of sampling pcints 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 and outlet. Also, 
there were no partial enclosures to direct the PM10 emissions to a sampling grid. 



Table 2-1. FUGITIVE EMISS 
SYSTEM DESIGN ( 

N CAPTURE 
[TERIA 

l The capture system should not create higl 
rates due to high gas velocity conditior 
screen, near the stone inlet chute, or ne 
chute. 

l The capture system should not create a si 
particulate losses. 

l The capture system should isolate the tt 
(west unit) from the adjacent unit (east 

l The capture system should not create sai 
test crew or for plant personnel. It sl 
plant process equipment. 

l The capture system should not obstruct 1 
equipment by plant personnel. 

l The capture system and overall test proc 
practical, and readily adaptable to othf 
can be repeated by organizations wishin! 
emission factor data developed in this p 

r-than-actual PM10 emission 
near the upper Deister 

l the upper screen discharge 

: for PM10 emissions due to 

tiary crusher being tested 
Init). 

ty hazards for the -emission 
uld not create risks to the 

utine access to the process 

dures must be economical, 
plants so that these tests 

to confirm or challenge the 
eject. 

Figure 2-3. Crusher In1 et nclosure 



The quasi-stack method appeared to be the st effective and practical 
approach for capturing the fugitive emis s approach allowed isolation 
of the crusher inlet and outlet emissio rom the other fugitive dust 
sources in the immediate vicinity. -stack method required the 
construction of temporary enclosures around the et and outlet of the tertiary 
crusher and the installation of a duct and fan tern for gas handling. Since 
the tertiary crusher outlet was already p nclosed, the induced gas flow 
streams would not influence the rate of Low make-up air flow 
rates were used at the relatively exposed inle emission point in order to 
minimize higher-than-actual PM10 emissions. 

The make-up air to the inlet and outlet en es was supplied by a set of 
two-speed fans equipped with HEPA filters and ters. The HEPA filters are 
rated as greater than 99.97% efficient for ron particles, therefore, 
adjacent dust sources could not significantly uence the measured emission 
rates. Prefilters were replaced when they became verloaded or blinded by large 
diameter particles, moist particles, or water. 

The gas flow from the outlet enclosures w ntrolled by a Dayton Model 
3C411 24inch, 2 HP direct current (DC) driven tu al fan. This variable speed 
fan was set at the gas flow rate necessary to ma1 n a slightly negative static 
pressure within the enclosure. Negative pre were required to ensure that 
there was no loss of PM10 emissions from the Highly negative static 
pressures were undesirable since there could velocity ambient air streams 
entering the enclosure which could increase 10 emissions. 

The enclosures were constructed of tight fi tarps stretched over a large 
mesh metallic screen. The screen was electric onded and grounded to ensure 
that high static voltages would not accumulate o tarps thereby reducing the 
actual PM10 emissions. Figure 2-1 and 2-3 the inlet to the crusher 
location, Figure 2-l and 2-4 show the outlet to crusher location. 



Figure 2-5. Outlet Enclos re Window 
q 

One clear lucite window was also included enclosure so that plant 
personnel and the Entropy test team could observ process operating conditions. 
Figure 2-5 shows the outlet window location and utlet duct system. 

2.3.2 PM10 Emission Testinu Procedure 

EPA Reference Method 201A was used to monitcr the PM10 emissions from the 
tertiary crusher. The complete sampling train is shown in Figure 2-6. This 
consists of: (1) a sampling nozzle, (2) a PM10 sam3ler, (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 no-; mounted on the PM10 sampler 
probe. Gas velocities were determined prior to the emission tests. 

Particulate matter larger than 10 microns ir 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. A disassembled lMl0 sampling head is shown in 
Figure 2-7. 

The cyclone and filter system used in this study met the design and sizing 
requirements of Section 5.2 of Method 201A. -'he 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. 

--I-- - 



IMPIN ER TRAIN ,wIWIOICIam 

. CI i, 

Figure 2-6. 

FLOW CONTROL SYkTEM =- 

PM10 Samplin Train 

Figure 2-7. Disassembled Ml0 Head 

PM10 sampling was performed in a l-foot (in1 t location) and 2-foot (outlet 
location) diameter smooth wall duct mounted dir ctly off the enclosures of the 
crusher. The ducts were connected to flexible du t leading from the enclosures. 
The 4-inch diameter sampling port was located 8 d ct diameters downstream of the 
flexible duct connection and 2 duct diameters ups ream of the fan. Four traverse 
points in the horizontal direction were 

i 
sampl d. Sampling in the vertical 
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direction across the ducts was not possible sine 
could be resuspended and pass through to the fil 
selected to provide 80 to 120% isokinetic condi 
assembly were mounted within the duct during samp 
around the filter to keep temperatures approximal 
the stack temperature. This was necessary to 
moisture condensation in the sampling train. 

dust collected in the cyclone 
er. The sampling nozzles were 
*ions. The cyclone and nozzle 
ing. A heating mantle was used 
zly 50 degrees Fahrenheit above 
avoid filter blinding due to 

The particulate samples were recovered usi the procedures specified in 
Method 201A. The sample recovery scheme is Figure 2-8. The 
material from the filter, cyclone outlet tube, inlet housing were 
combined to determine the total PM10 catch 

2.4 MONITORING OF PROCESS OPERATING CONDITIONS 

There are a number of process variables and weather conditions which could 
conceivably influence PM10 emission rates from .he Deister screen3*t: 

l Stone moisture level 
l Ambient wind speed 
l Wind direction 
l Stone size distribution 
l Stone silt content 
l Deister stone feed rates 
l Stone type (breaking characteristics 
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 s-rice granite is the only type of 
stone processed at this plant. Samples of the stone were archived to permit 
future analyses if necessary. 

2.4.1 Stone Moisture Level 

A stone sample was removed during each of' the emission tests. In most 
cases, this sample consisted of a 2 linear foot sample of stone from the main 
conveyor feeding the surge bin. The conveyor wa!; 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. Each sample weighed 
more than 120 pounds. 

A sample was selected for analysis by plicing 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 250 degree!; Fahrenheit. The weight loss 
during heating was calculated and reported as tie stone moisture level. 
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2.4.2 Wind Soeed and Direction 

An Entropy-supplied weather station was mourted on the platform directly 
outside of the control room. A dedicated microcomputer recorded data on a 
minute-by-minute basis. 

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. One of the initial sample 
quadrants not used for moisture analysis was furtler subdivided for analysis by 
ASTM sizing screens. A sample of approximately 2 pounds was loaded into the top 
pan. The screens used included: 

l 1.5 inch screen 
l 0.75 inch screen 
l NO. 4 screen (mesh opening 0.187 inches) 
l NO. 20 screen (mesh opening 0.033 inches) 
l NO. 100 screen (mesh opening 0.0059 inches) 
l NO. 200 screen (mesh opening 0.0029 inches) 
l Bottom pan 

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

The data provided by the ASTM sizing screens p ovided information on the "as- 
sampled" stone size distribution. Following thi analysis of the ASTM screens, 
the sample was placed into an oven and heated to 50°F until dry. Then the ASTM 
screens were restacked and shaken for 10 minute . 

/ 

The dry weights per screen 
were then used as an indication of the total silt content of the stone which 
could conceivably be released while the stone is being processed on the Deister 
screens. 

2.4.4 Stone Processinq and Production Rates 

The stone processing rate of the tertiary 
as the total volume of stone 
crusher. The volume of stone 
dividing the actual volume of the vibrating 
of the feeder (minutes). This number was 
the stone (2.65) which was in turn multiplied by 
to obtain the total amount of stone per test thi 
length of the test (minutes). 

(Volume of Feeder FT3) / (Feeder Transfer Time Minutes) 
= FT3/Minutes 

(FT3/Minutes) X (2.65 Pounds Stone / Pound Water ) X (62.4 pounds of water/ft3) 
= Pounds Stone / Minute 

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

14 
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3.0 TEST RESULTS 

3.1 OBJECTIVES AND TEST MATRIX 

The objective of this test program was to deternine the PM10 emission factors 
for a tertiary crusher at a stone crushing plant. The test program concerned 
both wet and dry stone conditions. The spec-fit objectives included the 
following: 

l Capture the PM10 emissions from the inlet and outlet of a 
tertiary crusher without significantly affecting the emission rate. 

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

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

l Measure the stone moisture content, stone feed rate, stone size 
distribution, stone silt content, wind speed, wind direction. 

Table 3-l presents and sampling and analytic;.1 matrix and sampling log for 
the testing at the Martin Marietta Corporation Garner plant. 

3.2 FIELD TEST CHANGES AND PROBLEMS 

During two of the tests, the Garner facil ty experienced a short term 
production interruption. The Method 201A sampling trains were shut down during 
these outages. Sampling resumed approximately 2 to 5 minutes after production 
rates, and stone characteristics returned to norrlal conditions. 

During the initial tests on December 9, 1991 the orifice head pressures for 
the Method 201A sampling trains were set too low. Accordingly, the results were 
not consistent with Method 201a. Entropy, with the authorization of the EPA 
Project Manager elected to void these runs. The data collected from these runs 
however, are listed in the appendices of this relort. 

15 
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TABLE 3-l. SAMPLING t' 

Run 
No. 

Test Date Time Test I 
Type 

Pl, P2 Dry 12-09-91 

Wl Wet 12-10-91 

W2, W3 Wet 12-11-91 

DlA, D2A, 12-12-91 
and D3A 

ll:oo Methot 
14:00-15:OO Methot 
16:10-17:lO Methol 
11:lO Stone 
15:00-17:00 Wind 

ll:oo Metho 
12:25-15:25 Metho 
13:41-16:13 Metho 
N.D. Stone 
13:25-16:20 Wind 

08:20-12:04 Metho 
13:00-16:09 Metho 
12:15 Stone 
09:20-16:14 Wind 

09:10-15:00 Metho 
07:45-13:54 Metho 
09:41 Stone 
10:05-15:05 Wind 

3.3 TEST RESULTS 

3.3.1 Stone Moisture Content 

The stone moisture levels for the tertiary cr 
are presented in Table 3-2. The moisture crit 
were: dry condition - less than 1.5%, and wet c 
than 1.5%. These values are basically consisten 
first wet test had a value outside of this ran 
0.49% in this run was due to the sample drying 
this did not have a significant impact on the P 

During the emission tests, the stone color wa 
moisture levels. Short term changes in stone mo 
from grey to white. These variations occurred ir 
but they could not be quantified because of 
representative stone sample. 
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,hod Sampling 
Location 

1 

iOlA 
In/Out Ducts 
In/Out Ducts 

!OlA In/Out Ducts 
ample Conveyor 5 
ldi tions Platform 

1 

iOlA 
In/Out Ducts 
Inlet Duct 

!OlA Outlet Duct 
imple Conveyor 5 
editions Platform 

!OlA In/Out Ducts 
!OlA In/Out Ducts 
imple Conveyor 5 
editions Platform 

201A Inlet Duct 
201A Outlet Duct 
ample Conveyor 5 
nditions Platform 

ler PM10 emission factor tests 
ia proposed in the Test Plan 
iitions - equal to or greater 
rith these criteria. Only the 

The low moisture level of 
i prior to analysis, although 
I emission test results. 

lsed to qualitatively evaluate 
Lure were indicated by a shift 
11 of the wet condition tests, 
he time needed to obtain a 



TABLE 3-2. STONE MOISTURE LEVELS 

Date Conditions Test 

12-09-91 

12- 12-91 

Dry' Pl 
Dry' P2 

Dry D1,2,3,A 

12-10-91 Wet2 Wl 

12-11-91 Wet W2,3 

Note: ' - These runs were voided due to improper method 201A gas 
flow rates. 

Note: * - Container seal broken, sample may have dried prior to 
analysis, omitted from average. 

Stone moisture levels were controlled by the plant personnel operating 
certain water spray headers in the process. Moisture content is a strong 
function of the stone size distribution. Essentiilly all of the moisture present 
in a given stone sample is present in the small :;ize ranges having high surface 
areas. 

3.3.2 Stone Production Rates 

The tertiary crusher stone processing rates were calculated following the 
formula given in Section 2.4.4 of this report. The vibrating feeder volumes, 
transport times data and the calculated stone production rates are presented in 
Table 3-3. 

3.3.3 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 weigh.:. This value is divided by the 
standard cubic feet of gas sampled to determine the concentration of PM10 
particulate matter in the gas sampled. 



Table 3-3. Stone Productio Rates, 
For the Tertiary Crusher Encl sure Tests 

Date Time Volume 
of Flow 
(FT3) 

Mass Flow 
Rates 
(TM. 1 

12-09-91 14:42 319 268 354 
16:20 319 226 420 
16:53 319 216 440 

w-w 
405 

Test Time = 60 Min 
Production Total 
(Two Dry Runs) 

-. 

12-10-91 13:oo 336 217 460 
14:29 336 226 441 

me- 

Average = 450 

Test Time = 180 Minutes 
Production Total = 1350 Tons 
(One Wet Run) 

12-11-91 09: 58 319 223 
10:40 319 198 
14:05 319 228 
15:17 319 213 
15:47 319 205 

425 
480 
416 
446 
463 
me- 

Average = 446 

Test Time = 180 M nutes 
Production Total 

t 

1338 Tons 
(Two Wet Runs) 

12-12-91 08:50 336 221 
10:02 336 203 
12: 19 319 217 
14:37 319 221 

Test Time = 60 Mi 
Production Total 
(Three Dry Runs) 

453 
493 
437 
430 
--- 

Average = 453 

utes 
453 Tons 
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The data are expressed in pounds of PM10 per ton of stone processed through 
the tertiary crusher. The production rate was calculated as per Section 2.4.4 
of this report. 

The measured PM10 emission factors are preserted in Table 3-4. The average 
values for the wet tests are approximately a factcr of 2 below the average value 
for the dry tests. This is consistent with ger era1 observations during the 
emission tests. During the dry tests, there were slight visible emissions from 
the outlet ducts. No visible emissions were apparent during the wet tests. The 
extremely low emissions occurring during the wet tests are indicated the 
photograph shown in Figure 3-1. 

The emission factors measured during the emission test program are well below 
previously reported emission factors for tota- particulate matterg. This 
difference is reasonable since stone crushing processes can generate high 
concentrations of large diameter particulate whel the stone is very-dry or the 
ambient wind speed is very high. The earlier tests were mainly conducted on 
sources with baghouses for control. Therefore, wet suppression was not used to 
minimize emissions and the stone was probably very dry (data not provided). The 
Entropy test crew observed that the visible emissions dropped to negligible 
levels when the wet suppression equipment was tu*ned on at the Garner plant. 

The emission factors applicable to total emissions cannot be compared with 
the PM10 emission factors. The PM10 fraction of '.he total particulate emissions 
should be relatively low since very high energy levels are needed to cause stone 
attrition to the 10 micron range. 

Figure 3-l. Visible Emissions luring Wet Test 
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TABLE 3-4. TERTIARY CRUSHER PM 

Inlet Dry Stone (C 1.5%) 
Run 1A 
Run 2A 
Run 3A 

Average 

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

Average 

Outlet Dry Stone (< 1.5%) 
Run 1A 
Run 2A 
Run 3A 

Average 

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

Average 



, . - a ” .  

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 Secticn 4.2. Section 4.3 discusses 
QA audits. QC procedures for particulate and per:ent 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 fllw rate determinations follow 
guidelines set forth by EPA Method 2. 

-P: 

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 dete-mining the volume of moisture 
collected: 

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

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

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

l The indicating silica gel was fresh for each run. 

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

21 
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The QC procedures below were followed regarring accurate sample gas volume 
determination: 

The dry gas meter is fully 
approved intermediate standard. 

every 6 months using an EPA 

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

The meter thermocouples were compared \ 
run as a check on operation. 

ith ambient prior to the test 

Readings of the dry gas meter, meter or fice pressure (AH), and meter 
temperatures were taken at every sampli g point. 

Accurate barometric pressures were reco 

Post-test dry gas meter checks were camp 
the meter full calibration constant (Y) 

ded at least once%per day. 

eted to verify the accuracy of 

The S-type pitot tube was visually insp cted before sampling. 

Both legs of the pitot tube were 1~ 
sampling. 

ik checked before and after 

Proper orientation of the S-type pitot tl 
measurements. The roll and pitch axis 
maintained at 90' to the flow. 

be was maintained while making 
af the S-type pitot tube were 

The pitot tube/manometer umbilical lir 
after sampling for moisture condensate. 

zs were inspected before and 

Cyclonic or turbulent flow checks were 
source. 

erformed prior to testing the 

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

Pitot tube coefficients were determined 
techniques as delineated in Method 2. 

based on physical measurement 

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

4.3 QA AUDITS 

4.4. 
Meterbox calibration audits were performed 

All of the equipment pre-test and post-tes 
Table 4-1. 
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. “ -  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 If isokinetic (100 percent). 
0 The probe and filter temperatures are maintained at ~50°F ambient. 
l Only properly prepared glassware is used. 
l All sampling nozzles were be manufactured and calibrated according to 

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

contamination. 
0 
a 

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

4.5 SAMPLE VOLUME AND PERCENT ISOKINETICS 

All sampling runs met the results acceptability criteria as defined by 
Section 6.3.5 of Method 201-A. The isokinetic rates are within 220 percent. A 
summary of the sample volume and percent isokinet,cs is presented in Table 4-1. 

TABLE 4-l. 

GARNER AVERAGE DELTA H AND ISOKINETIC RESULTS 

Percent Is0 (%) 



,a+... 

Run # I Percent Is Delta H (Avg) 

OUT/DRY/lA/12-12 I 89.3 I I .564 II 

OUT/DRY/2A/12-12 88.0 .565 

OUT/DRY/3A/12-12 88.2 .565 

OUT/WET/1/12-10 101.6 .592 
A 

OUT/WET/2/12-11 87.8 .587 

OUT/WET/3/12-11 86.1 .542 

4.6 MANUAL SAMPLING EQUIPMENT CALIBRATION 

4.6.1 Tvoe-S Pitot Tube Calibration 

The EPA has specified guidelines concerni the construction and geometry 
of an acceptable Type-S pitot tube. ified design and construction 
guidelines are met, a pitot tube coefficient Information 
pertaining to the design and construction of the t tube is presented 
in detail in Section 3.1.1 of EPA Only Type-S pitot 
tubes meeting the required EPA spec Pitot tubes are 
inspected and documented as meeting EPA specific ions prior to field sampling. 

4.6.2 Samolina Nozzle Calibration 

Calculation of the isokinetic sampling 
sectional area of the sampling nozzle 
thoroughly cleaned, visually inspected, and cali 
outlined in Section 3.4.2 of EPA Document 600/ 

s that the cross 
ed. All nozzles are 

ng to the procedure 

4.6.3 Temoerature Measurinq Device Calibration 

Accurate temperature measurements are r ired during source sampling. 
Bimetallic stem thermometers and thermocouple t erature sensors are calibrated 
using the procedure described in Section 3.4 f EPA Document 600/4-77-027b. 
Each temperature sensor is calibrated at a 
anticipated range of use against a NIST-tracea 

mum of three points over the 

All sensors are calibrated prior to f 
mercury-in-glass thermometer. 

4.6.4 Drv Gas Meter Calibration 

Dry gas meters (DGM's) are used in the sampl trains to monitor the sampling 
rate and measure the sample volume. 
the volume correction factor prior to their 

fully calibrated to determine 
se in the field. Post-test 

calibration checks are performed as soon as possi 
returned as a QA check on the calibration toe 

equipment has been 
Pre- and post-test 
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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 pressurt 
performed using the procedure outlined in Section 
237b. The system is placed under approximately 
a gauge oil manometer is used to determine if a PI 
over a one-minute period. If leaks are detect 
actual calibrations are performed. 

After the sampling console is assembled a 
allowed to run for 15 minutes to allow the pump 
is then adjusted to obtain the desired flow rate. 
data are collected at orifice manometer settings 
and 4.0 inches H,O. Gas volumes of 5 ft3 are L 
settings, and volumes of 10 ft3 are used for the h 
gas meter correction factors (Vi) are calculatec 
averaged. The method requires that each of the 
fall within +2 percent of the average correction 
adjusted, and recalibrated. For the post-te! 
calibrated three times at the average orifice set, 
actual test. The meter box calibration data is 

Table 4-2. Meter Box Calibra 

Meter Box Pre-Audit Allowable 
Number Value Error 

II N-6 
I 

0.9871 1 0.9476tY<1.0265 1 

N-14 0.9948 0.9550tY<1.0346 

4.7 DATA VALIDATION 

All data and/or calculations for flow I 
isokinetic rates made using a computer software 
independent check. 
completeness. 

All calculations are spl 

In general, all measurement data are vali 
criteria: 

0 Process conditions during sampling or t 
l Acceptable sample collection procedures 
0 Consistency with expected other results 
l Adherence to prescribed QC procedures. 
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leak check of the system is 
3.3.2 of EPA Document 600/4-77- 
0 inches of water pressure and 
essure decrease can be detected 
Id, they are eliminated before 

d leak checked, the pump is 
nd DGM to warm-up. The valve 
For the pre-test calibrations, 
AH) of 0.5, 1.0, 1.5, 2.0, 3.0 
,ed for the two lower orifice 
gher settings. The,individual 
for each orifice setting and 
individual correction factors 
actor or the meter is cleaned, 
t calibration, the meter is 
ing and vacuum used during the 
resented in Table 4-2. 

ion Audit 

Calculated Acceptable 
Gamma 

1.0128 
I 

Yes 
II 

0.9707 
I 

Yes 
I 

ates, moisture content, and 
program are validated by an 

t checked for accuracy and 

lated based on the following 

sting. 








































































































































































































































































